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Abstract

Background Recently, the endovascular treatment (EVT) of acute ischemic stroke has made significant progress
in many aspects. Intravenous thrombolysis (IVT) is usually recommended before endovascular treatment in clinical
practice, but the value of the practice is controversial. The latest meta-analysis evaluation was that the effect of EVT
versus EVT plus IVT did not differ significantly. The cost-effectiveness analysis of EVT plus IVT needs further analysis.
This study assesses the health benefits and economic impact of EVT plus IVT in Shandong Peninsula of China.

Method We followed a cross-section design using the Chinese-Shandong Peninsula public hospital database
between 2013 and 2023. The real-world costs and health outcomes were collected through the Hospital Information
System (HIS) and published references. We calculated incremental cost-effectiveness ratios (ICERs) from the
perspective of Chinese healthcare using the complex decision model to compare the costs and effectiveness
between EVT versus EVT +IVT. One-way and Monte Carlo probabilistic sensitivity analyses were performed to assess
the robustness of the economic evaluation model.

Results EVT alone had a lower cost compared with EVT+IVT whether short-term or long-term. Until 99% dead of

AlS patients, the ICER per additional QALY was RMB696399.30 over the willingness-to-pay (WTP) threshold of 3x gross
domestic product (GDP) per capita in Shandong. The probabilistic sensitivity analysis of 3 months, 1 year and long-
term horizons had a 97.90%, 97.43% and 96.89% probability of cost-effective treatment under the WTP threshold
(1xGDP). The results of the one-way sensitivity analysis showed that direct treatment costs for EVT alone and EVT+IVT
were all sensitive to ICER.

Conclusions EVT alone was more cost-effective treatment compared to EVT+IVT in the Northeast Coastal Area of
China. The data of this study could be used as a reference in China, and the use of the evaluation in other regions
should be carefully considered.
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Background

Stroke is the second leading cause of death worldwide,
the third leading cause of combined disability death and
the number one cause of disability-adjusted life years
(DALYs) in China [1]. As the most common type of
cerebrovascular disease in China. ischemic stroke (IS)
accounted for 83% of the hospitalized patients with cere-
brovascular diseases in 2019, with an annual recurrence
rate ranging between 9.6 and 17.7% [2—4]. The per capita
hospitalization medical expenses for IS in China have
shown an increasing trend since 2010, with the per capita
hospitalization expenses for IS rising from RMB9824 in
2020 to RMB10740 in 2021, a year-on-year increase of
9.32% [5, 6].

With a therapeutic time window of 8 h for acute isch-
emic stroke (AIS) treatment, endovascular thrombolysis
(EVT) and intravenous thrombolysis (IVT) treatments
are regularly used clinically to remove the thrombus [7].
Recent Chinese clinical evidence suggests that EVT is
more effective than intravenous thrombolysis (IVT) with
less complications and lower mortality [8]. However, we
should aware that EVT may cause ischemia - reperfu-
sion (I/R) damage while restoring blood flow to the isch-
emic organ, with the risk of prolonging the prognosis of
AIS. Appropriate treatment techniques are key for AIS
patients to benefit fully from endovascular therapy, atten-
uate catastrophic health expenditures and economize on
healthcare costs.

Diaz et al. evaluated mechanical thrombectomy (MT)
as one way EVT can lead to better health outcomes
per AIS patient and achieve cost savings from first pass
effect (FPE), or complete/near revascularisation of the
large-vessel occlusion [9]. Clinical evidence from China
associates achieving FPE with good outcomes after MT
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surgery [10, 11]. Aronsson et al. showed adding throm-
bectomy with stent retrievers improved quality-adjusted
life-years (QALY) and delivered cost savings of approxi-
mately US$221 per patient [12]. Recent studies of carotid
endarterectomy (CEA) after EVT showed high long-
term outcomes compared with IVT alone and standard
care (SC) [13-15] and the proven long-term benefits of
EVT always offset the high costs on surgery. In develop-
ing countries like China, the economic factor is one of
the important concerns that patients and their families
consider when choosing a treatment plan for chronic dis-
eases [16, 17]. Therefore, it is important to evaluate the
cost-effectiveness of EVT alone versus EVT+IVT for AIS
patients over their lifetime in China.

