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ABSTRACT
Objectives  To provide useful information for clinicians 
and policy makers to prepare guidelines for adequate use 
of medical resources during end-of-life period by analysing 
the intensive care use and related costs at the end of life 
in South Korea.
Design  Cross-sectional, retrospective, observational 
study.
Setting  Tertiary hospitals in South Korea.
Participants  We analysed claim data and patient 
information from the Health Insurance Review and 
Assessment Service national dataset. This dataset included 
19 119 older adults aged 65 years or above who received 
high-intensity care at least once and died in the intensive 
care unit in South Korea between 2016 and 2019. 
High-intensity care was defined as one of the following 
treatments or procedures: cardiopulmonary resuscitation, 
mechanical ventilation, extra-corporeal membrane 
oxygenation, haemodialysis, transfusion, chemotherapy 
and vasopressors.
Primary and secondary outcome measures  Usage and 
cost of high-intensity care.
Results  The most commonly used high-intensity care 
was transfusion (68.9%), mechanical ventilation (50.6%) 
and haemodialysis (35.7%) during the study period. 
The annual cost of high-intensity care at the end of life 
increased steadily from 2016 to 2019. There existed 
differences by age, gender, length of hospital stays and 
primary cause of death in use of high-intensity care and 
associated costs.
Conclusion  Findings indicate that invasive and device-
dependent high-intensity care is frequently provided at 
the end of life among older adults, which could potentially 
place an economic burden on patients and their families. 
In Korea’s ageing society, increased rates of chronic illness 
are expected to significantly burden those who lack the 
financial resources to provide end-of-life care. Therefore, 
guidelines for the use of high-intensity care are required to 
ensure affordable end-of-life care.

INTRODUCTION
Medical treatment use and associated expen-
ditures have rapidly increased with the prev-
alence of chronic disease due to an ageing 
society and lifestyle changes. According to 
2018 statistics,1 the growth rate of medical 
expenditure in South Korea was 1.3%, which 
is much higher than that of Organization for 
Economic Cooperation and Development 
member countries (0.2%). The trend of 
increased medical expenses is also appearing 
in the area of treatment for critical patients 
nearing death, which poses particular burden 
on national medical finances.2 Studies have 
shown that patients who are on inevitable 
transition to dying usually receive invasive or 

Strengths and limitations of this study

►► This is the first large-scale analysis to represent 
the recent status of end-of-life intensive care using 
the national healthcare data (2016–2019) in South 
Korea.

►► This study provides a detailed analysis of the use 
of high-intensity care at the end of life under the 
Korean healthcare system, based on the scope of 
life-sustaining treatments presented in the Act on 
Hospice and Palliative Care and Decision on Life-
Sustaining Treatment for Patients at the End of Life 
(LST Decision Act).

►► Cohort data over an extended period of time provide 
information on changes in the use of high-intensity 
care and related costs before and after 2018, when 
the LST Decision Act was enacted in South Korea.

►► We analysed only the costs incurred by the use of 
medical services, and did not include non-medical 
services costs, such as those related to caregiving.
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life-prolonging treatments at the end of life.3 4 End-of-
life (EOL) care refers to all healthcare services admin-
istered in a distinct timeframe before death; however, it 
varies between clinical settings, healthcare providers and 
researchers.5 Intensive care at the end of life includes 
admission to an intensive care unit (ICU), cardiopulmo-
nary resuscitation (CPR), mechanical ventilation (MV), 
dialysis and chemotherapy.3 It has been reported that 
terminally ill patients with cancer receive chemotherapy 
even when their death is imminent in South Korea.6 7 
Although such high-intensity treatments in the final stages 
of disease may prolong the survival period,8 it does not 
necessarily improve the quality of care at the end of life.9

High-intensity care in the ICU in the period nearing 
death accounts for more than 20% of total hospital 
expenses and more than 50% of hospital deaths.10 South 
Korea is one of the world’s fastest ageing countries, and 
it is predicted that adults over 65 years old will comprise 
approximately 42.5% of the total population by 2065.11 
Considering the correlation between ageing and health-
care expenditures,12 13 it is necessary to understand the 
current status of intensive care at the end of life in older 
people, which can add burden on the healthcare system.

