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Aim: The aim of this analysis was to assess the cost–effectiveness of the EmboTrap R© Revascularization
Device compared with the Solitaire™ Revascularization Device and Trevo R© Retriever for the treatment of
acute ischemic stroke (AIS) from the perspective of the Chinese healthcare system. Methods: According to
MASTRO I, a recent living systematic literature review and meta-analysis, mechanical thrombectomy (MT)
with EmboTrap in the treatment of AIS resulted in better functional outcomes compared with the use of
Solitaire or Trevo. Based on the proportion of patients that achieved 90-day modified Rankin Scale (mRS)
scores of 0–2, 3–5 and 6 reported in MASTRO I, a combined 90-day short-term decision tree and Markov
model with a 10-year time horizon was used to compare the cost–effectiveness of the three devices. The
primary outcome was the incremental cost–effectiveness ratio (ICER), representing the incremental cost
(in 2022 Chinese Yuan [CNY]) per incremental quality-adjusted life-year (QALY). The ICERs were compared
against willingness-to-pay (WTP) thresholds of 1, 1.5 and 3-times the 2022 national gross domestic product
(GDP) per capita in China. Results: Treatment with EmboTrap resulted in total QALYs of 3.28 and total costs
of 110,058 CNY per patient. Treatment with Trevo resulted in total QALYs of 3.05 and total costs of 116,941
CNY per patient. Treatment with Solitaire resulted in total QALYs of 2.81 and total costs of 99,090 CNY per
patient. Trevo was dominated by EmboTrap as it was a more costly and less effective intervention. As such,
Trevo was not cost-effective at any WTP threshold. Compared with Solitaire, EmboTrap was more effective
and more costly, with an ICER of 23,615 CNY per QALY. This result suggests that EmboTrap is cost-effective
when compared with Solitaire since the ICER was lower than all WTP thresholds assessed. Conclusion:
EmboTrap dominated Trevo and is cost-effective for the treatment of patients with AIS compared with
Solitaire when assessed from the perspective of the Chinese healthcare system and based on the device-
level meta-analysis MASTRO I. Selecting a stent retriever (SR) that optimizes 90-day mRS score is an
important consideration from both a clinical and healthcare payer perspective in China as it is associated
with reduced long-term costs and increased quality of life.

Plain language summary: What is this article about?: Mechanical thrombectomy (MT) using stent
retrievers (SRs) is strongly recommended by the Chinese Stroke Association for the treatment of acute
ischemic stroke (AIS) in eligible patients in China. MASTRO I, a recently published systematic review and
meta-analysis, compared outcomes following MT for three commonly used SRs (EmboTrap R©, Solitaire™
and Trevo R©) and found that the SR used during MT may impact functional outcomes. Data from MASTRO
I indicated that compared with Solitaire and Trevo, MT with EmboTrap was associated with improved
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functional outcomes. As better functional outcomes may result in lower healthcare resource utilization,
SR choice during MT may have downstream economic implications. Therefore, the aim of the current
analysis was to compare the cost–effectiveness of EmboTrap, Solitaire and Trevo from the perspective of
the Chinese healthcare system over a 10-year time horizon based on functional outcomes 90-day post-
stroke reported in MASTRO I.
What were the results?: EmboTrap dominated Trevo and was cost-effective compared with Solitaire
when assessed at willingness-to-pay (WTP) thresholds of 1, 1.5 and 3-times the 2022 China national gross
domestic product (GDP) per capita.
What do the results mean?: The results of this analysis indicate that EmboTrap may offer better value for
money compared with Solitaire and Trevo in the treatment of AIS and that the downstream economic
consequences of SR selection during MT are an important consideration from a clinical and healthcare
payer perspective.

Graphical abstract:
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Limitations: Model inputs and assumptions were based on best available published data. The model is limited to the SR only technique and may not be generalizable to other mechanical thrombectomy techniques.
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Globally, 87% of strokes are ischemic, 10% are intracerebral hemorrhage and 3% are subarachnoid hemorrhage [1].
Aligning with global data, ischemic stroke is the most common form of stroke in China [2,3], accounting for 86.8%
of all incident strokes in 2020 [3]. Approximately 35–40% of all acute ischemic strokes (AIS) are due to proximal
large vessel occlusions (LVO) [4,5]. According to the 2019 update on management of ischemic cerebrovascular
diseases released by the Chinese Stroke Association, mechanical thrombectomy (MT) is strongly recommended for
eligible patients with AIS and should be performed as the first-line treatment for patients who are ineligible for
intravenous recombinant tissue plasminogen activator (IV-tPA) [6]. Patients who are eligible for IV-tPA should receive
a combination therapy of IV-tPA and MT [6]. When performing MT, stent retrievers (SRs) are recommended as the
first choice of thrombectomy device; however, the operator may choose to use other thrombectomy or aspiration
devices at their own discretion (subject to SR approval by regional health authorities) [6]. Although other devices can
be used during MT, SRs are proficient at achieving successful reperfusion as a stand-alone first-line technique [7].
While all SRs share the common goal of removing the occlusion and achieving reperfusion, SRs have distinct design
features and mechanisms of action that may impact clinical outcomes [8–11].

