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Background: Heart failure (HF) with mitral regurgitation is associated with decreased survival. Guideline-directed medical therapy and transcatheter edge-to-edge repair (TEER) are the main options for HF patients with severe mitral regurgitation who are considered high-risk or prohibitive. To date, there have been no studies investigating the cost-effectiveness of MitraClip vs. optimal medical therapy (OMT) in a Chinese setting.

Methods: A combined decision tree and Markov model were developed to compare the cost-effectiveness MitraClip vs. OMT with a lifetime simulation. The primary outcome was the incremental cost-effectiveness ratio (ICER), which represented incremental costs per quality-adjusted life-year (QALY). The willingness-to-pay (WTP) threshold was set three times of per capita gross domestic product (GDP) in China in 2021, which was 242,928 CNY. MitraClip would be considered cost-effective if the ICER obtained was lower than the WTP threshold. Otherwise, it would be not considered cost-effective. One-way sensitivity and probabilistic sensitivity analyses were performed to validate the robustness of the results.

Results: After a simulation of the lifetime, the overall cost for a patient in the MitraClip cohort was 423,817 CNY, and the lifetime cost in the OMT was 28,369 CNY. The corresponding effectiveness in both cohorts was 2.32 QALY and 1.80 QALY per person, respectively. The incremental cost and increment effectiveness were 395,448 CNY and 0.52 QALY, respectively, and the ICER was 754,410 CNY/QALY. The ICER obtained was higher than the WTP threshold. Sensitivity analysis validated our finding.

Conclusion: MitraClip provided effectiveness but with more costs compared with OMT, and the incremental cost-effectiveness ratio obtained was higher than the WTP threshold. MitraClip was considered not cost-effective in Chinese HF patients with secondary mitral regurgitation.
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Introduction

Heart failure (HF), a clinical consequence arising from various causes, accounts for at least 20% of hospital admissions among patients older than 65 years (1). Uncorrected valvular diseases, such as mitral regurgitation (MR), often cause diastolic HF. The remodeling of the left ventricle (LV) caused by ischemic or dilated cardiomyopathy leads to displacements of papillary muscles and tethering of leaflets, contributing to secondary MR (2).

Studies have suggested that there is an association between MR and decreased survival in HF patients (3). MR could deteriorate LV function, resulting in adverse clinical outcomes due to a progression of LV remodeling (2). The coexistence of MR and HF significantly worsens the prognosis, and MR is an important therapeutic target for those patients (4). However, surgery is not recommended in patients with severe MR who are considered at high risk or prohibitive. For those patients, guideline-directed medical therapy (MT) and transcatheter edge-to-edge repair (TEER) are the main options (5). MitraClip, the most commonly used device of TEER, is significantly safer than surgery and improves the New York Heart Association functional class and overall survival rates (6, 7).

Since the global problem of HF is growing, the economic burden needs to be addressed. China has recently experienced an increase in HF prevalence of about 2% in recent years, with an estimated 8–10 million patients (8). In 2012, the medical security system of China faced a cost of approximately $5.4 billion related to HF (9). Although TEER is more effective than MT, the relatively high cost has hampered its widespread clinical use in China. Even in developed countries, MitraClip is highly expensive among cardiac therapies. Therefore, evaluating the cost-effectiveness of MitraClip is important for the healthcare system in China.



Materials and methods


Aims and population

This study aimed to compare the cost-effectiveness of MitraClip plus optimal medical therapy (OMT) with OMT alone in Chinese HF patients with secondary MR from the perspective of a healthcare payer. The study was based on a Chinese setting, but the population was a hypothetical cohort with similar baseline characteristics to the patients in the COAPT trial (Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy for Heart Failure Patients With Functional Mitral Regurgitation) (7). In the cohort, the mean age was 72 years, 0.2% of patients had an NYHA classification of NYHA I, 39.0% of patients had an NYHA classification of NYHA II, 52.5% of patients had an NYHA classification of NYHA III, and 8.3% of patients had an NYHA classification of NYHA IV. The patients had a moderate-to-severe or severe secondary MR before enrollment and were randomized to receive MitraClip plus OMT or OMT alone. The inclusion and exclusion criteria of the study were similar to those in the COAPT trial and shown in the Supplementary material.



