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Objective: To compare the efficacy and safety of bioresorbable scaffolds (BRS) with drug-eluting stents (DES) in patients with myocardial infarction undergoing percutaneous coronary interventions (PCI).

Methods: We performed a systematic review and meta-analysis of randomized controlled trials (RCTs) comparing BRS with DES on clinical outcomes with at least 12 months follow-up. Electronic databases of PubMed, CENTRAL, EMBASE, and Web of Science from inception to 1 March 2022 were systematically searched to identify relevant studies. The primary outcome of this study was the device-oriented composite endpoint (DOCE) consisting of cardiac death, target-vessel myocardial infarction, and target lesion revascularization. Secondary outcomes were a composite of major adverse cardiac events (MACE, all-cause death, target-vessel myocardial infarction, or target vessel revascularization) and the patient-oriented composite endpoint (POCE, defined as a composite of all-cause death, myocardial infarction, or revascularization). The safety outcomes were definite/probable device thrombosis and adverse events.

Results: Four randomized clinical trials including 803 participants with a mean age of 60.5 ± 10.8 years were included in this analysis. Patients treated with BRS had a higher risk of the DOCE (RR 1.62, 95% CI: 1.02–2.57, P = 0.04) and MACE (RR 1.77, 95% CI: 1.02–3.08, P = 0.04) compared with patients treated with DES. No significant difference on the POCE (RR 1.33, 95% CI: 0.89–1.98, P = 0.16) and the definite/probable device thrombosis (RR 1.31, 95% CI: 0.46–3.77, P = 0.61) were observed between BRS and DES. No treatment-related serious adverse events were reported.

Conclusion: BRS was associated with a higher risk of DOCE and MACE compared with DES in patients undergoing PCI for myocardial infarction. Although this seems less effective in preventing DOCE, BRS appears as safe as DES.

Systematic review registration: [https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=321501], identifier [CRD 42022321501].
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Introduction

The vascular stent has been considered one of the landmark advancements in interventional cardiology. Even though the new generation of drug-eluting stents (DES) using stainless steel with a polymer coating carrying anti-cell-proliferative drugs has greatly reduced the risk of stent thrombosis (ST), target lesion revascularization (TLR), and other major adverse cardiac events (MACE) (1–4), in-stent restenosis caused by neointimal hyperplasia or ST induced by suppression of endothelial cells are often observed in DES (5). There is a 2–3% annual incidence of device-related adverse events (AEs) 1 year after stent implantation regardless of stent type (6). This hazard has been attributed to the presence of a metallic implant that distorts and constrains the vessel, causing chronic inflammation and vascular remodeling, finally leading to very late events consisting of target vessel revascularization, target-vessel myocardial infarction, and TLR (7, 8). In addition, the DES has been found to cause remarkable alteration in the electrical parameters of the erythrocyte membrane, indicating that the full biocompatibility of current metal stents has not yet been reached (9). The bioresorbable scaffolds (BRS) which provide similar mechanical support and drug release with DES early after implantation but could be completely absorbed later were thus developed to overcome problems associated with metallic stents remaining in the coronary arteries for long periods (10, 11). And the physiological advantages of BRS, such as late lumen enlargement and vasomotion, are particularly appealing for coronary revascularization. However, evidence on the safety and efficacy of BRS vs. DES in patients with myocardial infarction is inconsistent; some trials (12–14) showed that BRS was similar to or better than DES on a device-oriented endpoint, while other trials reported that BRS was associated with higher risk TLR (15, 16). Therefore, we conducted this systematic review and meta-analysis to compare the efficacy and safety of BRS vs. DES in patients with myocardial infarction undergoing percutaneous coronary interventions (PCI).



Methods

Our review was registered at PROSPERO (CRD 42022321501) and was performed according to the PRISMA guidelines (17) and the Cochrane Collaboration recommendations (18).


Study eligibility criteria

Trials were included in the analysis if they fit the following criteria: (1) RCTs, only randomized controlled trials were included to avoid confounding; (2) participants with established myocardial infarction, including ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial infarction; (3) comparing BRS with DES; (4) with a follow-up of at least 12 months; and (5) reporting at least one of the study outcomes.



Study outcomes

The device-oriented composite endpoint (DOCE), consisting of cardiac death, target-vessel myocardial infarction, and TLR was the main outcome measure for our study. MACE (defined as a composite of all-cause death, target-vessel myocardial infarction, or target vessel revascularization) and the patient-oriented composite endpoint (POCE, all-cause death, myocardial infarction, or revascularization) were the secondary outcomes. The major safety outcome measures were definite/probable device thrombosis and AEs. We abstracted the outcome data at the end of study follow-up and used the longest follow-up reported for each study.