10.57264/cer-2024-0160 J. Comp. Eff. Res. (2024) e240160
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The results of the recent MASTRO I living systematic literature review and meta-analysis suggest that SR choice
may impact clinical outcomes following MT [9]. Using the Solitaire™ Revascularization Device during MT resulted
in significantly higher rates of symptomatic intracranial hemorrhage (sICH; 7.7%) compared with the EmboTrap R©

Revascularization Device (3.9%, p = 0.028) and the Trevo R© Retriever (4.6%, p = 0.049); however, there was no
significant difference between EmboTrap and Trevo (p = 0.514). Similarly, using Solitaire during MT resulted
in significantly higher mortality rates (20.4%) compared with using EmboTrap (11.2%, p < 0.001) or Trevo
(14.5%, p = 0.018); however, there was no significant difference between EmboTrap and Trevo (p = 0.127) [9].
Finally, MASTRO I demonstrated that the use of EmboTrap during MT resulted in significantly higher rates of
good functional outcomes (57.4%; defined by modified Rankin Scale [mRS] score of 0–2 at 90 days post-stroke)
compared with the use of Solitaire (45.3%, p < 0.001) or Trevo (50.0%, p = 0.013) [9].

An inverse relationship exists between mRS score and patient quality of life (QoL) [12]. Furthermore, good
functional outcomes (i.e., low mRS score) post-stroke may reduce the economic burden of stroke since medical
costs increase with rising 90-day post-stroke mRS score [13,14]. This highlights the potential cost savings associated
with achieving good functional outcomes following MT. While a previous study found that endovascular treatment
combined with standard medical treatment is cost-effective compared with standard medical treatment alone in
Chinese patients with basilar artery occlusion, the study did not assess the economic impact of endovascular
device selection [15]. Given the economic burden of stroke in China and the paucity of cost–effectiveness studies
directly comparing SRs, it is important to understand the economic impact of SR selection, particularly in relation
to functional outcomes following MT. While device selection is influenced by surgeon preference, institutional
factors and patient vascular and thrombotic conditions, understanding its impact on cost can be beneficial when
multiple SR devices are viable options. The aim of the current study was to address this gap by evaluating the
cost–effectiveness of three commonly used SRs (EmboTrap, Solitaire and Trevo) based on the proportion of patients
with AIS who achieved good functional outcomes following MT as reported in MASTRO I.

Methods
Model overview
An analysis was conducted to assess the cost–effectiveness of EmboTrap versus Trevo versus Solitaire for the
treatment of eligible patients with AIS (Figure 1). The analysis assessed the cost–effectiveness of the SRs from the
perspective of the Chinese healthcare system and was designed to estimate the differences in costs and QALYs.
Adherence to the 2020 China Guidelines for Pharmacoeconomic Evaluations was maintained when conducting
the analyses and the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) were followed for
reporting [16,17]. The model was developed using R statistical software (R version 4.3.0) [18].

The population of interest was patients with AIS due to LVO treated with either EmboTrap, Solitaire, or Trevo as
the first-line device in a stent-retriever only procedure. A recent study found that the median age of patients eligible
for intravenous thrombolysis and endovascular therapy for AIS was 67 years of age [19]. In accordance with standard
modeling practice, patient age was rounded to the nearest decade and the base case analysis assumed patients were
70 years of age. Functional outcomes reported in MASTRO I [9] were utilized in this analysis. For information
related to study identification and data handling, please refer to the MASTRO I publication [9]. All-cause mortality
was informed by Chinese life tables from the 2020 National Population Census [20].

Model structure
The model was based on a previously published model [21] and combined a short-term (index hospitalization)
decision tree and long-term (10-year) Markov cohort state-transition model that allowed for heterogeneous varia-
tions in transition probabilities over time (Figure 1). The Markov model had three mutually exclusive health states:
functional independence (mRS 0–2), functional dependence (mRS 3–5), or death (mRS 6; an absorbing health
state). The short-term decision tree simulated the outcomes after patients with AIS underwent MT with either
EmboTrap, Solitaire, or Trevo. The proportion of patients in each health state was informed by MASTRO I, which
provided pooled estimates for achieving functional independence (mRS 0–2), functional dependence (mRS 3–5),
or death (mRS 6) at 90 days for the three SRs of interest [9]. Patients entered the corresponding health state based
on the reported 90-day mRS in the Markov model.

In the Markov model, patients could transition between ‘functional dependence’ and ‘functional independence’
only during the first-year post-stroke. After the first year, patients in the ‘functional dependence’ health state could
only transition to ‘death’. Relatedly, after the first-year post-stroke, patients in the ‘functional independence’ health

10.57264/cer-2024-0160
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undergoing
Mechanical

Thrombectomy

Death

Figure 1. Cost–effectiveness analysis model structure. (A) A combined short-term decision tree and (B) long-term
Markov model. The decision tree spanned 90 days and the Markov model had cycles lasting 1 month. The total
Markov simulation period was 10 years. In the long-term Markov model, patients could transition between functional
dependence and functional independence during the first year following stroke. After the initial year, patients who
achieved functional independence could transition to functional dependence or death up to 5 years post-stroke, after
which they could only transition to death. After the first year following stroke, patients with functional dependence
could only transition to death.
AIS: Acute ischemic stroke; mRS: Modified Rankin Scale.

state could transition to the ‘functional dependence’ or ‘death’ states for four additional years (i.e., a total of 5
years post-stroke), after which they could only transition to ‘death’. In addition to stroke-related deaths, general
population mortality was captured based on 2020 life table data from the National Bureau of Statistics of China [20]

(Supplementary Table 1). It was assumed that recurrent stroke is accounted for in mRS transition probabilities.

