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Dear Sir:

Meta-analyses of pivotal randomized trials confirmed the ben-
efit of intravenous thrombolysis (IVT) and mechanical throm-
bectomy (MT) in patients with acute ischemic stroke.'? In addi-
tion to the treatment effect, the cost saved with the efficacy-
proven therapy should be considered in healthcare policy mak-
ing for resource allocation and reimbursement. Earlier studies
have already shown that IVT and MT are clearly cost-effective,
but the magnitude of cost saving likely differs according to in-
dividual healthcare systems. This study aimed to estimate the
5-year cumulative cost savings based on 3-month modified
Rankin Scale (mRS) disability with IVT and MT in the Korean
healthcare setting.

For hypothetical 3-month mRS level distributions of patients
treated with IVT versus without IVT and with MT and without
MT, we used data of representative meta-analyses of clinical
trials of IVT and MT.'? For the 5-year cumulative cost for each
3-month mRS level, we used data of a recently published Ko-
rean study that linked individual patient-level data of 3-month
mRS levels prospectively captured in a large multicenter pro-
spective registry with their direct healthcare costs from the
National Health Insurance Service claim database. The direct
cost included expenses for inpatient care, outpatient care, pre-
scribed medication, and long-term care. In that study, the esti-
mated 5-year cumulative cost was US dollar (USD) 53,578 for
mRS 0, USD 56,059 for mRS 1, USD 108,892 for mRS 2, USD
201,562 for mRS 3, USD 279,188 for mRS 4, USD 257,486 for
mRS 5, and USD 28,866 for mRS 6.2

From these data, we generated an average 5-year cumula-
tive cost saving per patient with IVT or MT when the additional

expense for IVT or MT procedure was not considered. Then, we
subtracted the additional expense for IVT or MT procedure paid
by the Korean National Health Insurance. Currently, there are
two payment systems in Korea: one is the new diagnostic-re-
lated groups (DRG)-based payment system which is effective
since January 2020, and the other is the fee-for-service (FFS)-
based payment system. For additional expenses for IVT and MT,
we used data of acquisition cost and/or reimbursement paid by
the Korean National Health Insurance. For IVT, it was USD O
with the new DRG-based payment system (currently, no addi-
tional payment for IVT compared to no IVT) and USD 1,179
(USD 970 for actilyse cost and USD 209 for IVT procedure) with
the FFS-based payment system. The estimated additional ex-
pense for MT procedure (including cost for thrombectomy de-
vice and ancillary costs for neurointervention) was USD 9,714
with the new DRG-based payment system and USD 6,463 with
the FFS-based payment system. As in the previous study, costs
were adjusted to 2015 prices using the Consumer Price Index
of health care (Statistic Korea Consumer Price Index in January
2018), and the Korean won (KRW) was converted to 2015 USD
using the purchasing power parity method (USD 1 equals KRW
871; 2018 Organization for Economic Co-operation and Devel-

opment data, purchasing power parities).**

Because this study
used publicly available data, the approval of Institutional Re-
view Board was not required.

Table 1 shows the mRS distributions of the comparative
groups reported in the meta-analyses of clinical trials and the
calculated 5-year cumulative costs for each group. For IVT, the
estimated 5-year cumulative cost per 100 patients was USD
12,063,751 with IVT and USD 13,156,981 without IVT, indicat-

ing a cost saving per 100 patients of USD 1,093,230 when the
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Five-year cumulative cost savings with IVT and MT
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mRS distribution (%)

5-Year cumulative cost for 100 patients (USD)  Cost saving per patient

Control IVT/MT Control IVT/MT (USD)

VT

mRS

0 12.4 17.2 664,367 921,542

1 16.6 19.5 930,579 1,093,151

2 13.1 1.5 1,426,485 1,252,258

3 133 135 2,680,775 2,721,087

4 14.5 9.9 4,048,226 2,763,961

5 1.1 109 2,858,095 2,806,597

6 19.0 17.5 548,454 505,155

Total 100.0 100.0 13,156,981 12,063,751
Cost saving per patient (USD)

DRG-based payment system 10,932

FFS-based payment system 9,753
MT

mRS

0 5.0 10.0 267,890 535,780

1 7.9 16.9 442,866 947,397

2 13.6 19.1 1,480,931 2,079,837

3 16.4 16.9 3,305,617 3,406,398

4 24.7 15.6 6,895,944 4,355,333

5 135 6.2 3,476,061 1,596,413

6 18.9 123 545,567 441,650

Total 100.0 100.0 16,414,876 13,362,808
Cost saving per patient (USD)

DRG-based payment system 20,807

FFS-based payment system 24,058

Five-year cumulative costs for 100 patients without including additional expense for IVT or MT were calculated by (each mRS proportionx 100)x(5-year cu-
mulative cost for each mRS level). Cost saving per patient was calculated by (5-year cumulative costs for 100 patients)/100-(additional expense for IVT or
MT).

IVT, intravenous thrombolysis; MT, mechanical thrombectomy; mRS, modified Rankin Scale; USD, US dollar; DRG, diagnostic-related group; FFS, fee-for-ser-

vice.

additional expense for IVT was not considered. After including
the additional expense for IVT, the estimated 5-year cumula-
tive cost saving per patient was USD 10,932 (USD 10,932-USD
0) with the new DRG-based payment system and USD 9,753
(USD 10,932-USD 1,179) with the FFS-based payment system.