Method

Model structure

Figure 1 depicted the health economic decision model for
AIS patients, comprising EVT alone versus EVT+IVT for
their life horizon. In the first three months of their treat-
ment, a decision tree model was designed and grouped
by EVT alone versus EVT+IVT. For each treatment, we
used the Chinese Modified Ranking scale (mRS) to define
three states including good outcome (mRS 0-2); poor
outcome (mRS 3-5); or death (mRS 6). We considered 90
days as the initial cycle, and then all survivors entered the
Markov model until 99% of AIS patients died, using every
three months as a cycle [18, 19]. AIS patients’ median age
of EVT alone was 71 years (IQR 62-78) and EVT+IVT
was 70 (IQR 62-78) [19]. The decision tree model plus
the Markov state-transition model was conducted in
Excel 2013 [20].
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Model input parameters and data

Based on a EVT-IVT meta-analysis of six randomised tri-
als [19], we selected the proportions of patients in differ-
ent mRS states at the end of 3 months and the recurrent
rate at the baseline as shown in Table 1. We assumed the
Markov model with the recurrent patients between mRS
0-2 and mRS 3-5 in the first year and the recurrent treat-
ment pattern was the same as the first stroke treatment
[21, 22]. After the first year, AIS patients could remain in
their current state (mRS0-2 or mRS3-5), transfer to the
recurrent state, or die due to the non-stroke causes every
three months. The dependent patients remained in their
health state or death and the probabilities of each health
state in independent patients were the same as for the
first occurrence [21].

The costs were calculated from the branches of Shan-
dong Peninsula Top Three Public Hospital affiliated
with Qingdao University. We designed a cross-sectional
survey of ischemic stroke patients from January 2013
to September 2023 and calculated the mean and 95%

Table 1 Model inputs in base case
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confidence interval (CI) of direct treatment costs. First,
a total of 42,554 patients with disease code 163 and its
sub-classification were extracted from the 10-year hos-
pital official database. Then a total of 3,449 patients with
EVT (00.6 and its sub-classification, as well as 39.74)
were extracted according to the primary surgical code, 30
patients with EVT+IVT whose operation code was 199.1
were selected according to the second operation code
until the sixth operation code. The real-world treatment
costs provided detailed data, including medicine costs,
operative costs, operative materials costs, nursing costs
and various associated costs. Indirect costs of combin-
ing the human capital approach with disability-adjusted
life years (DALYs) were calculated in the base-case year.
Since the HIS system could not monitor post-hospital
costs associated with the diseases, we extracted the
annual post-hospitalisation costs from the Chinese cost-
effectiveness of mechanical thrombectomy study [23]. All
the costs discounted to the 2023 RMB level at a discount
rate of 3% per year [24].

Health outcome EVT alone EVT+IVT Distribution Parameters
Proportions of patients in different mRS states at the end of 3 months according the meta analysis (%)
mRS 0-2 49.00 [19] 50.73 [19] Dirichlet 0-1
mRS 3-5 35.19[19] 3443 [19] Dirichlet 0-1
mRS 6 15.81[19] 14.84 [19] Dirichlet 0-1
Probabilities(%)
Recurrent rate 9.60 [30] 9.60 [30] Beta /
mRS 0-2 to mRS 0-2 in first year 95.50 [21] 95.50 [21] Dirichlet 0-1
mRS 0-2 to mRS 3-5 in first year 2401[21] 240[21] Dirichlet 0-1
mRS 3-5 to MRS 0-2 in first year 2.901[21] 2.90 [21] Dirichlet 0-1
mRS 3-5 to MRS 3-5in first year 91.90 [21] 91.90 [21] Dirichlet 0-1
Costs(RMB)
Direct treatment costs 71329.86 108463.60 Gamma EVT alone: 69890.76-72768.96
EVT+IVT:86765.90-130161.30
Operative treatment 6543.83 10041.25
Operative materials 43751.21 52879.26
Medicine 6984.55 13285.07
Nursing 844.83 303545
Annual post-hospitalization costs
mRS 0-2 7385.00 [23] 7385.00 [23] Gamma 7157-7619
mRS 3-5 11350.00 [23] 11350.00 [23] Gamma 10,730-11,996
Indirect costs 5759537 5759537 /
DALYs 7.95[22] 7.95[22] /
Utility
mRS 0-2 0.76 [25] 0.76 [25] Beta 0.69-0.82
mRS 3-5 0.21 [25] 0.21 [25] Beta 0.17-0.26
mRS 6 0.00 [25] 0.00 [25] Beta /
Recurrent stroke 0.20 [25] 0.20 [25] Beta 0.16-0.26
Discount Rate(%)
Annual post-hospitalization costs 3.00 3.00 /
Indirect costs 3.00 3.00 /
Outcome 3.00 3.00 /

Note: RMB, Chinese yuan renminbi; mRS, modified Rankin Score; EVT, endovascular treatment; IVT, intravenous thrombolysis
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We calculated Quality-adjusted life-years (QALYs) to
get health outcomes by multiplying longevity with utility
scores derived from the literature on the Chinese stroke
population [25]. The utility score was developed using
the European Quality of Life Scale-5 dimension (EQ-5D),
and the Chinese preference weights as shown in Table 1.
According to the Chinese pharmacoeconomic Evaluation
guidelines [24], we considered the same discount rate of
health outcomes over time as the cost.

