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Background: This study aimed to investigate the association between the Korean National Health
Insurance coverage benefit extension policy and clinical outcomes of patients who were ventilated
owing to various respiratory diseases.

Methods: Data from 515 patients (male, 69.7%; mean age, 69.8+12.1 years; in-hospital mortality
rate, 28.3%) who were hospitalized in a respiratory intensive care unit were retrospectively ana-
lyzed over 5 years.

Results: Of total enrolled patients, 356 (69.1%) had one benefit items under this policy during
their hospital stay. They had significantly higher medical expenditure (total: median, 23,683 vs.
12,742 US. dollars [USD], P<0.001), out-of-pocket (median, 5,932 vs. 4,081 USD; P<0.001), and a
lower percentage of out-of-pocket medical expenditure relative to total medical expenditure (me-
dian, 26.0% vs. 32.2%; P<0.001). Patients without benefit items associated with higher in-hospital
mortality (hazard ratio [HR], 2.794; 95% confidence interval [Cl], 1.980-3.941; P<0.001). In analy-
sis of patients with benefit items, patients with three items (“cancer," “tuberculosis," and “disabili-
ty") had significantly lower out-of-pocket medical expenditure (3,441 vs. 6,517 USD, P<0.001), and
a lower percentage of out-of-pocket medical expenditure relative to total medical expenditure
(17.2% vs. 27.7%, P<0.001). They were associated with higher in-hospital mortality (HR, 3.904;
950 Cl, 2.533-6.039; P<0.001).

Conclusions: Our study showed patients with benefit items had more medical resources and asso-
ciated improved in-hospital survival. Patients with the aforementioned three benefit items had
lower out-of-pocket medical expenditure due to the implementation of this policy, but higher
in-hospital mortality.
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INTRODUCTION

Patients receiving mechanical ventilation (MV) require various medical resources for a long
period of time in an intensive care unit (ICU). In addition, advances in the management of

acute critical care intervention have led to improvement of survival, which is associated with
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high medical costs. As a result, high out-of-pocket medical
expenditures place a severe financial burden on the families or
surrogates of patients.

To address the financial burden of healthcare, the Nation-
al Health Insurance (NHI) System was implemented in the
Republic of Korea (hereafter called Korea) in 1977 [1]. In this
system, the NHI program is a social insurance benefit scheme
that covers the whole population [1-3]. In addition to this in-
surance program, the Korean government has introduced a
health insurance benefit extension policy targeting the elderly,
pregnant women and newborns, Medicare recipients, and
individuals with severe illnesses, malignancies, and rare in-
curable diseases for payment relief [4]. The benefit items and
associated benefit rules under this policy have been imple-
mented, including extensions of benefit period, and improve-
ments of the medical reimbursement systems. This policy has
been expanded to provide medical assistance without causing
patients severe financial difficulties.

As a result of improvements in critical care medicine, many
patients receiving ventilator care require various medical re-
sources for a long time in an ICU, which is associated with high
medical expenditures. In the present study, we hypothesized
that the expansion of benefit items and revision of associated
rules would be associated with beneficial outcomes for pa-
tients requiring MV, and that the clinical courses and outcomes
of these patients would differ according to the various benefit
items under this policy. In literature, however, few studies have
investigated associations between the NHI benefit extension
policy and clinical outcomes of critically ill Korean patients.
Therefore, the present study aimed to investigate the current
status of benefit items under this policy and the association
between these benefit items and clinical outcomes of critically
ill NHI beneficiaries who received ventilator care owing to var-
ious respiratory diseases.

MATERIALS AND METHODS

Study Design and Patient Selection

This retrospective, observational study was conducted in the
12-bed adult respiratory ICU of a regional center for respirato-
ry diseases that was established in December 2015. This cen-
ter is located in a 1,200-bed university-affiliated tertiary care
hospital. The respiratory ICU has full cardiovascular facilities
and close airway monitoring equipment, with the nurse-to-
bed ratio is 1:3. All subjects were managed according to thera-

peutic recommendations based on a lung-protective ventila-
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KEY MESSAGES

= The Korean National Health Insurance benefit ex-
tension policy was associated with lower in-hospital
mortality of National Health Insurance beneficiaries
requiring ventilator care.