Transition probabilities
The proportion of patients in each health state (functional independence, functional dependence or death) in the
decision tree were derived from MASTRO I [17] (Supplementary Table 1).

Data from a previous health technology assessment of MT from Canada [21] was used to model long-term
transition probabilities between the three health states in the Markov model (Supplementary Table 1). The
assessment used 5-year survival data from the Oxford Vascular Study [22,23] to estimate the proportion of patients
with AIS who were functionally independent (mRS 0–2), functionally dependent (mRS 3–5) and dead (mRS 6) at
different time points. The risk of mortality after 90 days for functionally independent and functionally dependent
patients was calculated by multiplying the risk ratios (RR) reported in a previous health technology assessment of
MT from Canada [21] by the age-specific all-cause mortality for the Chinese population [20] (Supplementary Table
1). A previously reported calibration process [24] was used to derive the required monthly transition probabilities
that achieved a good fit to the observed survival data.

10.57264/cer-2024-0160 J. Comp. Eff. Res. (2024) e240160
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Costs
All costs were considered from the perspective of the Chinese healthcare system and were inflated to 2022 Chinese
Yuan (CNY) using data reported by the National Bureau of Statistics of China [25]. An annual discount rate of 5%
was applied to costs in alignment with the China Guidelines for Pharmacoeconomic Evaluations [17].

The analysis included SR device cost, the cost of index hospitalization post-MT and the annual cost of long-term
care (Supplementary Table 2). The costs of the SRs were sourced from the Taimao Medical Device Tendering
Network [26]. The index hospitalization cost (after MT) for patients with mRS 0–2 and mRS 3–5 was sourced from
a recently published real-world study that quantified healthcare resource use and costs among patients enrolled
in the China National Stroke Registry-III (CNSR-III) who survived their first admission with AIS [27]. As the
real-world study did not report a cost for patients who died, the index hospitalization cost for patients with mRS
6 was calculated by multiplying the index hospitalization cost estimated for patients with mRS 0–2 [28] by the
ratio of index hospitalization costs (mRS 0–2 to mRS 6) reported in an economic evaluation of Chinese stroke
patients [29]. The annual cost of long-term care for patients with mRS 0–2 or 3–5 was obtained from the same
economic evaluation of Chinese stroke patients [29] (Supplementary Table 2).

Utilities
Health utilities for the base case analysis were obtained from a study that mapped mRS scores and health-related QoL
to the European Quality of Life 5-dimensional questionnaire (EQ-5D) to derive utility-weight stroke outcomes
measures [30]. Individual participant data was pooled from eight randomized multicenter stroke trials consisting of
over 20,000 patients (43.1% of which were Chinese) to calculate utility-weighted scores across mRS 0 to 5 [30].
Based on the proportion of patients classified as mRS 0–2 and 3–5 in MASTRO I, a weighted average of these scores
was used to derive EQ-5D utility scores for functional independence (mRS 0–2) and functional dependence (mRS
3–5) (Supplementary Table 2). Quality-adjusted life years (QALYs) were calculated by multiplying corresponding
utility scores by the number of months a patient spent in each health state. An annual discount rate of 5% was
applied to QALYs in alignment with the China Guidelines for Pharmacoeconomic Evaluations [17].

Primary outcomes
The costs and QALYs over a 10-year time horizon were estimated for a hypothetical cohort of 1000 patients with
AIS that underwent MT using one of the three SRs. The primary outcome for the comparisons was the incremental
cost–effectiveness ratio (ICER) representing the incremental cost (in CNY) per incremental QALY.

A SR was considered cost-effective if the resulting ICER was lower than the willingness-to-pay (WTP) threshold.
In China, WTP thresholds informing reimbursement of health technologies are based on the national gross
domestic product (GDP) per capita. While it has been previously suggested that ICERs below 1.5-times the GDP
per capita are considered cost-effective [31], the 2020 China Guidelines for Pharmacoeconomic Evaluations have
advised ICERs less than 1 to 3-times the national GDP per capita are considered cost-effective [17]. With a GDP
per capita of 85,698 CNY in 2022 [25], the model results were compared against thresholds of 1, 1.5 and 3-times
the GDP per capita (i.e., 85,698 CNY/QALY, 128,547 CNY/QALY, and 257,084 CNY/QALY, respectively).

Sensitivity & scenario analysis
To determine which variables have the largest impact on results, deterministic one-way sensitivity analyses (OWSA;
i.e., EmboTrap vs Solitaire [Supplementary Figure 1], Trevo vs EmboTrap [Supplementary Figure 2] and Trevo vs
Solitaire [Supplementary Figure 3]) were performed in which input parameters were varied individually over the
extremities of their 95% confidence interval (when available) or by ±10% of their base case value.

Scenario analyses were performed assessing alternative time horizons (1 year, 5 years and 15 years), a population
starting age of 65 years and utilizing utility values from an alternative published source [29,32]. Additional hypothetical
scenario analyses were conducted in which the device cost for Solitaire and Trevo were varied to determine the
lowest hypothetical cost of these devices at which point EmboTrap is no longer estimated to be cost-effective at the
most conservative WTP threshold of 85,698 CNY/QALY (1 times the GDP per capita).