Statistical analysis

The incremental cost-effectiveness ratio (ICER) was cal-
culated by dividing the difference in costs by the differ-
ence in QALYs between the two treatments. Since the
willingness to pay (WTP) threshold has not yet been
defined in China, we adopted the WHO recommenda-
tion, which was consistent with the Chinese pharmaco-
economic evaluation guidelines with 1-3 times gross
domestic product (GDP) per capita as the threshold
[24, 26]. When ICER was less than three times GDP, the
strategy was defined as cost-effective. We use 2023 as the
base-case year and the WTP threshold corresponds to
RMB90620 /QALY to RMB271860 /QALY for Shandong
Province [27].

Sensitivity analysis

We conducted one-way sensitivity analysis and Monte
Carlo probabilistic sensitivity analysis to verify the inter-
nal validity of the decision model [28]. Under the one-
way sensitivity analysis, the robustness of the model
was evaluated by changing the range of one parameter
(£20%), while keeping the other parameters fixed. A
probabilistic sensitivity analysis was used to verify the
random uncertainty of parameter changes simultane-
ously in the model. The probabilistic sensitivity analysis
by using Monte Carlo simulation in Excel 2013 and set at
10,000 iterations.

Following the gamma distribution, the cost data were
non-negative and right-skewed [29]. The utilities and
recurrent rate as a continuous probability within the
interval (0,1) followed the beta distribution. When mutu-
ally incompatible events occurred and the sum of prob-
abilities was a constant 1, a Dirichlet distribution was
usually assumed. Hence, the proportion of patients with

Table 2 The results of cost-effectiveness
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different mRS states and the transferred probability fol-
lowed the Dirichlet distribution [28]. The two different
sensitivity analysis results were represented by the scatter
plot and the tornado plot.

Results

The cost-effective analysis

We analyzed the ICER for the EVT versus EVT+IVT in
the base-case, 1-year time horizon and long-term until
99% dead. We found that EVT alone was more cost-
effective compared to EVT+IVT both in the short and
long term. In the first year, EVT had 0.74 QALYs at a
cost of RMB 82358.75 and EVT+IVT had 0.76 QALYs
at RMB119568.88. In this case, the ICER for both treat-
ments was RMB 2004182.77 /QALYs, which meant
EVT+IVT was not cost-effective.

Until 99% dead, EVT gained 2.82 QALYs at a cost of
RMB271740.90 compared to EVT+IVT, which earned
2.95 QALYs at a cost of RMB359160.29. In this case,
the ICER for per additional QALY was RM696399.30
(>RMB 271,860 /QALYs). Table 2 shows the cost-effec-
tiveness results for different time horizons. Compared
to EVT+IVT, EVT had a lower cost-effectiveness ratio
(RMB 96234.35 /QALYs).

Sensitivity analysis
Figure 2 presented the results of one-way sensitivity
analysis using the tornado diagram. ICER was sensitive to
both EVT and EVT+IVT direct treatment costs. When
the direct treatment cost of EVT+IVT was reduced by
20%, the ICER (RMB313262.60/QALYs) was closer to the
WTP (RMB90620 /QALYs-RMB 271,860 /QALYs), but
that did not mean EVT+IVT was cost-effective. EVT
was always more cost-effective than EVT+IVT, regard-
less of how other parameters varied within the range,
which could also illustrate the robustness of the results.
Figure 3 indicated the results of the probabilistic sensi-
tivity analysis for cycling 10,000 times with parameters of
the model inputs shown in Table 1 under the 99% of the
AIS patient dead scenario. Compared with EVT+IVT,
EVT alone was cost-effective in 96.89% of cases with the
RMB 90,620 /QALYs threshold. From Figs. 4 and 5, we
also found that EVT alone was a cost-effective treatment

Time horizon Strategy Cost QALYs Cost- effectiveness ratio ICER

3 months EVT alone 71329.86 0.15 461844.71 9288851.75
EVT+IVT 108463.60 0.16 684558.18

1 year EVT alone 82358.75 0.74 111565.82 2004182.77
EVT+IVT 119568.88 0.76 157998.14

The life horizon EVT alone 271740.90 2.82 96234.35 696399.30
EVT+IVT 359160.29 295 121779.32

Note: ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life-years
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Fig. 2 Tornado diagram of one-way sensitivity analyses. ICER, incremental cost-effectiveness ratio
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Fig. 3 Scatter plot according to probabilistic sensitivity analysis until 99% of AlS death

in 97.90% (3 months) and 97.43% (1 year) of cases under
the threshold.