In South Korea, the Act on Hospice and Palliative Care 
and Decision on Life-Sustaining Treatment for Patients at 
the End of Life (LST Decision Act) has been implemented 
since 2018.14 Under this Act, patients at the terminal stage 
can express their intentions regarding treatment to their 
physicians. Due to this legislation, the public has become 
highly interested in advance care planning (ACP) to 
improve the quality of care during the terminal phase. 
The ACP is a process in which patients discuss and make 
a decision for their future healthcare in a collaborative 
effort including family members (or surrogates) and 
healthcare providers.15 Understanding the current status 
of intensive care at the end of life can provide prelimi-
nary data to select a target population and develop strat-
egies for effective ACP. However, little is known about the 
extent of such intensive care in South Korea. Therefore, 
the purpose of this study was to investigate the current 
status and factors associated with high-intensity care given 
to older adults before their death in ICUs in South Korea.

METHODS
Data source
This study used data collected from the Health Insurance 
Review and Assessment (HIRA) database for the period 
2016–2019. The HIRA database contains health insur-
ance claims data, which include the cost information of 
all medical services and prescription drugs that are reim-
bursed by Korean National Health Insurance (KNHI) and 
the Medical Aid Programme (MAP). The KNHI covers 
approximately 97% Koreans, and the MAP covers the 
remaining 3% Koreans who cannot afford national insur-
ance. The HIRA service, a central office in the Korean 
Ministry of Health reviews the submitted claims for reim-
bursement to KNHI and MAP.16 The HIRA included 

information on older adults ≥65 years who received high-
intensity care at least once and died in the ICU of tertiary 
hospitals.

Patient and public involvement
There was no direct patient or public involvement in this 
study.

Study design and population
This study is a cross-sectional, retrospective, observational 
study based on HIRA database. Database included older 
adults ≥65 years who received high-intensity care at least 
once and died in the ICU.

Outcome variables definition
Sample characteristics
The sample characteristics included age, gender, type of 
health insurance, Charlson Comorbidity Index (CCI), 
hospital length of stay and primary cause of death. The 
type of health insurance was divided into KNHI and MAP, 
which was determined by personal household income.16 
The CCI17 was categorised into four groups with CCI 
scores of 0, 1, 2 and ≥3, respectively.18 19 Hospital length 
of stay was determined by the period of selected claim 
data, which was the number of days from the hospital-
ised date to the expired date. In this study, we extracted 
the data of subjects with an exacerbation of chronic 
life-limiting illness requiring to intensive treatment, 
and not of those subjects who died as a result of acute 
life-threatening illness. Therefore, the data of subjects 
with reported chronic diseases related to high mortality 
among Koreans as the primary causes of death20 were 
extracted. Consequently, suicide and accident as causes 
of death were excluded owing to their inappropriateness 
for this study. The primary cause of death was classified 
as follows: malignant neoplasm (C00–C97), heart disease 
(I00–I09 and I20–I51), pneumonia (J12–J18), cerebro-
vascular disease (I60–I69), chronic renal failure (N18–
N19), liver disease (K70–K76), chronic lower respiratory 
disease (J40–J47), diabetes mellitus (E10–E14), hyperten-
sive disease (I10–I13), dementia (F00–F03 and G30–G32) 
and others. The codes for the cause of death correspond 
to the Korean Standard Classification of Diseases 7th 
edition (KCD-7).21 The KCD-7 is the modified version of 
the International Classification of Diseases 10th Revision 
(ICD-10).22 Diseases that did not belong to any category 
were classified as ‘other’.

High-intensity care at the end of life
In this study, the high-intensity EOL care was defined as 
treatments administered during the last ICU stay before 
death. Based on the scope of life-sustaining treatments 
provided in the LST Decision Act in South Korea,14 high-
intensity care at the end of life was defined as receiving at 
least one of the following treatments or procedures in the 
ICU: CPR, MV, extra-corporeal membrane oxygenation 
(ECMO), haemodialysis (HD), transfusion, chemotherapy 
and vasopressors. The high-intensity care corresponded 
with the following codes, per HIRA and KNHI23: CPR 
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(KNHI codes M1583–7), MV (M5850–8, M5860), ECMO 
(O1901–6), HD (O7020 (intermittent haemodialysis) 
and O7031-4 (continuous renal replacement therapy)), 
transfusion (X2011–2, X2021–2, X2031–2, X2041–2, 
X2051–2, X2061–2, X2071–2, X2081–2, X2091–2, 
X2101–2, X2111–2, X2121–2, X2131–2, X2141–2) and 
chemotherapy (KK151–6). Vasopressors were identified 
using the Korean drug and anatomical therapeutic chem-
ical codes.24 The vasopressors most commonly prescribed 
in South Korea included the following drugs: dobuta-
mine, dopamine, ephedrine, epinephrine, isoproterenol, 
milrinone, norepinephrine, phenylephrine and vaso-
pressin.24 25