Model overview

The basic structure of the model consisted of two parts: one was a 30-day decision tree model, and another was a lifetime Markov model. In the 30-day decision tree model, Chinese HF patients with secondary MR were randomly allocated to receive the MitraClip procedure or OMT and would enter different NYHA classifications at the end of this stage. After this stage, the patients included would enter the Markov model with a cycle length of 1 month and a time horizon of a lifetime. In this model, patients would transition among four transition states, including NYHA I, NYHA II, NYHA III, and NYHA IV. If patients died during the cycle, they would enter the absorbed state of “dead,” meaning their cycle was finished. During the cycle, all the patients received OMT, and they also might have experienced HF hospitalization or no event. As the mean age in the study was 72 years and the time horizon was a lifetime, there would be 336 cycles, equal to 28 years, until the life of 100 years, which was far higher than the life expectancy in China. A half-cycle correction was employed in the Markov model to prevent the overestimation of effectiveness and cost. The details of the model are illustrated in Figure 1, which has been validated by another study (10).


[image: Figure 1]
FIGURE 1
 (A) Decision tree and (B) state transition diagram of the Markov model. OMT, optimal medical therapy. HF patients with moderate-to-severe or severe secondary MR were randomly allocated to receive MitraClip plus OMT or OMT alone. One month after the MitraClip procedure/OMT, patients would enter the Markov model and transition among these four NYHA classifications until they entered the terminal node of the dead.




Input parameters
 
Transition probability

The transition probability in our model was mainly derived from the COAPT trial (7, 11). The 30-day outcome was directly extracted from the COAPT trial, and the transition probability in the Markov model was transformed from the COAPT trial to better represent the real efficacy of MitraClip vs. OMT. The transition probability in the COAPT trial was not reported in the published paper, but it was calculated by Estler et al. (10). The transition probability between NYHA classifications is presented in Table 1.


TABLE 1 Transition between NYHA classifications in MitraClip and OMT cohort.
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Costs

The cost of the MitraClip device and other MitraClip-related costs were accessed from a Chinese hospital (12), as there was no study on the cost of MitraClip in China. The cost of the MitraClip device was 322,000 Chinese Yuan (CNY) (equal to 49,922 USD, according to the average ratio of 6.45 in 2021), accounting for over 80% of the overall cost. Other MitraClip-related costs included procedure costs, nursing costs, ward costs, diagnosis costs, medicine costs, complication costs, etc. The cost of the MitraClip device and other MitraClip-related costs were only calculated in the MitraClip cohort, but the cost of OMT and HF hospitalization was calculated in both cohorts. The cost of OMT was derived from a study investigating the burden of HF in China, and the annual cost of OMT and cost of HF hospitalization were 5,138 CNY and 10,926 CNY, respectively (13). Regarding the cost of the MitraClip device and other MitraClip-related and HF hospitalization costs, a one-time cost was employed. However, for the cost of OMT, the annual cost was converted into the monthly cost and input into the model. All the costs were converted to the corresponding costs in China in 2021 using the Consumer Price Index (CPI) in China in the past few years (Table 2). The healthcare CPI in China from 2015 to 2021 were 1.027, 1.038, 1.06, 1.043, 1.024, 1.018, and 1.004, separately (23).


TABLE 2 Input parameters of decision tree and Markov model.
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Utility

The utility of MitraClip-related cost was derived from a study of cost-effectiveness analysis, which reported that the one-month disutility for the MitraClip procedure was −0.043 (10, 19). The utility of different NYHA classifications was obtained from a study of the Chinese population (17). The utilities of NYHA I, II, III, and IV were 0.78, 0.78, 0.715, and 0.66, respectively. Regarding the utility of HF hospitalization, the common disutility of −0.1 was employed in the model (20, 21). Similar to the input of costs, the input of NYHA utilities was also converted to monthly utility, but other one-time utilities were not converted (Table 2).




Analysis

The primary outcome of the study was the incremental cost-effectiveness ratio (ICER), which represented incremental costs per quality-adjusted life-year (QALY). The willingness-to-pay (WTP) threshold was set three times of per capita gross domestic product (GDP) in China in 2021, according to the China Guidelines for Pharmacoeconomic Evaluations (22), which was 242, 928 CNY = 80, 976 CNY x 3. MitraClip would be considered cost-effective if the ICER obtained was lower than the WTP threshold. Otherwise, it would be considered not cost-effective. Moreover, if MitraClip was not cost-effective, the cost-effective cost would be calculated, mainly including the overall cost and the cost of the MitraClip device. Scenario analysis based on the cost of the MitraClip device in other regions was also performed.