Probabilistic sensitivity analyses (PSAs) were conducted by generating 1000 iterations of parametric Monte Carlo
simulations to further assess the uncertainty of the results. Utilities were modeled using a beta distribution and
costs were modeled using a gamma distribution [33]. Transition probabilities were modeled using a combination
of multinominal, beta and log normal distributions [33]. Cost–effectiveness acceptability curves were generated to
facilitate comparisons and to visualize the probability of the SRs being cost-effective at increasing WTP thresholds.

10.57264/cer-2024-0160
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Table 1. Cost–effectiveness results from deterministic base case, deterministic scenario analyses, and probability of
cost–effectiveness.
Device Discounted mean costs (2022 CNY) and QALYs per person ICER

(CNY/QALY)‡
Probability cost-effective at cost–effectiveness

threshold¶

Mean total cost
(CNY)

Incremental cost
(CNY)

Mean QALYs Incremental
QALYs

85,698
CNY/QALY

128,547
CNY/QALY

257,084
CNY/QALY

Base case (age 70 years, 10-year time horizon, EQ-5D)

Solitaire 99,090 – 2.811 – – 0.000 0.000 0.000

EmboTrap 110,058 10,968 3.276 0.464 23,615§ 1.000 1.000 1.000

Trevo 116,941 –† 3.047 –† Dominated by
EmboTrap#

0.000 0.000 0.000

Age 65 years

Solitaire 104,928 – 3.030 – – 0.000 0.000 0.000

EmboTrap 116,335 11,408 3.520 0.489 23,318§ 1.000 1.000 1.000

Trevo 123,166 –† 3.282 –† Dominated by
EmboTrap

0.000 0.000 0.000

1-year time horizon

Solitaire 53,541 – 0.494 – – 0.276 0.037 0.000

EmboTrap 59,353 5,812 0.582 0.088 66,267§ 0.724 0.963 1.000

Trevo 68,037 –† 0.536 –† Dominated by
EmboTrap

0.000 0.000 0.000

5-year time horizon

Solitaire 79,062 – 1.867 – – 0.000 0.000 0.000

EmboTrap 87,620 8,557 2.179 0.311 27,481§ 1.000 1.000 1.000

Trevo 95,410 –† 2.024 –† Dominated by
EmboTrap

0.000 0.000 0.000

15-year time horizon

Solitaire 108,089 – 3.232 – – 0.001 0.000 0.000

EmboTrap 120,265 12,175 3.768 0.536 22,721§ 0.999 1.000 1.000

Trevo 126,640 –† 3.503 –† Dominated by
EmboTrap

0.000 0.000 0.000

Alternative EQ-5D utility scores

Solitaire 99,090 – 2.221 – – 0.000 0.000 0.000

EmboTrap 110,058 10,968 2.615 0.394 27,807§ 1.000 1.000 1.000

Trevo 116,941 –† 2.412 –† Dominated by
EmboTrap

0.000 0.000 0.000

To convert from 2022 CNY to 2022 US Dollars ($), divide by 6.96 [37].
†Not reported as Trevo is dominated by EmboTrap.
‡Due to the number of decimal places presented in the tables for costs and QALYs, the ICERs cannot be manually calculated.
§ ICER is in reference to Solitaire.
¶Probability represents the proportion of all simulations where the estimated ICER was below the specified cost–effectiveness threshold.
#The base case ICER for Trevo vs Solitaire is 75,751 CNY/QALYs.
CNY: Chinese Yuan; EQ-5D: European Quality of Life 5-dimensional questionnaire; ICER: Incremental cost–effectiveness ratio; QALY: Quality-adjusted life-year.

Results
Deterministic base case analysis
Over a 10-year model time horizon, EmboTrap was associated with 3.28 QALYs, and total costs of 110,058 CNY
per patient. Treatment with Trevo afforded patients 3.05 QALYs and was associated with total costs of 116,941 CNY
per patient. Patients treated with Solitaire accumulated 2.81 QALYs, and total costs of 99,090 CNY per patient.
Compared with EmboTrap, Trevo was a more costly (116,941 CNY per patient vs 110,058 CNY per patient
for EmboTrap) and less effective intervention (3.05 QALYs vs 3.28 QALYs for EmboTrap). As such, Trevo was
dominated by EmboTrap and was not cost-effective at any WTP threshold.

In relation to Solitaire, the use of EmboTrap resulted in an ICER of 23,615 CNY/QALY and was considered
cost-effective since the ICER was less than the per capita GDP in 2022 in China (85,698 CNY/QALY) (Table 1).

10.57264/cer-2024-0160 J. Comp. Eff. Res. (2024) e240160
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Table 2. Probabilistic sensitivity analysis results.
Device Discounted mean costs (2022 CNY) and QALYs per person

Mean total cost (CNY)
(95% CrI)

Incremental cost (CNY)
(95% CrI)

Mean QALYs (95% CrI) Incremental QALYs (95%
CrI)

ICER (CNY/QALY)‡ (95%
CrI)

Solitaire 96,455 (88,902 to 105,331) – 2.884 (2.487 to 3.36) – –

EmboTrap 107,856 (99,787 to
117,581)

11,401 (6,764 to 15,967) 3.362 (2.907 to 3.927) 0.478 (0.317 to 0.651) 24,340§ (14,540 to 35,986)

Trevo 114,694 (106,571 to
124,269)

–† 3.126 (2.711 to 3.662) –† Dominated by EmboTrap

To convert from 2022 CNY to 2022 US Dollars ($), divide by 6.96 [37].
†Not reported as Trevo is dominated by EmboTrap.
‡As the results are based on 1000 iterations of parametric Monte Carlo simulations, the ICER cannot be manually calculated.
§ ICER is in reference to Solitaire.
CrI: Credible interval; CNY: Chinese Yuan; ICER: Incremental cost–effectiveness ratios; QALY: Quality-adjusted life.