Costs associated with high-intensity care
The total cost of medical care is the sum of the expenses 
paid by KNHI and individual patient extracted from the 
data for one claim at the time of death. The cost for high-
intensity care was calculated by the total cost for the claim 
using the procedure codes of high-intensity care (ie, CPR, 
MV, ECMO, HD, transfusion and chemotherapy) and 
drug codes for vasopressors during the patient’s hospital-
isation. The costs for medical care and drugs in Korean 
won were converted to US$ using the conversion rate 
of 1200 won/dollar (exchange rate as of 15 September 
2020) .

Data analysis
The data were analysed using SAS V.9.4 (SAS Institute). 
The use of high-intensity care was presented as the 
number of patients with at least one procedure or drug 
code. Medical and high-intensity care costs among the 
different years were compared by one-way analysis of vari-
ance followed by post-hoc Scheffé test. Multiple logistic 
regression analysis was used to examine the association of 
high-intensity care use with patient-relative characteristics. 
Among the various types of high-intensity care, vasopres-
sors were excluded from this regression analysis because 
all patients in the study sample had received vasopressors. 
Analysis was conducted after integrating hypertensive 
disease and dementia into heart disease and cerebrovas-
cular disease, respectively, among the primary cause of 
death. This was because the number of deceased older 
adults with a hypertensive disease (n=10) or dementia 
(n=4) as a primary cause of death was very small.

RESULTS
Sample characteristics
Sample characteristic are presented in table 1. The mean 
age at the death was 76.62 years (SD=6.82), and 57.5% 
were men. The median CCI score was 0 (IQR=0, 1). 
Approximately 45% of patients stayed at the hospital more 
than 11 days, and the mean hospital stay was 13.18 days 
(SD=12.82). The three most common primary causes of 
death were malignant neoplasm (n=3784, 19.8%), heart 
diseases (n=3406, 17.8%) and pneumonia (n=2061, 
10.8%).

High-intensity care at the end of life
The annual use of high-intensity care at the end of life 
is presented in table 2. As seen in the statistics for high-
intensity care use over 4 years, transfusion was found to 
be the most common procedure (68.9%), followed by 
MV (50.6%), HD (35.7%), CPR (18.3%), chemotherapy 
(3.0%) and ECMO (1.2%). Between 2016 and 2019, 
the use of HD, transfusion and chemotherapy gradu-
ally increased, while the use of CPR, MV and ECMO 
decreased.

Sample characteristics significantly related to the likeli-
hood of using at least one form of high-intensity care at 
the end of life differed depending on the type of high-
intensity care (table 3). Advanced age was associated with 
decreased odds of receiving most types of high-intensity 
care. Those aged 75 years or older showed statistically 
significant lower use of high-intensity care than those 
65–69 years except for MV. In the case of older adults 
who were hospitalised for more than 30 days, the odds 
of receiving a transfusion and chemotherapy was approx-
imately 7 and 9 times higher, respectively, than those 
hospitalised for fewer than 10 days (AOR (95% CI)=6.95 
(5.86 to 8.29) for transfusion, AOR (95% CI)=8.56 (6.43 
to 11.51) for chemotherapy). The odds of receiving each 
form of high-intensity care differed depending on the 
sample’s primary cause of death. Decedents with liver 
disease had significantly higher odds of receiving a trans-
fusion (AOR (95% CI)=3.05 (2.15 to 4.45)). The odds of 
receiving ECMO in older adults with heart diseases was 
more than 11 times higher (AOR (95% CI)=11.78 (8.27 
to 17.27)) than that of the reference group.