Search methods

In accordance with PRISMA guidelines (17), we searched PubMed, CENTRAL, EMBASE, and Web of Science with the keywords “everolimus-eluting stent,” “drug-eluting stent,” “Xience,” “BVS,” “BRS,” “bioresorbable scaffold,” “bioabsorbable scaffold,” “bioabsorbable stent,” “bioresorbable stent,” and “randomized trial” up to 1 March 2022. No restrictions were applied concerning language. The detailed search strategies, which were constructed using “BRS,” “DES,” and “myocardial infarction” for PubMed, are presented in Supplementary material.



Data collection and analyses

Two authors (YL and DX) performed study screening and data extraction independently, with disagreement resolved by discussion and consensus, and a third author was consulted when no consensus was reached. The following data were extracted: study characteristics (e.g., study date and location), participants (e.g., age and gender), control (i.e., DES and everolimus-eluting stents), interventions (i.e., BRS and bioresorbable everolimus-eluting vascular scaffolds), and outcomes (e.g., cardiac death, target-vessel myocardial infarction, and TLR). When reported data were insufficient for analysis, we contacted the study authors for additional data.



Risk of bias assessment

Each study was assessed independently the risk of bias by two authors (RZ and LM) using the Cochrane risk of bias tool (18), evaluating selection bias, performance bias, detection bias, attrition bias, reporting bias, and other biases of the included trials.



Publication bias risk

Publication bias was planned to be evaluated by funnel plot inspection when there were 10 or more trials. However, due to the insufficient RCTs included in our study, risk of publication bias was not performed.



Data synthesis

Categorical variables are reported as frequencies with percentages, and we reported continuous variables as mean ± SD or median (interquartile range). The dichotomous pooled outcomes were calculated as risk ratios (RRs) with 95% confidence interval (CI) and we calculated mean differences (MDs) or standardized mean differences (SMDs) with 95% CI for continuous data. As a measure of between-study heterogeneity, I2 was calculated; I2 values of 25, 50, and 75% were interpreted as mild, moderate, and severe between-study heterogeneity, respectively. A fixed-effects model was used when study-specific risk estimates were homogeneous; otherwise, a random-effects model was used. The funnel plots was used to assess publication bias. The Stata software (version 17.0; Stata Corporation, College Station, TX, USA) and REVMAN software (version 5.4; Cochrane Collaboration, 2020) were used to verify and analyze the clinical data.



Subgroup analysis

Subgroup analyses, based on different populations (e.g., ST-segment elevation myocardial infarction vs. non-ST-segment elevation myocardial infarction) and the comprehensiveness of each intervention, were planned. Nevertheless, due to insufficient data, we were unable to perform the preplanned analyses.




Results


Literature search

The literature search and screening process are shown in Figure 1. After the initial search of electronic databases, a total of 753 citations were retrieved. And 24 full-text articles were reviewed for eligibility after removing duplications and screening titles and abstracts. Ultimately, 4 RCTs [6 records (15, 19–23)] with a total of 803 participants treated with BRS or DES were included (15, 19, 21, 23) (excluded records were listed in Supplementary material).
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FIGURE 1
Flowchart for the trial selection. RCTs, randomized controlled trials; MI, myocardial infarction.




Characteristics of included studies and participants

Patients were randomized to be treated with Absorb™ everolimus-eluting BRS (Abbott Vascular, Santa Clara, CA, USA/Magmaris®, Biotronik Ag, Bülack, Switzerland), bioresorbable everolimus-eluting scaffolds BVS, the XIENCE metallic everolimus-eluting stents (Abbott Vascular), or sirolimus-eluting stents (Orsiro®, Biotronik AG, Bülack, Switzerland). Baseline patient characteristics are shown in Tables 1, 2. And 81.9% of patients included in this analysis were male with a mean age of 60.5 ± 10.8 years, 51.0% had hypertension, 55.1% had dyslipidemia, 18.4% had diabetes mellitus, 9.0% had a preceding history of myocardial infarction, 10.2% had a prior history of PCI, and 41.9% were smokers. The prevalence of the other comorbidities, that is, obesity and chronic obstructive pulmonary disease (COPD) were only reported in two trials, which demonstrate no significant between-group difference (15, 21, 23). Three trials (15, 21, 23) reported antiplatelet/anticoagulant therapy during the procedure and the difference between groups was not statistically significant. In addition, two trials reporting dual antiplatelet therapy at 1-year follow-up showed no differences between BRS and DES groups in dual antiplatelet use. Lesion and procedural characteristics are shown in Table 3. The culprit vessels were present in the left anterior descending artery in 409 patients (51.6%), in the right coronary artery in 313 patients (39.5%), and the left circumflex artery in 138 patients (17.4%). All angiograms were mainly analyzed by quantitative coronary angiography (QCA) in the four included trials, except in the case of one trial (19). Regarding lesion preparation, pre-dilatation was performed in 80.3% and post-dilatation was performed in 53.4% of all included participants. Follow-up data on clinical outcomes were available in 98.6% (n = 792) of all included patients [98.0% (435/444) BRS vs. 99.4% (357/359) DES].