Sensitivity analysis included one-way sensitivity analysis and probabilistic sensitivity analysis (PSA). In the one-way sensitivity analysis, input parameters varied between their 95% confidence interval (CI), and the results of one-way sensitivity were shown with a Tornado Diagram. In the PSA, 10,000 times of Monte Carlo simulation based on probabilistic sensitivity sampling was employed. Costs were assumed to follow the gamma distribution. Transition probability and utility were assumed to follow the beta distribution in the PSA. The results of PSA were illustrated using a scatter plot and cost-effectiveness acceptability curve.




Results

Table 3 shows model input values for baseline patient characteristics of the COAPT population.


TABLE 3 Model input values for baseline patient characteristics of the COAPT population.
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Base case analysis

In the base case analysis, the lifetime cost for a patient in the MitraClip cohort was 423,817 CNY, and the lifetime cost in the OMT cohort was 28,369 CNY. The corresponding effectiveness in both cohorts was 2.32 QALY and 1.80 QALY, respectively. The incremental cost and increment effectiveness were 395,448 CNY and 0.52 QALY, respectively; thus, an ICER of 754,410 CNY/QALY was obtained. The ICER was higher than the WTP threshold of 242,928 CNY/QALY (Table 4).


TABLE 4 Base case analysis and scenario analysis.
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In the lifetime simulation, an HF patient with secondary MR who received MitraClip would suffer approximately 1.16 HF hospitalizations, and it was 1.51 if OMT alone was given. Additionally, an HF patient who received MitraClip had a life expectancy of 3.72 life years, and it was 2.90 life years for those who received OMT alone.



Scenario analysis

As shown in Table 4, the cost of the MitraClip device ranged from 143,951 CNY to 247,478 CNY in different regions, and the ICER based on these costs and the Chinese setting was always higher than the WTP threshold. When the MitraClip device cost was lower than 54,319 CNY (about 16.9% of the current price), or the overall cost of MitraClip was lower than 127,978 CNY (about 32.3% of the current cost), the ICER would be lower than the WTP threshold.



Sensitivity analysis

One-way sensitivity analysis showed that the cost of the MitraClip device impacted most ICER fluctuations, and the discount rate impacted the ICER secondly. Whatever the cost of the MitraClip device or the discount rate ranged, the ICER was always higher than the WTP threshold (Figure 2).


[image: Figure 2]
FIGURE 2
 Tornado diagram of ICER based on different input parameters. The cost of the MitraClip device had the largest impact on the ICER fluctuation. The discount rate also impacted the ICER. Other parameters had little impact on the ICER.


A scatter plot based on PSA showed that under the WTP threshold of 242,928 CNY/QALY, there was a <1% probability that MitraClip was of cost-utility (Figure 3). Cost-utility acceptability curve showed that when the WTP threshold was about 750,000 CNY/QALY, MitraClip shared similar acceptability with OMT in Chinese patients (Figure 4).
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FIGURE 3
 Scatter plot based on 10,000 times Monte Carlo simulation. The straight line indicated the WTP threshold. The dots were almost all above the line.
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FIGURE 4
 Cost-effectiveness acceptability curve based on probabilistic sensitivity analysis. The acceptability of MitraClip grew higher as the WTP threshold increased. When the WTP threshold was about 750,000 CNY/QALY, MitraClip shared similar acceptability with OMT.





Discussion

The present study was the first one to investigate the cost-effectiveness of MitraClip in Chinese HF patients with secondary MR. In our analysis, we found that a patient treated with MitraClip could gain an additional 0.52 QALY than those treated with OMT, but the incremental cost was 395,448 CNY, causing an ICER of 754,410 CNY/QALY (equal to 116,963 USD/QALY), which is higher than the WTP threshold in China in 2021. MitraClip was considered not cost-effective in the current Chinese setting.