Costs associated with high-intensity care
The mean total medical cost was $13 566.97 per decedent 
and the mean total cost associated with high-intensity 
care was $1084.84 between 2016 and 2019 (figure  1). 
Both medical and high-intensity care costs consistently 
increased over the study period. The mean medical and 
high-intensity care costs in 2018 and 2019 increased signifi-
cantly compared with those in 2016 and 2017 (table 4). 
During the same period, the cost of using high-intensity 
care accounted for 7.9%–8.6% of the total medical cost.

Sample characteristics significantly associated with 
the high-intensity care cost included the following: age, 
type of health insurance, hospital length of stay and 
primary cause of death (table 5). Advanced age was asso-
ciated with increased costs for high-intensity care use. 
Patients aged 70 years or older showed statistically signif-
icant lower expenditures (β=−0.40 to −0.09, p<0.001) 
compared with those aged 65–69 years. MAP was associ-
ated with the decreased cost (β=−0.05, p=0.039). Samples 
with a hospital length of stay longer than 11 days were 
associated with increased costs for high-intensity care use 
(β=0.34–0.96, p<0.001) compared with decedents who 
were hospitalised for less than 10 days. The cost of high-
intensity care was significantly higher in deaths associated 
with liver disease (β=0.29, p<0.001) than other groups 
among the categories of primary cause of death.
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DISCUSSION
This study is a descriptive cohort study using recent 
national healthcare data to quantify and characterise 
factors associated with high-intensity care use and costs 
at the end of life among older adults. In this study, the 
mean age at death among the deceased older population 
was 76.6 years. In a study by Kim et al,26 which investigated 
the status of intensive care for Korean elderly patients for 
a period of 1 month before death, those aged 75 years old 
accounted for approximately 68% (n=4272) of the study 
subjects. Additionally, the average age range of cancer 

decedents (n=248 978) who received treatments in EOL 
settings was 71–76 in a Japanese study.27 Such findings 
suggest that a large proportion of the older population 
over 70 years old are likely to receive high-intensity care 
in the final stages of their life.

The primary diagnoses at time of death for the sample 
were malignant neoplasm, heart disease and pneumonia. 
This is similar to 2019 Korean statistics showing the main 
causes of death among elderly adults over the age of 65 
as malignant neoplasm, heart diseases, pneumonia, cere-
brovascular diseases, liver diseases, diabetes mellitus and 

Table 1  Demographics of subjects (n=19 119)

Characteristics Categories n (%)

Age at death (years) 65–69 3490 (18.3)

70–74 4060 (21.2)

75–79 5056 (26.4)

80–84 4025 (21.1)

≥85 2488 (13.0)

M±SD (Min–Max) 76.62±6.82 (65–105)

Median (IQR) 76 (71–81)

Sex Male 10 994 (57.5)

Female 8125 (42.5)

Health insurance KNHI 17 698 (92.6)

MAP 1421 (7.4)

CCI (score) 0 12 898 (67.5)

1 4017 (21.0)

2 1535 (8.0)

≥3 669 (3.5)

M±SD (Min–Max) 0.49±0.83 (0–7)

Median (IQR) 0 (0–1)

Hospital length of stay (days) ≤10 10 561 (55.2)

11–20 4402 (23.0)

21–30 2344 (12.3)

>30 1812 (9.5)

M±SD (Min–Max) 13.18±12.82 (1–176)

Median (IQR) 9 (4–19)

Primary cause of death Malignant neoplasm 3784 (19.8)

Heart diseases 3406 (17.8)

Pneumonia 2061 (10.8)

Cerebrovascular diseases 1514 (7.9)

Chronic renal failure 391 (2.0)

Liver disease 327 (1.7)

Chronic lower respiratory diseases 180 (0.9)

Diabetes mellitus 75 (0.4)

Hypertensive diseases 10 (0.1)

Dementia 4 (0.0)

Others 7367 (38.5)

CCI, Charlson Comorbidity Index; KNHI, Korean National Health Insurance; MAP, medical aid programme of Korea.



5Lee Y, et al. BMJ Open 2021;11:e049711. doi:10.1136/bmjopen-2021-049711

Open access

Alzheimers.28 While average life expectancy has increased 
globally, quality of life may not yet extend until death. 
Specifically, the average life expectancy for Koreans 
was 82.7 years in 2019, but healthy life expectancy was 
64.4 years.29 This suggests that many older people may 
have to manage chronic disease approximately 15 years 
or more and potentially face EOL situations where they 
require intensive care.