= In analysis of patients with benefit items, patients with
three items (“cancer,” “tuberculosis,” and “disability”)
had a significantly lower percentage of out-of-pocket
medical expenditure relative to total medical expendi-
ture, but higher in-hospital mortality.

tor strategy [5].

Data from patients who were admitted to the respiratory ICU
between December 1, 2015, and November 30, 2020, were ret-
rospectively evaluated. The survival status of all patients was
obtained until March 10, 2021. All adult subjects (=18 years
of age) admitted to ICU were assessed for eligibility. Patients
who required ventilator care for more than 24 hours and who
required ventilator care primarily due to respiratory diseases
were included. Medical Aid (MA) beneficiaries were excluded
because MA provides healthcare benefits to low-income fam-
ilies and sets an upper limit for out-of-pocket medical expen-
diture based on the National Basic Living Security Act [6,7]; the
NHI benefit extension policy would be little effect on clinical
outcomes in these patients. Patients were also excluded if they
had not received ventilator care, had other minor types of in-
surance such as automobile insurance and industrial accident
compensation insurance, had no insurance, or information
about their insurance was lacking. Private insurance programs
were not analyzed in this study (Figure 1).

The relevant medical, laboratory, and radiologic data were
extracted and used to fill out a case report form for each pa-
tient. These data were then analyzed. The study protocol was
approved by the Institutional Review Board of Pusan National
University Hospital (IRB No. 2104-010-101). Owing to the
observational nature of the study, the need for informed con-
sent from enrolled subjects or their families or surrogates was
waived. This study had no impact on the treatment of the en-
rolled patients.

Data Collection

Demographic and clinical data, including age, sex, body mass
index, length of stay (LOS) in the ICU and hospital, and dura-
tion of MV, were retrospectively obtained from the electronic
medical records (EMRs) of each subject. Illness severity was
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641 Assessed for eligibility

A,

126 Excluded
101 Medical Aid beneficiaries

—> 15 Automobile insurance beneficiaries

7

9 Industrial accident compensation insurance beneficiaries
1 Without any insurance benefit

515 Final analysis

369 Survivors

268 Health insurance 101 Health insurance
benefit items: Yes benefit items: No

Figure 1. Flowchart of patient selection and clinical course.

measured using the Acute Physiology and Chronic Health
Evaluation (APACHE) II score, and accompanying organ failure
was assessed using the Sequential Organ Failure Assessment
(SOFA) score [8,9]. The APACHE II and SOFA scores were cal-
culated from laboratory and clinical data obtained within the
first 24 hours of ICU admission. On admission, the underlying
comorbidities of all enrolled subjects were gathered from
EMRs. In addition, to determine concurrent comorbidities
prior to admission, Charlson’s weighted index of comorbidi-
ties (WIC) was evaluated from EMRs [10]. The primary reason
for ventilator care at the time of ICU admission, and whether
attending physicians discussed life-sustaining therapy (with-
drawing or withholding ICU care) with patients’ families or
surrogates were also evaluated from the medical records. ICU
and in-hospital mortality after ICU admission was assessed.
The primary outcome measure was in-hospital mortality.