Three previous studies have tested the cost-effectiveness of MitraClip against OMT in the UK. One of the studies used data from the EVERSET II trial that included patients with primary and secondary MR and found that the ICER was £52,947 /QALY (equal to 469,956 CNY/QALY or 72,844 USD/QALY) (24). The second study based on the COAPT trial has reported an ICER of £30 057/QALY (equal to 266,785 CNY/QALY or 41,352 USD/QALY) (25). Another study also based on the COAPT trial has shown that the ICER of MitraClip was £23,270/QALY [equal to 206,544 CNY/QALY or 32,015 USD/QALY] (16). One study from Germany has shown that the MitraClip was cost-effective, with an ICER standing at €59,728 (equal to 455,736 CNY/QALY or 70,640 USD/QALY) (26). Additionally, MitraClip has been considered a cost-effective procedure in Italy (27). Almost all published papers have concluded that the obtained ICER ranged from 9,353 to 72,844 USD/QALY (24, 27). However, the ICER in our study was much higher than that in other studies. It might be attributed to the following aspects. First, the cost of overall MitraClip in China is higher than in other regions. According to our search of published articles, the cost of a MitraClip device ranged from 143,951 to 247,478 CNY in different countries (10, 16), but the price in China is 322,000 CNY, which is about twice the price abroad. Moreover, there is not so much difference in other MitraClip-related costs in China and other countries. Second, the cost of OMT in China is much lower than that in other regions (13), partly due to the collective purchasing policy launched by the Chinese government to provide better healthcare services. Third, the effectiveness of our study was lower than in other studies. The incremental effectiveness in Sakamaki's study was 1.44 QALY, but it was 0.52 QALY in our study mainly because their study was based on an observational study while our study was based on an RCT study (15). The incremental effectiveness in our study was almost consistent with Estler's one as we adopted the same model but was not completely consistent as the discount rate in China was higher than that in Germany (10).

As the largest developing country, China has 1.4 billion people, with 3.41% having MR (28), but the current cost of MitraClip is above the WTP threshold, which might partly account for the low proportion of Chinese HF patients with MR. Moreover, collective purchasing has decreased the cost of OMT in China, and novel agents, such as sodium-glucose cotransporter inhibitors and angiotensin receptor neprilysin inhibitors, have been widely used in Chinese HF patients and improved clinical outcomes (29). The ICER of MitraClip vs. OMT is 754,410 CNY/QALY, which is far higher than the WTP threshold of 242,928 CNY/QALY in China. Although the WTP threshold in some regions in China may be higher than that value due to the uneven economic development, the obtained ICER is still higher than the WTP threshold of the most developed regions in China. Additionally, we adopted the lowest cost abroad in our scenario analysis, and the ICER was still higher than the WTP threshold, suggesting the WTP threshold was lower in China than in other countries (10, 30). The deterministic analysis and uncertain analysis confirmed our findings. In our Tornado diagram, we found that the cost of MitraClip had the largest impact on the ICER fluctuation. However, although the 50% discount on the current price was adopted, the ICER was still higher than the WTP threshold. The cost-effectiveness acceptability curve indicated that the acceptability of MitraClip was < 1% under the current context.

Although MitraClip could benefit HF patients with MR, it is still not cost-effective in the current Chinese setting. One reason is that the MitraClip device was introduced to China in 2020, and the first MitraClip procedure was performed in 2021. Furthermore, the number of MitraClip procedures in China is not currently high. The Chinese government launched a collective purchasing policy in 2017 to lower the price of drugs, and medical services, drugs, or medical devices only with cost-effectiveness could be included in the purchasing lists and be purchased by Chinese public hospitals, which provided over 80% healthcare in China. MitraClip could be cost-effective only with a discount of 83% on the MitraClip device or a 68% discount on the overall cost.

Notably, our study was based on the COAPT study, demonstrating that MitraClip resulted in a lower HF hospitalization rate and lower all-cause mortality compared with OMT alone. However, the MITRA-FR proved that MitraClip did not improve the clinical outcomes compared with OMT (31). The main difference between the two studies lies in the population selection. In the COAPT study, enrolled patients had more severe MR, smaller LV end-diastolic volume, better guideline-directed medical therapy, and more experienced surgeons. Moreover, observational studies have also demonstrated that MitraClip entailed better survival outcomes compared with OMT (32, 33). These results suggested that the selection of proper patients is critical to clinical outcomes.