The results indicate that a transfusion (68.9%) was 
the most frequently used treatment among older adults. 
Baek et al30 reported that approximately 45% of patients 
received a transfusion during the week before death. Kim 
et al31 also found that the most commonly prescribed inten-
sive treatment after a completing do-not-resuscitate order 
was a transfusion. Following transfusion, MV (50.6%) 
was also one of the main high-intensive care treatments 
received by older adults. The high use of MV is similar to 
the results of cohort studies in other countries. Approx-
imately 43%–69% of patients received MV during their 
terminal hospitalisation in the USA and Taiwan.4 32–35 
Contrary to these findings, patients did not prefer inva-
sive, device-dependent treatments such as MV,36–38 which 
suggests that the patient’s EOL treatment preference may 
not be well reflected in the actual treatment decision 
making. This may be because South Korea is a family-
centred country with Confucian values. In such a cultural 
context, families may feel that they should provide their 
spouses or older parents with all possible treatments avail-
able to fulfil the values of love or filial piety.39 Addition-
ally, EOL communication in South Korea is commonly 
avoided between families and clinicians until near the 
time of the patient’s death because of a cultural taboo 
related to talking about death and dying.40 Therefore, 
further study investigating whether the frequent use of 
high-intensity care reflects the patient’s treatment prefer-
ences and care goals is warranted.

The findings further indicate that the use of advanced 
mechanical organ support such as CPR, MV and ECMO 
decreased during the period 2016–2018, while conven-
tional medical support including chemotherapy and 
transfusion increased. This differs from the results of 
an ICU cohort study by Park et al,22 in which the use of 
conventional medical support decreased but advanced 

life support increased among adult patients from 2009 to 
2014. This difference might be due to the fact that the 
database used in this study was the most recent data from 
2016 to 2019. Moreover, in South Korea, the LST Decision 
Act14 has been implemented since 2018. There is insuffi-
cient evidence to claim that the Act has directly caused 
a change in the use of high-intensity care. However, as 
such social circumstances can affect the perceptions or 
attitudes of patients, families and clinicians about LST, it 
will be helpful to facilitate EOL discussions and ACP.

The mean EOL total medical cost was approximately 
$13 600 per decedent. This cost increased consistently, 
with high-intensity care costs accounting for approxi-
mately 8%–9% of total costs during the study period. Such 
an increase in medical costs is similar to the findings of a 
previous cohort study22 that analysed ICU admissions in 
South Korea. In an Australian cohort study,41 the average 
hospitalisation cost for decedents with cancer during the 
6 months before death was $A22 852 (US$18 281). Simi-
larly, the mean total healthcare cost for treatment during 
the last month before death was $2073 in older patients 
with liver cancer in Taiwan.4 It is difficult to directly 
compare the medical costs between countries due to the 
different health systems and medical environments in 
each country, but the costs incurred at the end of life are 
generally high. Moreover, many cohort studies reporting 
medical costs, including this study, partially analysed costs 
with codes for specific treatment or procedure. Given 
this, patients and their family members may actually have 
paid much more for medical material, devices and treat-
ments related to high-intensity care.

This study provides additional information on factors 
related to high-intensity EOL care and costs. The finding 
that older patients (over 75 years old) were less likely to 
use high-intensity care is similar to that of other cohort 
studies.26 35 41–43 The result that longer hospitalisation 
stays (more than 11 days) tended to increase the use of 
high-intensity care such as MV or transfusion and medical 
costs is similar to that of an Australian study.41 Addition-
ally, patients with malignant neoplasm, liver disease and 
chronic renal failure as a primary cause of death were 
more likely to receive high-intensity care at the end of 
life, which is supported by a cohort study conducted in 

Table 2  Annual usage of high-intensity care by type

Type of high-intensity care (n (%)) Total

Year

2016 (n=6009) 2017 (n=6163) 2018 (n=6710) 2019 (n=237)

CPR 3504 (18.3) 1066 (17.7) 1010 (16.4) 1391 (20.7) 37 (15.6)

MV 9672 (50.6) 3120 (51.9) 3061 (49.7) 3383 (50.4) 108 (45.6)

ECMO 230 (1.2) 79 (1.3) 73 (1.2) 76 (1.1) 2 (0.8)