Discussion

We assessed the real cost-effectiveness of EVT alone and
EVT+ITV for AIS and measured ICERs for life expec-
tancy in Shandong Province, China, in 2023. Regardless
of time horizons, EVT alone was a more cost-effective
treatment compared with EVT+IVT for AIS. The direct
treatment costs were derived from the HIS, while the
indirect costs and utility values not in the HIS were
derived from the published literature. ICER was more

sensitive to the direct treatment costs when using EVT
alone and EVT+IVT. Especially in low- and middle-
income countries, the high cost of treatment has always
been one of the most important reasons affecting stroke
patients’ medical behavior [31-33].

Our study complemented work on AIS related top-
ics in other countries. Mechanical thrombectomy (MT)
after IVT was cost-effective in Argentina, reducing
future disability and comorbidities over time [34]. Other
studies in high-income countries also showed that MT
was one way EVTs were a cost-saving treatment and
improved QALY for AIS patients in the long term. For
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example, MT was performed at lower costs in a lifetime
horizon versus thrombolysis in Chile, and with higher
benefits (2.63 incremental QALYs) [35]. Related studies
were also consistent in adding stent retriever thrombec-
tomy, globally (0.73 incremental QALYs in France) [36].
American research showed adding thrombectomy with
stent retrievers to guideline-based care (including IVT)
resulted in a gain of 0.99 QALYs with a cost savings of
approximately $221 per patient [12]. These previous stud-
ies had shown the benefits of mechanical thrombectomy.

In China, Han compared the mechanical thrombec-
tomy (MT) alone with MT +alteplase which showed that
MT alone was more cost-effective based on the Direct-
MT trial [14, 37]. However, the indirect costs were not
considered in the existing research [14]. Our study of
AIS considered the evaluation of indirect costs for the
first time among the AIS patients. Indirect costs were
extracted from the disability-adjusted life years (DALYs)
from published IS literature and discounted them to 2023
in the life expectancy scenario [22]. We found the indi-
rect costs on ICER was not as sensitive as that of direct
treatment costs, and did not affect the economic evalua-
tion results of EVT alone.

As is well-known, the treatment time window was one
of the important factors affecting the choice of treatment
for patients with AIS [38, 39]. A Chinese study evaluated
clinical outcomes and healthcare costs of different time
windows of EVT among AIS patients, which was most
cost-effective in 1-2 h after the stroke onset compared
with other time windows (5-6 h) among patients choos-
ing EVT [40]. From the pooled results of the meta-anal-
ysis which we extracted clinical outcomes, we found that
the median time from stroke onset to randomized alloca-
tion of EVT alone was 134 min, and the median time for
IVT plus EVT was 144 min [19]. In the future, the eco-
nomic evaluation of AIS treatment could further explore
the cost-effectiveness of EVT and IVT under the influ-
ence of the time windows, and we would like to further
optimize the methodology.

Our study obtained model cost data from real-world
Chinese databases, which provided the most reliable
regional economic evaluation evidence of AIS treatment.
Based on the HIS, we found that operative materials cost
was a large part of the direct treatment costs, which could
be considered future cost-effectiveness studies on sur-
gical materials. Our study had several limitations. First,
even though the clinical results from the meta-analysis of
six RCTs were more valuable than those extracted from
a single RCT, there were still trial bias. In the meta-anal-
ysis, the median age difference between the two groups
was only one year. But patients who chose complex treat-
ment plans were younger or stronger than who chose
single treatment plans [41]. If we could follow up patients
with AIS, we would be able to achieve a prospective
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cohort study in the further. Second, we assumed that
patients with recurrent stroke who received the same
treatment as those with initial stroke would have the
same outcome. In general, recurrent stroke patients get
worse with a higher mortality than those with first-time
stroke. Finally, our conclusions reflected region-specific
data, which maybe modified for other regions in China.

Conclusions

This study indicated that EVT alone was more cost-effec-
tive compared with EVT+IVT based on the data from
the real-world evidence and six RCTs’ meta-analysis for
AIS in Shandong province, China. Although the con-
clusions were similar to most existing research recom-
mendations, expansion in other regions still should be
re-evaluated.
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