There were several limitations in our study. First, our study was performed based on validated mathematical models, and a real-world study might provide more powerful evidence, although one-way sensitivity analysis and PSA demonstrated the robustness of our results. Second, the cost of MitraClip was derived from an institution, which might not completely represent the real cost in China, and we resolved it by one-way sensitivity analysis using a 50% discount on the current price. Third, the transition probabilities were accessed from a published study and validated by authors but not from the raw data, which might have caused bias. Last, the study was performed from the perspective of a healthcare payer, and perhaps a perspective from society could offer more comprehensive information, but it was too difficult for us to finish it as we could not access the non-direct cost of MitraClip.



Conclusion

In a lifetime simulation of MitraClip for HF treatment with secondary MR, MitraClip resulted in an additional 0.52 QALY in effectiveness and 395,448 CNY in cost compared with OMT. The ICER in the simulation was 754,410 CNY/QALY, which was higher than the WTP threshold in the current Chinese context. Thus, MitraClip was considered not cost-effective in Chinese HF patients with secondary MR.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

WX and KH collected data and drafted the manuscript, and YL came up with the idea and developed the model. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.970118/full#supplementary-material



References

 1. Jessup M, Brozena S. Heart failure. N Engl J Med. (2003) 348:2007–18. doi: 10.1056/NEJMra021498

 2. Chehab O, Roberts-Thomson R, Ling CN, Marber M, Prendergast BD, Rajani R et al. Secondary mitral regurgitation: pathophysiology, proportionality and prognosis. Heart. (2020) 106:716–23. doi: 10.1136/heartjnl-2019-316238

 3. Parcha V, Patel N, Kalra R, Suri SS, Arora G. Arora P. Mortality due to mitral regurgitation among adults in the United States: 1999–2018. Mayo Clin Proc. (2020) 95:2633–43. doi: 10.1016/j.mayocp.2020.08.039

 4. Kaneko H, Kiriyama H, Kamon T, Itoh H, Kodera S, Fujiu K, et al. Percutaneous mitral valve intervention using mitraclip for functional mitral regurgitation and heart failure. Int Heart J. (2021) 62:4–8. doi: 10.1536/ihj.20-712

 5. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al. 2021 ESC/EACTS Guidelines for the management of valvular heart disease. Eur Heart J. (2022) 43:561–632. doi: 10.1093/ejcts/ezac209

 6. Feldman T, Kar S, Elmariah S, Smart SC, Trento A, Siegel RJ et al. Randomized comparison of percutaneous repair and surgery for mitral regurgitation:5-year results of EVEREST II. J Am Coll Cardiol. (2015) 66:2844–54. doi: 10.1016/j.jacc.2015.10.018

 7. Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM et al. Transcatheter mitral-valve repair in patients with heart failure. N Engl J Med. (2018) 379:2307–18. doi: 10.1056/NEJMoa1806640

 8. Jiang Y, Zheng R, Sang H. Cost-effectiveness of adding SGLT2 inhibitors to standard treatment for heart failure with reduced ejection fraction patients in China. Front Pharmacol. (2021) 12:733681. doi: 10.3389/fphar.2021.733681

 9. Cook C, Cole G, Asaria P, Jabbour R, Francis DP. The annual global economic burden of heart failure. Int J Cardiol. (2014) 171:368–76. doi: 10.1016/j.ijcard.2013.12.028

 10. Estler B, Rudolph V, Seleznova Y, Shukri A, Stock S, Müller D. Cost-effectiveness of the MitraClip device in German heart failure patients with secondary mitral regurgitation. Eur J Health Econ HEPAC Health Econ Prevent Care. (2022). doi: 10.1007/s10198-022-01476-4. [Epub ahead of print].