Results of sensitivity & scenario analyses
The deterministic OWSA revealed that SR cost had the largest impact on the ICER. Other model drivers identified
in the deterministic OWSA included the health utility for mRS 0–2, proportion of patients that achieved functional
independence and dependence at 90 days, and the annual discount rate. Regardless of which variable was altered
in the deterministic OWSA, EmboTrap was consistently cost-effective compared with both Solitaire and Trevo. In
the comparison between Solitaire and Trevo, Trevo was cost-effective when varying all variables other than device
cost.

As shown in Table 1, scenario analyses using a younger patient starting age, different time horizons, and
alternative health utilities consistently estimated that EmboTrap was cost-effective compared with Solitaire, with
ICERs ranging from 22,721 to 66,267 CNY/QALY. Across all scenarios, the ICER for EmboTrap versus Solitaire
fell below the three WTP thresholds of interest. Additionally, Trevo was dominated by EmboTrap in all scenarios.

Results of the hypothetical scenario analysis in which the cost of EmboTrap was held constant and the cost of
Solitaire was varied demonstrated that when the cost of Solitaire was as low as 0 CNY, EmboTrap was cost-effective
at the most conservative WTP threshold of 85,698 CNY/QALY (1 times the GDP per capita), with a resulting
ICER of 75,818 CNY/QALY (Supplementary Table 3 & Supplementary Figure 4). When the cost of Trevo was
varied, EmboTrap remained either dominant or was cost-effective even when the cost of Trevo was as low as 15,000
CNY (ICER 71,314 CNY/QALY) but was no longer cost-effective at the most conservative WTP threshold
of 85,698 CNY/QALY (1 times the GDP per capita) if Trevo cost 10,000 CNY (ICER 93,167 CNY/QALY)
(Supplementary Table 3 & Supplementary Figure 4).

The results of the PSAs align with the results of the deterministic analyses (Table 2) with EmboTrap dominating
Trevo and being considered cost-effective in relation to Solitaire. When compared with Solitaire, the use of
EmboTrap resulted in an ICER of 24,340 CNY/QALY (95% credible interval [CrI]: 14,540 to 35,986) which is
less than the 2022 per capita GDP in China of 85,698 CNY/QALY (Figure 2).

The probability of EmboTrap, Solitaire, or Trevo being cost-effective at different WTP thresholds is outlined
in Table 1. The cost–effectiveness acceptability curve (Figure 3) demonstrated that at a WTP threshold of 23,615
CNY/QALY, EmboTrap had a 50% chance of being cost-effective (versus Solitaire). For WTP thresholds exceeding
23,615 CNY/QALY, EmboTrap had a higher probability of being cost-effective compared with Solitaire. Trevo
had a 0% probability of being the cost-effective device across all WTP thresholds (Figure 3).

Discussion
The aim of the current study was to assess the cost–effectiveness of EmboTrap versus Trevo versus Solitaire in China
based on the proportion of patients with AIS who achieved good functional outcomes as reported in MASTRO I.

The results of this study suggest that EmboTrap is the dominant treatment option relative to Trevo and is
cost-effective compared with Solitaire in relation to the three WTP thresholds considered. These results leverage
the key finding from MASTRO I that the choice of SR in the treatment of AIS may impact functional outcomes
and quantify potential long-term healthcare cost impact, both of which are important considerations given the
substantial economic burden of stroke in China. In alignment with this, the Government of China has incorporated
stroke prevention and treatment into the “Healthy China 2030” program [34], aiming to increase the stroke
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Figure 2. Scatterplot of the probabilistic sensitivity analysis comparing EmboTrap versus Solitaire. To convert from
2022 CNY to 2022 US Dollars ($), divide by 6.96 [37]. Each point represents a simulation. The black square represents
the base case (0.464 QALYs gained at an incremental cost of CNY 10,968). The dashed line represents the WTP of
85,698 CNY/QALY. Points on the right side of the dashed line are considered cost-effective.
CNY: Chinese Yuan; QALY: Quality-adjusted life-year; WTP: Willingness-to-pay.

prevention and treatment network. Under this policy environment, it will be critical to utilize medical devices that
offer value for money to benefit more patients in need.

In addition to reducing long-term costs, achieving better functional outcomes post-MT resulted in higher
QALYs and is therefore impactful from a population health perspective. Based on the proportion of patients who
achieved mRS 0–2 and mRS 3–5 in MASTRO I [9], the current analysis demonstrated that MT using EmboTrap was
associated with an increase in QALYs over the 10-year time horizon compared with Solitaire and Trevo. Considering
that health-related QoL is diminished in survivors of stroke compared with individuals who have not experienced
a stroke [35], increasing QALYs post-stroke positively impacts patient well-being by improving the overall quality
of the years lived post-stroke and subsequently increasing health-related QoL (HRQoL). Furthermore, increased
HRQoL post-stroke can improve physical and psychological functioning [35,36].