To evaluate the association between medical expenditure
per patient and clinical outcomes, total and out-of-pocket
medical expenditure for all medical resources (including all
medicines) during the hospital (ICU and general ward) stay
was retrieved from the EMRs of each subject with the permis-
sion of the IRB. Expenditure is presented in U.S. dollars (USD)
using an exchange rate of 1 USD equaling 1,140.10 Korean won
(exchange rate on March 10, 2021). Also, the main applicable
benefit items under the NHI benefit extension policy to reduce
each patient’s out-of-pocket medical expenditure during their
hospital stay were evaluated.
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146 Non-survivors

—

88 Health insurance 58 Health insurance
benefit items: Yes benefit items: No

Statistical Analysis

Continuous variables are expressed as the meantstandard
deviation (SD) if they had a normal distribution, or median
with interquartile range. The Student t-test and Wilcox rank-
sum test were used to compare continuous variables with a
normal distribution and variables with a non-normal distri-
bution, respectively. Categorical variables are expressed as
numbers (percentages) and were compared using the chi-
square test or Fisher’s exact test (for small numbers), as appli-
cable. Pearson’s correlation coefficient (y) was calculated to
evaluate the relationship between medical expenditure (total
and out-of-pocket) per person and LOS (in the hospital and
ICU. Univariate proportional hazard models were developed
to determine the relationship between healthcare insur-
ance benefit items and in-hospital mortality. Variables with
P<0.10 were included in multivariate Cox proportional hazard
models. Hazard ratios with 95% confidence intervals are re-
ported. Kaplan-Meier estimates of in-hospital mortality were
stratified according to health insurance benefit items status,
and curves were compared using log-rank test. All tests were
two-tailed, and P-values <0.05 were considered statistically
significant. All analyses were performed using the language R
(http://cran.r-project.org) version 4.0.5, and additional pack-
ages (survival).
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RESULTS

Characteristics of Total Patients
During the study period, 924 patients were admitted to re-

spiratory ICU. After application of exclusion criteria, 515 pa-
tients were eligible for participation (Figure 1). Their ICU and
in-hospital mortality rate was 22.9% and 28.3%, respectively.
The most common diagnosis leading to MV was pneumonia
(87.2%). Chronic lung diseases (such as chronic obstructive
pulmonary disease, interstitial lung disease, and destroyed
lung caused by various origins) were the most common
underlying diseases. The median total and out-of-pock-
et medical expenditures during hospital stays were 19,986
(range, 2,560-573,591) and 5,319 (range, 703-134,199) USD,

T

respectively. The median percentage of out-of-pocket medical
expenditure relative to total medical expenditure was 28.3%
(range, 8.3%-86.3%). There was a positive correlation between
medical expenditure (total and out-of-pocket) and hospital
LOS (y=0.944, P<0.001 and y=0.875, P<0.001, respectively). In
total, 356 (69.1%) of NHI beneficiaries had benefit items under
the NHI benefit extension policy.

Comparisons between Patients with and without Benefit
Items under Health Insurance Benefit Extension Policy
The clinical characteristics of patients with and without benefit

items are compared in Table 1. Patients with benefit items had
a significantly longer hospital and ICU LOS, higher medical ex-
penditure (total and out-of-pocket), a lower percentage of out-

Table 1. Clinical characteristics of total patients and comparisons between with and without National Health Insurance benefit items