HD 6834 (35.7) 2113 (35.2) 2171 (35.2) 2464 (36.7) 86 (36.3)

Transfusion 13 180 (68.9) 4155 (69.1) 4269 (69.3) 4590 (68.4) 166 (70.0)

Chemotherapy 567 (3.0) 165 (2.7) 185 (3.0) 203 (3.0) 14 (5.9)

CPR, cardiopulmonary resuscitation; ECMO, extra-corporeal membrane oxygenation; HD, haemodialysis; MV, mechanical ventilation.
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the USA.44 The cancer mortality rate increased from 
122.4 (per 100 000 population) in 2000 to 158.2 in 2019 
among Korean adults ≥65 years old.20 These patients were 
treated with multiple drugs and different procedures to 
manage their symptoms and comorbidities. According 
to the national data,45 a considerable number of Korean 
patients with cancer continued to receive intensive EOL 
care during their last year. In our study, the elderly popu-
lation who died from liver and heart diseases had signifi-
cantly higher odds of receiving a transfusion (AOR=3.05) 
and ECMO (AOR=11.78), respectively.

South Korea’s national health insurance system covers 
approximately 97% of the overall population, and most 
medical procedures are reimbursed on a fee-for-service 
basis.46 However, medical expenditures related to cancer 
and liver disease overburden patients, and their families, 
and the national health insurance system. In addition to 
the factors suggested in this study, researchers reported 
that institutional factors are related to high-intensity 
care and costs.26 47 Higher use of EOL intensive care was 
likely to be seen in tertiary hospitals located in metro-
politan areas.26 32 South Korea is a country with regional 
disparities in medical resources, and medical services are 
highly concentrated in the capital area.26 The differences 
according to the types of medical facility were not anal-
ysed because this study aimed to grasp the actual situation 
based on the data of medical institutions where intensive 
care is performed the most.

The results of this study should be interpreted with 
caution due to several limitations. First, this study only 
included older people treated at tertiary hospitals, so 
it may not be representative of samples in other hospi-
tals in South Korea. Moreover, HIRA data did not 
include detailed clinical and personal information such 
as behaviour factors or clinical test results. Therefore, 
the ability to adjust for severity in patients at the end 
of life was limited. Additionally, the data used in this 
study contain only the billing data requested from each 
hospital. Thus, data for patients that were not covered by 
healthcare insurance might have been excluded. Find-
ings in this study may differ from the treatments received 
by the actual patients. Despite the above limitations, this 
study is significant in that it is the first study to represent 
the recent status of high-intensity care using the national 
healthcare data while the LST Decisions Act14 was enacted 
in South Korea. The large population-based cohort data 
over an extended period of time also contribute to identi-
fying relevant patients to examine intensive care use and 
costs within a specified EOL period.

CONCLUSION
Findings in this study indicate the increasing trend of 
intensive care such as HD, transfusion and chemotherapy 
among the older population at the end of life. Such a 
trend leads to a surge in medical expenses and can burden 

Figure 1  Annual costs of medical care and high-intensity care between 2016 and 2019. 1US$=1200 Korean won (exchange 
rates as 15 September 2020).

Table 4  Annual costs of medical care and high-intensity care between 2016 and 2019

Year

Total medical care costs (US$) Costs of high-intensity care (US$)

M±SD F (p) M±SD F (p)

2016a 12 658.01±12 024.34 31.76 (<0.001) 1025.35±1673.01 15.52 (<0.001)

2017b 13 342.26±12 413.70 a<b< c,d 1059.88±1718.25 a,b<c,d

2018c 14 515.49±13 336.26 1151.81±1813.63

2019d 15 601.92±14 533.23 1346.15±1992.03

1 US$=1200 Korean won (exchange rates as 15 September 2020). All data were compared by one-way analysis of variance followed by post-
hoc Scheffé test.
a,b,c,and d are numerical values representing the mean of tatal medical care costs, respectively.
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both hospitals and the national medical system. The use 
of intensive care may continue to increase with societal 
ageing and the increasing prevalence of chronic diseases. 
Public and healthcare providers’ interest in intensive care 
at the end of life has increased since the LST Decisions 
Act came into force. Thus, there is a need for continuous 
assessment of intensive care use at the end of life, on 
which guidelines may be prepared for appropriate use of 
medical resources and to provide optimal care.
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