 11. Mack MJ, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM et al. 3-year outcomes of transcatheter mitral valve repair in patients with heart failure. J Am Coll Cardiol. (2021) 77:1029–40. doi: 10.1016/j.jacc.2020.12.047

 12. Beijing Anzhen hospital. Available online at: https://www.anzhen.org/ (accessed June 3, 2022).

 13. Wang H, Chai K, Du M, Wang S, Cai JP, Li Y et al. Prevalence and incidence of heart failure among urban patients in China: a national population-based analysis. Circulat Heart Failure. (2021) 14:e008406. doi: 10.1161/CIRCHEARTFAILURE.121.008406

 14. Baron SJ, Wang K, Arnold SV, Magnuson EA, Whisenant B, Brieke A et al. Cost-effectiveness of transcatheter mitral valve repair vs. medical therapy in patients with heart failure and secondary mitral regurgitation: results from the COAPT trial. Circulation. (2019) 140:1881–91. doi: 10.1161/CIRCULATIONAHA.119.043275

 15. Sakamaki H, Nakao K, Matsumoto T, Inoue S. Cost-effectiveness analysis of percutaneous mitral valve repair with the MitraClip delivery system for patients with mitral regurgitation in Japan. J Med Econ. (2019) 22:1312–20. doi: 10.1080/13696998.2019.1668132

 16. Cohen DJ, Wang K, Magnuson E, Smith R, Petrie MC, Buch MH et al. Cost-effectiveness of transcatheter edge-to-edge repair in secondary mitral regurgitation. Heart. (2022) 1089:717–24. doi: 10.1136/heartjnl-2021-320005

 17. Xuan JW, Tao LB, Zhu SQ, Zhang ML, Ni Q, Sun Q. Real world survey of non-direct medical cost and quality of life for heart failure patients of China. China Health Insurance. (2017) 3:61–4. doi: 10.19546/j.issn.1674-3830.2017.3.013

 18. Tadmouri A, Blomkvist J, Landais C, Seymour J, Azmoun A. Cost-effectiveness of left ventricular assist devices for patients with end-stage heart failure: analysis of the French hospital discharge database. ESC Heart Failure. (2018) 5:75–86. doi: 10.1002/ehf2.12194

 19. Chaplin S, Scuffham PA, Alon M, Van den Boom G. Secondary prevention after PCI: the cost-effectiveness of statin therapy in the Netherlands. Netherlands Heart J Monthly J Netherlands Soc Cardiol Netherlands Heart Found. (2004) 12:331–6.

 20. Yao Y, Zhang R, An T, Zhao X, Zhang J. Cost-effectiveness of adding dapagliflozin to standard treatment for heart failure with reduced ejection fraction patients in China. ESC Heart Fail. (2020) 7:3582–92. doi: 10.1002/ehf2.12844

 21. Wu Y, Tian S, Rong P, Zhang F, Chen Y, Guo X, et al. Sacubitril-valsartan compared with enalapril for the treatment of heart failure: a decision-analytic markov model simulation in China. Front Pharmacol. (2020) 11:1101. doi: 10.3389/fphar.2020.01101

 22. Liu GG, Hu SL, Wu JH, Wu J, Yang L, Li HC. China Guidelines for Pharmacoeconomic Evaluations, Chinese–English Version. Beijing: China Market Press (2020).

 23. National-Bureau-of-Statistics (2020). Available online at: https://data.stats.gov.cn/tablequery.htm?code=AD09&from=singlemessage (accessed June 3, 2022).

 24. Mealing S, Feldman T, Eaton J, Singh M, Scott DA. EVEREST II high risk study based UK cost-effectiveness analysis of MitraClip® in patients with severe mitral regurgitation ineligible for conventional repair/replacement surgery. J Med Econ. (2013) 16:1317–26. doi: 10.3111/13696998.2013.834823

 25. Shore J, Russell J, Frankenstein L, Candolfi P, Green M. An analysis of the cost-effectiveness of transcatheter mitral valve repair for people with secondary mitral valve regurgitation in the UK. J Med Econ. (2020) 23:1425–34. doi: 10.1080/13696998.2020.1854769

 26. Guerin P, Bourguignon S, Jamet N, Marque S. MitraClip therapy in mitral regurgitation: a Markov model for the cost-effectiveness of a new therapeutic option. J Med Econ. (2016) 19:696–701. doi: 10.3111/13696998.2016.1157484

 27. Armeni P, Boscolo PR, Tarricone R, Capodanno D, Maggioni AP, Grasso C et al. Real-world cost effectiveness of MitraClip combined with medical therapy vs. medical therapy alone in patients with moderate or severe mitral regurgitation. Int J Cardiol. (2016) 209:153–60. doi: 10.1016/j.ijcard.2016.01.212