Health insurance benefit item

Variable Total (n=515) Yes (n=356) No (1=159] P-value®
Male 359 (69.7) 256 (71.9) 103 (64.8) 0.128
Age (yr) 69.8+12.1 69.3+12.2 70.9+£11.8 0.149
BMI (kg/m?) 215438 21.6+4.6 21.2+4.9 0.356
ICU LOS (day) 11 (6-18) 12 (7-19) 8 (5-15) <0.001
MV LOS (day) 9 (4-18) 11 (5-19) 6 (3-14) <0.001
Hospital LOS (day) 25 (13-45) 31 (19-53) 13 (7-24) <0.001
APACHE Il score” 21.6+6.7 21.5+6.4 21.647.4 0.893
SOFA score” 7.743.1 76429 8.143.5 0.1
Main diagnosis leading to MV: pneumonia 449 (87.2) 309 (86.8) 140 (88.1) 0.802
Comorbidity
Chronic lung disease 196 (38.1) 137 (38.5) 59 (37.1) 0.842
Diabetes 175 (34.0) 127 (35.7) 48 (30.2) 0.266
Cardiovascular disease 163 (31.7) 111 (31.2) 52 (32.7) 0.809
Chronic neurological disease 152 (29.5) 104 (29.2) 48 (30.2) 0.905
Solid malignant tumor 96 (18.6) 77 (21.6) 9(11.9) 0013
Chronic kidney disease 57 (11.1) 45 (12.6) 2(7.5) 0.121
Connective tissue disease 38(7.4) 34 (9.6) 4(2.5) 0.003
Chronic liver disease 23 (4.5) 15 (4.2) 8 (5.0) 0.854
Hematological malignancy 5(1.0) 4(1.1) 1(0.6) >0.999
Total medical expenditures (USD)" 19,986 (11,959-32,104) 23,683 (15,098-36,597) 12,742 (8,790-22,118) <0.001
Out-of-pocket medical expenditures (USD)® 5319 (3,136-8,488) 5932 (3,421-8,801) 4,081 (2,717-7,268) <0.001
Ratio of out-of-pocket for total medical expenditures (%o) 28.3 (22.0-32.6) 26.0(18.8-30.2) 32.2 (28.6-35.9) <0.001
Tracheostomy at hospital discharge 308 (59.8) 238 (66.9) 70 (44.0) <0.001
Discussion with attending physicians about withdrawing or 168 (32.6) 99 (27.8) 69 (43.8) <0.001
withholding life-sustaining treatment
In-hospital mortality 146 (28.3) 88 (24.7) 58 (36.5) 0.009

Values are presented as number (9o), mean+standard deviation, or median (interquartile range).
BMI: body mass index; ICU: intensive care unit; LOS: length of stay; MV: mechanical ventilation; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA:

Sequential Organ Failure Assessment; USD: U.S. dollars.

*Comparisons between patients with and without health insurance benefit items; Al clinical data were calculated or obtained from medical records on the day
of ICU admission; Total and out-of-pocket medical expenditure for all medical resources used (including all medicines) during ICU and general ward stays was

retrieved.
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of-pocket medical expenditure relative to total medical expen-
diture, and lower in-hospital mortality than patients without
benefit items.

Comparisons of Clinical Outcomes According to Benefit

Items under Health Insurance Benefit Extension Policy
Nine benefit items were applied to NHI beneficiaries, and the
most common benefit item was “long-term hospitalization”
(Figure 2). Patients with three benefit items (“cancer,” “tuber-
culosis,” and “disability” categorized as group A) had signifi-
cantly higher in-hospital mortality than patients with other
benefit items (categorized as group B). Patients with these
benefit items had significantly higher APACHE II and SOFA
scores, a higher Charlson’s WIC, and a lower percentage of
out-of-pocket medical expenditure relative to total medical
expenditure. Furthermore, families or surrogates of patients
with these benefit items had significantly more discussions
with their attending physicians about life-sustaining therapy
(Table 2).

Association between Healthcare Insurance Benefit Items
and In-hospital Mortality

Univariate and multivariate Cox regression were constructed
to evaluate the association between healthcare insurance ben-

Long-term hospitalization (n=187)
Rarely incurable (n=69)

Cancer (n=55)

Tuberculosis (h=16)

Secondary poor? (n=12)

Disability with secondary poor?® (n=6)
Hemodialysis (n=5)

Severely ill (n=4)

Disability (n=2)

T

efit items and in-hospital mortality in total enrolled patients
(Table 3). We found patients without benefit items were sig-
nificantly associated with higher in-hospital mortality. The Ka-
plan-Meier estimate of survival was consistent with a survival
benefit of benefit items (Figure 3A). In further analysis of pa-
tients with benefit items, Group A showed a significant associ-
ation with higher in-hospital mortality. Also, the Kaplan-Meier
estimate of survival was consistent with a survival benefit of

group B (Figure 3B).