For MT, the estimated 5-year cumulative cost per 100 pa-
tients without considering the additional expense for MT was
USD 13,362,808 with MT and USD 16,414,876 without MT, and
the difference was USD 3,052,068. After including the addi-
tional expense for MT, the estimated 5-year cumulative cost
saving per patient was USD 20,807 (USD 30,521-USD 9,714)
with the new DRG-based payment system and USD 24,058
(USD 30,521-USD 6,463) with the FFS-based payment system.

https://doi.org/10.5853/j0s.2020.00556

The cumulative cost saving per patient over the 5-year peri-
od is displayed in Figure 1 (Supplementary Table 1 presents the
estimated cumulative cost per patient by year with IVT and MT
compared to control). Over the 5-year period, it gradually in-
creased for both IVT and MT therapies. For MT, the cost saving
with the DRG-based payment system was USD 1,915 during
the first year when the additional expense for MT should be
subtracted. However, after the first year, it substantially in-
creased because of the effect of favorable shift of mRS disabil-
ity levels with MT on the cumulative cost saving. The slope of
the 5-year cumulative cost saving looks greater with MT than
with IVT, reflecting the greater treatment effect of MT com-
pared to IVT.
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Cumulative cost savings (US dollar [USD]) per patient with intravenous thrombolysis (IVT) and mechanical thrombectomy (MT) costing over time. (A)
Diagnostic-related group (DRG)-based payment system applied. (B) Fee-for-service (FFS) based payment system applied.

Previously, cost savings with interventions were generally
derived from modeling based on substantial assumptions. In
contrast, our estimation has an advantage of derivation from
the actual costs and the real post-stroke disability levels of in-
dividual patients. Therefore, our results would provide a trans-
parent and scientific foundation to guide our healthcare policy
making for reperfusion therapies.

An intervention that costs less than the national annual
gross domestic product (GDP) per capita for one quality-ad-
justed life-year (QALY) gained is considered highly cost-effec-
tive.® In 2018, the annual GDP per capita in Korea was USD
31,363, which could be a rough reference point for very cost-
effective interventions. It has been well demonstrated that
both IVT and MT therapies yield a significant gain of QALYs or
other related heath outcome metrics. In this study, the esti-
mated 5-year cumulative cost was even lower with both IVT
and MT, which indicates that these interventions are enor-
mously cost-effective.

For the validity of our estimations, it would be instructive to
compare our findings with previous ones. Because of the dif-
ferences in absolute healthcare costs between Korea and US
and time horizon between studies, a value of relative cost sav-
ing with each intervention ([cost saving with intervention]/
[cost without intervention]x100), rather than an absolute cost
saving would be a more comparable index. In United States
studies, the relative cost saving for a lifetime horizon was 8.0%
with IVT (the lifetime medical cost for base case: USD 287,400
with IVT vs. USD 312,400 without IVT),® and the relative cost
saving with MT plus IVT as compared to IVT only for a dis-
counted life-expectancy (9.13-year with MT plus IVT and 7.92
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with IVT only) was 9.7% (for base case: USD 215,781 with MT
plus IVT vs. USD 238,984 with IVT only).” In our study, the rela-
tive cost saving was 8.3% with IVT and 12.7% with MT. Despite
the differences in the time duration (5 years in our study and
lifetime or life-expectancy period in United States studies) and
the absolute healthcare costs, the estimates of relative cost
savings with IVT and MT look comparable between our and
United States studies.

In Korea, the annual incidence of ischemic stroke is approxi-
mately 80,000, and the proportion of patients treated with re-
perfusion therapy is about 10% for IVT and 3.3% for MT.5*
Therefore, the nationwide annual cost saving during subse-
quent 5 years would be USD 87,458,424 with IVT and USD
54,930,480 with MT. Given their substantial benefits on soci-
etal burden, the resource allocation and reimbursement for
these therapies should be made accordingly.

This study has several limitations. The current estimation
considered the direct healthcare cost only without including
indirect costs, and thereby likely underestimates the real bene-
fit of cost saving with these therapies. The more people die
early, the less the long-term cost would be incurred. Therefore,
our results from analyzing cost only does not fully reflect the
societal benefit of reperfusion therapy that reduces mortality
as well as disability. A majority of patients enrolled in throm-
bolytic clinical trials were Western populations, and thereby
the magnitude of benefit observed in the trials might not be
equally applicable to Korean populations. However, a previous
registry study showed that the benefit of thrombolysis ob-
served in Korean patients was comparable to that seen in
Western populations.’ Patients who unlikely benefit from

https://doi.org/10.5853/j0s.2020.00556
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thrombolysis (moderate-to-severe pre-stroke disability or very
elderly) are usually excluded from clinical trials, but are fre-
quently encountered and treated in real world practice. There-
fore, our estimation based on the mRS distributions observed
in clinical trials might overestimate the cost savings. The cur-
rent estimation was generated in Korean healthcare setting,
which is not directly applicable to other healthcare settings.
However, the relative cost saving with IVT or MT might be rele-
vant to other healthcare systems.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2020.00556.
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Supplementary Table 1. Cumulative cost per patient by year with IVT and MT compared to control

Cumulative cost by year (USD)

Control vs. IVT Control vs. MT
Control IVT-DRG IVT-FFS Control MT-DRG MT-FFS
Year

1 45,553 41,806 42,985 55,847 53,932 50,681
2 70,127 64,086 65,265 87,348 78926 75,675
3 92,362 84,468 85,647 115,228 101,989 98,738
4 112,089 102,765 103,944 139,509 122,830 119,579
5 131,570 120,638 121,817 164,149 143,342 140,091

IVT, intravenous thrombolysis; MT, mechanical thrombectomy; USD, US dollar; DRG, diagnostic-related group; FFS, fee-for-service.
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