The robustness of the base case results was supported by the results of the deterministic OWSA, PSAs and
multiple scenario analyses, with EmboTrap consistently dominating Trevo and remaining cost-effective compared
with Solitaire. The deterministic OWSA revealed that device cost had the largest impact on the results. The results
of the PSA confirm the robustness of the deterministic results, demonstrating that EmboTrap dominates Trevo and
is cost-effective relative to Solitaire in 100% of probabilistic iterations at all assessed WTP thresholds. However,
these results should be interpreted with caution, as the PSA only accounts for uncertainty related to the parameters
included in the model. Structural (model) uncertainty in addition to uncertainty pertaining to the sources of costs
and utilities, remain unaddressed. Implementing a 5- or 15-year time horizon and using a starting patient age of
65 years each had a minimal impact on the model results. Similarly, using alternative utility values that were lower
than those used in the base case also had a minimal impact on the model results; however, the results of this scenario
analysis should be interpreted with caution since the utility values were sourced from a 2014 study examining
HRQoL in patients with transient ischemic attack or minor ischemic stroke and may not be applicable to current
clinical practice for the population interest [29,32]. When comparing Solitaire and EmboTrap, the largest change in
ICER relative to the base case occurred when exploring a one-year time horizon. This result was expected since
the majority of patients are still alive but have not accrued the long-term benefit associated with good functional
outcomes post-MT with EmboTrap; namely, improved HRQoL and lower total costs (compared with patients
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Figure 3. Cost–effectiveness acceptability curve. To convert from 2022 CNY to 2022 US Dollars ($), divide by
6.96 [37]. Trevo is never the most cost-effective device.
CNY: Chinese Yuan; QALY: Quality-adjusted life-year; WTP: Willingness-to-pay.

who did not achieve good functional outcomes). In other words, the MT procedure is a one-off, front-loaded cost
with a long-term benefit. While the results of a 5- or 15-year time horizon support the robustness of the analyses,
a 10-year time horizon adequately captures the long-term HRQoL and cost benefits afforded by using EmboTrap
and appropriately represents the current life expectancy in China of approximately 78 years [15].

Economic evaluations play a critical role in health technology reimbursement [31] and the use of WTP thresholds is
instrumental in guiding reimbursement decisions to optimize value for money. Although the Chinese government
has not explicitly specified a WTP threshold, the 2020 China Guidelines for Pharmacoeconomic Evaluations
advised that ICERs below 1 to 3-times the national GDP per capita are considered cost-effective [17]. The results of
this study suggest that Trevo is dominated by EmboTrap and that EmboTrap is cost-effective in relation to Solitaire
(ICER of 23,615 CNY/QALY) when considering the range of WTP thresholds based on the GDP per capita
(85,698 CNY/QALY to 257,084 CNY/QALY).

As SR cost was the largest model driver, changes to device cost are expected to influence the overall cost–
effectiveness of the devices. In consideration of potential cost reductions, the results of the deterministic OWSA
indicated that reductions in the cost of EmboTrap or the annual cost of post-stroke care (for mRS 0–2 or mRS
3–5) further reduced the ICER in relation to Solitaire. In comparison to Trevo, results of the deterministic OWSA
also indicated that reductions in the cost of EmboTrap or the annual cost of post-stroke care (for mRS 0–2) further
increased the cost–effectiveness of EmboTrap by increasing the difference in device and post-stroke care costs.
Device cost was also varied in the PSA, which did not impact the overall trends or conclusions in the base case
analysis. Finally, the hypothetical scenario analysis exploring the cost–effectiveness of EmboTrap when the device
cost of Solitaire and Trevo were varied demonstrated that EmboTrap is cost-effective even when Solitaire is not
associated with any cost and when the cost of Trevo was as low as 15,000 CNY. In this hypothetical scenario
analysis, cost–effectiveness was assessed relative to the most conservative WTP threshold of 85,698 CNY/QALY
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(1-times the GDP per capita). Although the deterministic OWSA found the model to be most sensitive to device
cost, in the context of the current analysis, the ICERs for EmboTrap are robust and stable relative to potential
changes in competitor pricing. Taken together, these results suggest that despite the model’s sensitivity to device
cost, the results are robust to such fluctuations.

The economic benefits of EmboTrap demonstrated in the current analysis are due to a higher proportion of
patients achieving good functional outcomes (i.e., mRS 0–2) relative to Solitaire or Trevo, as demonstrated in
MASTRO I [9]. There were several indicators of reasons for this difference in MASTRO I, including patient
selection, technique (BGC usage) and device design. This was substantiated by the enhanced recanalization ability
of EmboTrap relative to Solitaire and Trevo, as demonstrated by numerically higher rates of complete recanalization
(first-pass recanalization (FPR) modified treatment in cerebral infarction [mTICI] ≥2c) and successful recanaliza-
tion (FPR mTICI ≥2b) on the first pass, and final complete (thrombolysis in cerebral infarction [TICI] 3) and
final successful (mTICI ≥2b) recanalization [9]. This is in-line with a systematic pre-clinical in vitro comparison
showing EmboTrap’s superior ability to remove clots [10]. Furthermore, EmboTrap was associated with higher rates
of successful reperfusion when compared with a performance goal derived from previous Solitaire and Trevo tri-
als [11]. This emphasizes the role of device design in achieving improved functional outcomes. The functionality of
a SR is strongly influenced by its geometric design [8] and, unlike Solitaire and Trevo, which are second-generation
nitinol stents with a closed cell peak-peak geometric configuration, EmboTrap is a third-generation two-layer nitinol
stent [8]. EmboTrap is composed of an inner closed cell layer that is surrounded by an outer layer with open-cell
configuration on the proximal end and closed-cell configuration on the distal end [8]. The difference in device
design between EmboTrap, Solitaire and Trevo may account for the observed differences in recanalization rates,
which subsequently impacts the functional and economic outcomes associated with the SRs. Taken together, the
use of EmboTrap during MT may improve clinical outcomes due to improved device functionality, subsequently
reducing the economic burden of stroke.