DISCUSSION

The present study evaluated the association between the NHI
benefit extension policy and clinical outcomes of NHI benefi-
ciaries requiring ventilator care owing to respiratory diseases.
Furthermore, we investigated the differences of clinical out-
comes according to various benefit items. To our knowledge,
this is the first study to analyze the clinical characteristics and
outcomes of ventilated patients under this policy in Korea.

We found that about 70% of total enrolled patients were
eligible for one benefit during their hospital stay, and these pa-
tients used more medical resources, reflected by total medical
expenditures, and their in-hospital mortality was lower than
that of patients who were ineligible for benefits. Our findings

54.5

56.2

0 10

20 30 40 50

60 (%)

Figure 2. Benefit items under the health insurance benefit extension policy and medical expenditure. ®The secondary poor is a class of people who
are economically similar to or slightly better off than the poor. They are potentially poor, but cannot receive some benefits available to Medical Aid
beneficiaries because their income exceeds the minimum cost of living due to their ability to work and they have some fixed property.
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Table 2. Comparison of clinical characteristics according to benefit items under health insurance benefit extension policy

Health insurance benefit item

Variaole Group A (n=73) Group B (n=283) Prvalue
Male 59 (80.8) 197 (69.6) 0.079
Age >65 yr 49 (67.1) 217 (76.7) 0.128
APACHE Il score® 229+6.8 21.246.3 0.060
SOFA score® 8.6+2.9 73429 0.001
BMI [kg/mz) 21.1£3.7 21.844.3 0.146
Main diagnosis leading to MV: pneumonia 58 (79.5) 251 (88.7) 0.059
Charlson's WIC 3.4+18 2.7+1.8 0.006
Tracheostomy at hospital discharge 39 (53.4) 199 (70.3) 0.009
ICU LOS 11 (5-19) 12 (8-19) 0.117
MV LOS 11 (4-18) 11 (5-19) 0.334
Hospital LOS 24 (13-54) 33 (21-53) 0.010
Total medical expenditure (USD)" 21,036 (12,554-34,026) 23,772 (15,446-36,622) 0.327
Out-of-pocket medical expenditure (USD)° 3,441 (2,254-7,139) 6,517 (4,263-9,602) <0.001
Out-of-pocket medical expenditure relative to total medical expenditure (%) 17.2 (13.7-21.0) 27.7 (21.9-31.1) <0.001
Discussion with attending physicians about withdrawing or withholding 41 (56.2) 58 (20.5) <0.001
life-sustaining treatment
In-hospital mortality 40 (54.8) 48 (17.0) <0.001

Values are presented as number (%), meanzstandard deviation, or median (interquartile range). Group A includes following benefit items: cancer, tuberculosis
and disability. Group B includes following benefit items: long-term hospitalization, rarely incurable, secondary poor, secondary poor with disability, hemodialysis,
and severely ill.

APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; BMI: body mass index; MV: mechanical ventilation; WIC:
weighted index of comorbidities; ICU: intensive care unit; LOS: length of stay; USD: U.S. dollars.

°All clinical data were calculated or obtained from medical records on day of ICU admission; *Total and out-of-pocket medical expenditures for all medical
resources used (including all medicines) during ICU and general ward stay were retrieved.
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Figure 3. Kaplan-Meier curves of survival curves of in-hospital survival after intensive care unit admission according to the presence or absence
of health insurance benefit items in total enrolled patients (Log-rank, 37.7; P<0.001) (A) and according to categorized as group A or B in patients
with health insurance benefit items (Log-rank, 46.3; P<0.001) (B). Group A includes following benefit items: cancer, tuberculosis and disability.
Group B includes following benefit items: long-term hospitalization, rarely incurable, secondary poor, secondary poor with disability, hemodialysis,
and severely ill.
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Table 3. Univariate and multivariate analysis of factors associated with in-hospital mortality in total patients and subjects with health insurance

benefit items

Univariate analysis

Multivariate analysis

Factor HR (95% C) P-value HR (95% Cl) P-value
Total patients
Patients without health insurance benefit items 2.805 (1.993-3.947) <0.001 2.794 (1.980-3.941) <0.001
SOFA score® 1.175 (1.112-1.241) <0.001 1.138 (1.068-1.212) <0.001
Age 65 yr 1.465 (0.958-2.242) 0.078
Patients with health insurance benefit items®
Group A 3.951 (2.583-6.045) <0.001 3.904 (2.533-6.039) <0.001
SOFA score® 1.107 (1.028-1.192) 0.007

Statistical significance was tested by univariate Cox proportional hazards models and multivariate Cox hazards models.