 28. Hu P, Liu XB, Liang J, Zhu QF, Pu CX, Tang MY et al. A hospital-based survey of patients with severe valvular heart disease in China. Int J Cardiol. (2017) 23:244–7. doi: 10.1016/j.ijcard.2016.11.301

 29. Working Group on Heart Failure N.C.f.C.Q.I.N. 2020 clinical performance and quality measures for heart failure in China. Chinese Circulat J. (2021) 36:221–38. doi: 10.3969/j.issn.1000-3614.2021.03.002

 30. Liang Z, Chen Q, Yang F, Yan X, Zhang X, Chen X et al. Cost-effectiveness of evolocumab therapy for myocardial infarction: the chinese healthcare perspective. Cardiovascular Drugs Therapy. (2021) 35:775–85. doi: 10.1007/s10557-020-07079-6

 31. Obadia JF, Messika-Zeitoun D, Leurent G, Iung B, Bonnet G, Piriou N et al. Percutaneous repair or medical treatment for secondary mitral regurgitation. N Engl J Med. (2018) 379:2297–306. doi: 10.1056/NEJMoa1805374

 32. Giannini C, Fiorelli F, De Carlo M, Guarracino F, Faggioni M, Giordano P et al. Comparison of percutaneous mitral valve repair vs. conservative treatment in severe functional mitral regurgitation. Am J Cardiol. (2016) 117:271–7. doi: 10.1016/j.amjcard.2015.10.044

 33. Willits I, Keltie K, de Belder M, Henderson R, Linker N, Patrick H et al. Safety, effectiveness and costs of percutaneous mitral valve repair: a real-world prospective study. PLoS ONE. (2021) 16:e0251463. doi: 10.1371/journal.pone.0251463





OPS/images/fcvm-09-970118-t001.jpg
°\ From

To™ NYHAI
MitraClip/OMT

NYHAT 0.960/0.950
NYHA Tl 0.005/0.010
NYHA 11l 0/0
NYHA IV /0

NYHA, New York Heart Associatior

NYHA II

0.040/0.050

0.945/0.940

0.025/0.020
0/0

NYHA 11T

0/0
0.050/0.040
0.895/0.920

0/0

ical therapy: HE heart failure.

NYHA IV

0/0
0/0.010
0.070/0.050
0.800/0.750

HF death

0/0

0/0
0.010/0.010
0.200/0.250

References

(7,10)
(7,10)
(7,10)
(7,10)





OPS/images/fcvm-09-970118-t002.jpg
Parameters

Cost of MitraClip related (CNY)
Device

Procedure

Diagnosis

Medicine

Complications

Ward

Nursing

Others

Monthly cost of OMT (CNY)*
Cost of HF hospitalization (CNY)*
Cost in scenario analysis
German MitraClip device cost
US MitraClip device cost
Japanese MitraClip device cost
UK MitraClip device cost

Utillty (Monthly)

NYHA T

NYHA T

NYHA Il

NYHA TV

Average disutility of complications
Disutility of MitraClip procedure
Disutility of HF hospitalization

Discount rate

Monthly cost of OMT is 42
bCost of HF hospitalization
<Monthly utility of NYHA I is 0.065

Base

322,000
12,172
16,249
5018
15,070

683
659
23,808
28
10,926

247,478
197,597
179,504
143,951

0.065
0.065
0.060
0055
0.005
0.043
0.10

005

Range

161,000-386,400
6,086-24,343
8,125-32,499
2,509-10,037
7,535-30,140
341-1,365
330-1,319
11,904-47,616
214-856
5,463-21,852

0.062-0.068
0.062-0.068
0.057-0.063
0.052-0.058
0.003-0.007
0.034-0.051
0.08-0.13
0-0.08

(679°29/2 4+ 71117 19.2)/(29/2 +19.2)'6.75'1.043 1024 1018 1.004/12.
10926 = (1218.4°36.7/2 + 1646.8'29.6) /(29.6 + 36.7/2)'6.75'1.043 1024 "1.018"1.004.