Strengths & limitations
There are several strengths associated with this study. A thorough review was undertaken to ensure the model, inputs,
and outcome were applicable to the current landscape, and to understand the local implications of the findings.
This review enhanced the robustness and applicability of the results by allowing for a thorough understanding
of both the strengths and weaknesses of the analyses. Moreover, adherence to the 2020 China Guidelines for
Pharmacoeconomic Evaluations [17] and the CHEERS statement [16] ensured the analyses were conducted and the
findings were reported in an appropriate manner. Furthermore, the current study used a model structure that has
been validated in a previous health technology assessment [21], as such, the methodological approach is robust, and
the findings can be considered reliable. Lastly, model inputs were based on recent clinical and cost data sourced
from published literature or cost databases, thereby accurately reflecting the market in China for the treatment of
AIS.

As with all modelling studies, the current study has several limitations that should be taken into consideration
when interpreting the results. Despite model inputs being sourced from best available data, assumptions were
required relating to model cost inputs. Cost inputs used in the model may not fully capture the most recent and
innovative treatment patterns in China as initial hospitalization costs were sourced from a study that assessed the
cost of stroke from 2017 to 2018 [27] and the annual cost of post-stroke care was sourced from a 2018 study that
reported costs based on the China National Stroke Registry [29]. However, the cost inputs reflect the best-available
data representing the market in China for treatment of AIS. Similarly, assumptions were required relating to patient
distributions in the decision tree and the transition probabilities between Markov health states. The proportion of
patients in each state (mRS 0–2, mRS 3–5 and mRS 6) in the decision tree may not be generalizable to patients
in China as these proportions were sourced from MASTRO I which had a global focus with respect to the SLR
inclusion criteria [9]. Furthermore, as the 2019 update on management of ischemic cerebrovascular diseases released
by the Chinese Stroke Association suggests that the operator may choose to use other thrombectomy or aspiration
devices during MT [6], these proportions may not be generalizable across operators and/or hospitals in China.
Long-term transition probabilities were adapted from a health technology assessment that used five-year survival
data from the Oxford Vascular Study which was a UK-based study, and therefore could limit generalizability to
Chinese patients [21]. Additionally, as there are regional health authorities in China, post-stroke healthcare may
vary across regions which could impact the disease course and long-term recovery thereby influencing transitions
between model health states. Despite the limitations in terms of generalizability, the proportion of patients in the
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decision tree and transition probabilities were sourced using best-available data as a paucity of published values was
noted. Given the dearth of published values, further research exploring the up-to-date costs associated with stroke
is needed to inform future cost–effectiveness models.

Another potential limitation was that the cost–effectiveness analysis assumed that only SRs would be used during
MT and did not account for the use of adjunctive devices (e.g., IV-tPA and balloon guide catheters) or differences
in MT techniques. Similarly, the procedural costs assume that no rescue devices were used, and the model does not
account for costs and changes in health status that are associated with recurrent stroke. However, it is important to
note these limitations are due to the population of the current study being based on MASTRO I, in which many
of the included studies did not report this level of detail. Furthermore, MASTRO I included studies from 2015
to 2022 which may not reflect outcomes achieved using the relevant SRs applicable to current clinical practice [9].
Finally, while a WTP threshold ranging from 1 to 3-times China’s GDP per capita was assumed based on a recent
publication [31], this threshold may not be accurate and could impact the assumptions around the cost–effectiveness
of EmboTrap. While accounting for adjunctive devices, rescue devices, changes in health after recurrent stroke,
clot composition, operator experience and hospital volume may influence the economic outcomes associated with
SR use, assessing this was beyond the scope of this study. Further research is needed to understand how including
these factors may impact mRS, and subsequently cost–effectiveness, following MT. Despite these limitations, the
best-available data were used to inform the patient cohort inputs, SR use in current clinical practice, and the
appropriate WTP threshold for assessing cost–effectiveness.

Overall, this study sought to assess the cost–effectiveness of EmboTrap versus Trevo versus Solitaire based on
90-day post-stroke functional outcomes and their subsequent economic impact following MT. The results of
MASTRO I suggest that SR choice may impact post-stroke outcomes, with EmboTrap being associated with
increased likelihood of achieving functional independence compared with Solitaire and Trevo [9]. The current study
suggests that EmboTrap dominates Trevo and is cost-effective in relation to Solitaire, when considering WTP
thresholds of 1, 1.5 and 3-times the China GDP per capita. The results of the current analysis emphasize the
importance of SR selection for MT. In addition to considering factors such as vascular and thrombotic conditions,
surgeon preference, and institutional factors, when possible, selecting a SR that optimizes outcomes post-stroke
should be an important consideration for both clinicians and healthcare payers alike.