HR: hazard ratio; Cl: confidence interval; SOFA: Sequential Organ Failure Assessment.

°All clinical data was calculated or checked from; "Patients were divided into two groups (group A includes following benefit items: cancer, tuberculosis and
disability. Group B includes following benefit items: long-term hospitalization, rarely incurable, secondary poor, secondary poor with disability, hemodialysis, and

severely ill).

suggest that the health insurance benefit range of this policy
should be adjusted so that ventilated patients can effectively
receive quality healthcare services without facing any financial
burden because universal healthcare coverage is also a key
concern of critically ill patients [4,11]. Furthermore, it would
be necessary for critical care physicians to consider the benefit
items and out-of-pocket medical expenditure of patients when
discussing future treatment planning with their families or
surrogates.

In further analyses of patients with benefit items, clinical
characteristics and outcomes differed according to benefit
items under this policy. Although patients with group A ben-
efit items received significant financial benefits, reflected by
a significantly lower percentage of out-of-pocket medical ex-
penditure relative to total medical expenditure than patients
with group B benefit items, they had significantly more severe
illness and accompanying organ failure at ICU admission and
higher in-hospital mortality. Our study indicates that simply
reducing out-of-pocket expenditure by implementing this pol-
icy would not markedly affect the survival of these patients.

In our study, we tried to investigate whether the NHI ben-
efit extension policy and benefit items under this policy were
useful prognostic indicators. For assessing prognosis, various
clinical and demographic indicators should be considered,
however, we could not comprehensively do this because our
study had a single-center retrospective design and included
a small number of patients. Furthermore, the present study
indicates in-hospital mortality differed according to benefit
items and associated benefit rule. In particular, the clinical
outcomes of patients with the benefit item “cancer (solid and

Acute and Critical Care 2022 February 37(1):53-60

hematologic malignancies)” differ depending on the type and
stage. Therefore, additional studies including a large number
of patients are needed to determine whether each benefit item
under this policy would be a valuable prognostic indicator in
critical ill ventilated patients.

Our study has several limitations. First, we hypothesized
the family support and socioeconomic status of each patient
would be associated with clinical outcomes, however, we
could not evaluate this because our study had an observation-
al retrospective design. Second, we investigated the effect of
the NHI benefit extension policy on patients requiring venti-
lation due to respiratory diseases. However, the relationships
between this policy and clinical outcomes may differ in pa-
tients requiring ventilation for other reasons. Further studies of
heterogeneous populations are needed to evaluate the effect
of this policy on clinical outcomes. Finally, this study was per-
formed in one hospital, and the sample size was small; there-
fore, our results may not represent the general situation in
Korea. However, considering that our institution is one of the
best-equipped hospitals in our country, and that the health in-
surance benefit expansion policy and associated benefit rules
apply across Korea, the situation in other Korean hospitals is
likely similar to that in our hospital.

In conclusion, analysis of the Korean NHI coverage ben-
efit extension policy in ventilated patients showed that this
policy increased the use of medical resources and associated
improved in-hospital mortality of NHI beneficiaries. Further-
more, the percentage of out-of-pocket medical expenditure
relative to total medical expenditure and in-hospital mortality
differed according to benefit items under this policy. Large-
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scale multicenter studies are required to determine the effect

of this policy on clinical outcomes of patients requiring venti-

lator care due to reasons other than respiratory diseases.
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