Distribution

B T I BT

~ Tt e e BB

References

12)
(12)
12)
(12)
(12)
12)
(12)
(12)
(13)
13)

(10)
(14)
(15)
(16)

a7)
a7)
a7
a7
(10,18)
(10,19)
(20,21)
(22)





OPS/images/fcvm-09-970118-g003.gif
Incremental Cost (CNY)

Scatter plot
600000

400000

200000
y242008%

06 08
iveness (QALY)

10





OPS/images/fcvm-09-970118-g004.gif
Acceptability curve

104
— MitraClip

— omT

001
500000 600000 700000 800000 900000 1000000

WTP (CNY/QALY)





OPS/images/fcvm-09-970118-t003.jpg
Parameters COAPT population

Age, years (mean) 723
Male (%) 6.1
Diabetes (%) 373
Hypertension (%) 80.5
Previous myocardial infarction (%) 515
Chronic obstructive pulmonary disease (%) 233
History of atrial fibrillation or flutter (%) 553
Body-mass index (kg/m?) 27.1
Anemia (%) 613
STS risk score 82
Mean (%)

=8% (%) 427
Cause of cardiomyopathy (%)

Ischemic 60.8
Nonischemic 392
NYHA class (%) 02

1 390
1t 525
w 83
Hospitalization for heart failure within previous 1 year 572
(%)

Previous cardiac resynchronization therapy (%) 365
Previous implantation of defibrillator (%) 313
B-type natriuretic peptide level (pg/ml) 1016.0
N-terminal pro-B-type natriuretic peptide level (pg/ml) 5550.1
Severity of mitral regurgitation (%) 522
Moderate-to-severe, grade 3+

Severe, grade 44 47.9
Effective regurgitant orifice area (cm?) 041
Left ventricular end-systolic dimension (cm) 53
Left ventricular end-diastolic dimension (cm) 62
Left ventricular end-systolic volume (ml) 1349
Left ventricular end-diastolic volume (ml) 1927

Left ventricular ejection fraction
Mean (%) 313
<40% (%) 2.1

Right ventricular systolic pressure (mm Hg) 443





OPS/images/fcvm-09-970118-t004.jpg
Arm Cost of MitraClip ~ Cost of overall Lifetime cost  Lifetime eff Incre cost Incre eff ICER ICER/WTP

device (CNY) MitraClip (CNY) (CNY) (QALY) (CNY) (QALY) (CNY/QALY)
Base case OMT / 1 28,369 1.80 / 1 /
MitraClip 322,000 395,659 423,817 232 395448 052 754,410 31
Scenario 1: German MitraClip ~ MitraClip 247478 321,137 349,295 232 320,926 052 612,241 25
device cost
Scenario 2: US MitraClip MitraClip 197,597 271,256 299,414 232 271,045 052 517,082 21

device cost
Scenario 3: Japanese MitraClip 179,504 253,163 281,321 232 252,952 052 482,566 20

MitraClip device cost

Scenario 4: UK MitraClip MitraClip 143,951 217,610 245,768 232 217,399 052 414,740 17
device cost

Scenario 5: Cost-effective cost  MitraClip 54,319 1 155,707 232 127,339 052 242,928 1
1

Scenario 6: Cost-effective cost  MitraClip / 127,978 155,707 232 127,339 052 242,928 1
2

qualty-adjusted life-year; Incre, incremental; Eff, effectiveness; ICER, incremental cost-effectiveness ratio; WTR willingness-to-pay. Cost of overall MitraClip included the cost of the MitraClip

cost, medicine cost, complication cost, and others.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		MitraClip for the treatment of heart failure with mitral regurgitation: A cost-effectiveness analysis in a Chinese setting



		Introduction



		Materials and methods



		Aims and population



		Model overview



		Input parameters



		Transition probability



		Costs



		Utility









		Analysis







		Results



		Base case analysis



		Scenario analysis



		Sensitivity analysis







		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

MitraClip for the treatment of
heart failure with mitral
regurgitation: A
cost-effectiveness analysis in a
Chinese setting





OPS/images/fcvm-09-970118-g001.gif
NYIAT

_ MisCiip
~onT
NI
n NvHA T
NYHAIY
oMt
Desd






OPS/images/fcvm-09-970118-g002.gif
[m—v
Hopatora i YA I N1
bk
Hopslnin i YA il

[ —
i

Mg e 2 VA
Ty e e

D oAy
gt s XVIAONT
Hoainon e XA 8O
gt s A VIA oty
oot wud e ity

Cont ofmring oo s MioaCEy

ICER-TSU10










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
¥ frontiers | Frontiers in Cardiovascular Medicine