Conclusion
The results of this study suggest that MT with EmboTrap dominates Trevo and is cost-effective in relation to
Solitaire in the treatment of patients with AIS in China. Considering that patient 90-day mRS score is predictive
of long-term costs and HRQoL, in addition to accounting for typical SR selection factors, selecting a SR associated
with good functional outcomes 90-days post-stroke is an important consideration from a clinical and healthcare
payer perspective.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: https://bpl-prod.literatumonline.

com/doi/10.57264/cer-2024-0160

Acknowledgments

The authors acknowledge L Zhao, C (Heidi) Bi, S Scheffler, S Ikeme and members of the Value & Evidence team at EVERSANA for

contributing to the study conception, model review, and manuscript writing and review.

Author contributions

Osama O Zaidat, Xinguang Yang, Waleed Brinjikji, Thibaut Galvain and Tommy Andersson contributed to conception of the study,

critically reviewed the model and manuscript, and provided final approval of the version for publication. Emilie Kottenmeier con-

tributed to conception of the study, collection and review of input parameters, model critique and validation, analysis, interpretation

of results, manuscript writing and review and provided final approval of the version for publication. Hendramoorthy Maheswaran

contributed to model review, model validation, correction, and analysis, interpretation of results, manuscript review and provided

final approval of the version for publication. Patrick A. Brouwer and Mahmood Mirza contributed to conception of the study,

model review, parameter and model critique and validation, interpretation of results, manuscript writing and review, and provided

final approval of the version for publication.

10.57264/cer-2024-0160

https://bpl-prod.literatumonline.com/doi/10.57264/cer-2024-0160


Research Article Zaidat, Yang, Brinjikji et al.

Financial disclosure

This study was sponsored by CERENOVUS, Johnson & Johnson MedTech. OO Zaidat reports consulting fees for Stryker, Medtronic,

Johnson & Johnson Cerenovus, and Penumbra; research grants from Stryker, Medtronic, Johnson & Johnson Cerenovus, Penumbra,

and Genentech; in addition, OO Zaidat had a patent for ischemic stroke issued. W Brinjikji reports consulting fees for Medtronic,

Stryker, Imperative Care, Microvention, MIVI Neurovascular, Johnson & Johnson Cerenovus, Asahi, and Balt, holds equity in Nested

Knowledge, Superior Medical Editors, Piraeus Medical, Sonoris Medical, and MIVI Neurovascular, receives royalties from Medtronic

and Balloon Guide Catheter Technology and serves in a leadership or fiduciary role for MIVI Neurovascular, Marblehead Medical

LLC, Interventional Neuroradiology (Editor in Chief), Piraeus Medical, and WFITN. PA Brouwer, M Mirza, E Kottenmeier and H

Maheswaran all report employment by Johnson & Johnson, T Galvain reports previous employment with Johnson & Johnson. T

Andersson reports consulting fees for Anaconda, Johnson & Johnson Cerenovus, Neuravi, Rapid Medical, Optimize Neurovascular,

and holds equity in Ceroflo. The authors have no other relevant affiliations or financial involvement with any organization or entity

with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from those

disclosed.

Competing interests disclosure

The authors have no other competing interests or relevant affiliations with any organization or entity with the subject matter or

materials discussed in the manuscript. This includes employment, consultancies, honoraria, stock ownership or options, expert

testimony, grants or patents received or pending, or royalties.

Writing disclosure

Medical writing and editorial support were provided by EVERSANA and were funded by CERENOVUS, Johnson & Johnson MedTech.

Open access

This work is licensed under the Creative Commons Attribution 4.0 License. To view a copy of this license, visit https://creativeco

mmons.org/licenses/by/4.0/

Summary points

• A cost–effectiveness analysis was conducted for three commonly used SRs (EmboTrap, Solitaire and Trevo) using
functional outcome data reported in MASTRO I, a recent living systematic literature review and meta-analysis.

• Over a 10-year time horizon, Trevo was dominated by EmboTrap as Trevo was more costly but less effective.
• EmboTrap was cost-effective relative to Solitaire based on WTP thresholds of 1, 1.5 and 3-times the China GDP per

capita (i.e., 85,698 CNY/QALY, 128,547 CNY/QALY and 257,084 CNY/QALY, respectively).
• Multiple scenario analyses and the PSA support the results of the base case analyses, with EmboTrap dominating

Trevo and being cost-effective compared with both Solitaire at all three WTP thresholds of interest
(85,698 CNY/QALY, 128,547 CNY/QALY and 257,084 CNY/QALY).

• The deterministic OWSA served to identify key model drivers and supported the robustness of the results;
importantly, varying device cost by ±10% maintained similar trends with the base case analysis, with EmboTrap
dominating Trevo and being cost-effective compared with Solitaire.

• The results of this study should be interpreted within the context of the associated limitations and assumptions
related to model inputs and calculations.

• Further research exploring the costs associated with stroke is needed to inform future cost–effectiveness models.
• The results of this analysis provides additional information that payers and clinicians may leverage in making

evidence-based decisions to inform SR selection for use in MT.
• The results from the current study suggest that outcomes 90-days post-stroke are predictive of long-term costs

and HRQoL, as such, selecting a SR associated with good functional outcomes 90-days post-stroke is an important
consideration from a clinical and healthcare payer perspective.
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