TABLE 1    Clinical characteristics of included trials.
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TABLE 2    Clinical characteristics of included trials.
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TABLE 3    Lesion and procedural characteristics of included trials.
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Risk of bias

Detailed bias assessments are provided in Supplementary Table 1. The Random sequence generation was described in detail in all included trials (15, 19, 21, 23). Therefore, all included trials were at low risk for selection bias. Regarding sequence generation and allocation concealment, only three trials (15, 21, 23) reported that the allocation schedule was generated by computer, while the remaining one trial (19) did not report how the sequence allocation was conducted and was thus assessed as high risk of selection bias. All four included trial were assessed as high risk of performance bias due to the open-label design. Concerning the blinding of outcome assessment, it was graded as low since the outcomes of interest were clinical events (i.e., myocardial infarction, cardiac death, etc.) which are objectives and well-defined endpoints. The attrition bias also was low given that 11 patients were lost to follow-up for all-cause death in one trial (23) [5.2% (9/173) BRS vs. 2.2% (2/89) DES] and three trials (15, 19, 21) reported no patient was lost to follow-up. Regarding the selective reporting of outcomes, one trial (19) was considered to have an unclear risk due to the lack of study protocol.



Treatment outcomes


Device-oriented composite endpoint

A total of four trials (15, 19, 21, 23) including 792 patients reported the primary outcome of DOCE and it had occurred in 73 patients [11.3% (49/433) BRS vs. 6.7% (24/359) DES]. Pooled results showed that compared with DES-treated patients, patients treated with BRS had a higher risk of DOCE (RR 1.62, 95% CI: 1.02–2.57, P = 0.04; I2 = 0%; Figure 2A).
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FIGURE 2
Forest plots of effect of BRS and DES on clinical outcomes. (A) Device-oriented composite endpoint, (B) major adverse cardiac events, (C) patient-oriented composite endpoint, (D) definite/probable device thrombosis, and (E) target lesion revascularization. BRS, bioresorbable scaffolds; DES, drug-eluting stents.




Major adverse cardiac events

Two trials (15, 23) involving 401 participants reported the composite outcome of MACE consisting of all-cause death, target-vessel myocardial infarction, and target vessel revascularization occurred in 72 patients [21.4% (51/238) BRS vs. 12.9% (21/163) DES]. Pooled results showed that compared with DES-treated patients, participants treated with BRS showed a higher risk of MACE (RR 1.77, 95% CI: 1.02–3.08, P = 0.04, I2 = 16%; Figure 2B). One trial (21) reported results separately for target-vessel myocardial infarction and all-cause death events, while another (19) reported only target-vessel myocardial infarction. And the risk of target-vessel myocardial infarction or all-cause death between BRS and DES had no significant differences.



Patient-oriented composite endpoint

The POCE was reported in four trials (15, 19, 21, 23) (792 participants) with two trials (15, 23) reporting the POCE (defined as a composite of all-cause death, myocardial infarction, or revascularization), one trial (21) reporting all-cause death and myocardial infarction, and the remaining one trial (19) reporting only myocardial infarction. Two trials (15, 23) involving 401 participants reported the POCE occurred in 87 patients [24.4% (58/238) BRS vs. 17.8% (29/163) DES]. Pooled results of two trials (15, 23) comparing BRS with DES showed a 33% increase in risk of POCE in BRS group; however, this difference does not reach statistical significance (RR 1.33, 95% CI: 0.89–1.98, P = 0.16, I2 = 0%; Figure 2C).



Definite/probable device thrombosis

All studies (15, 19, 21, 23) reported the main safety outcome of definite/probable device thrombosis, which had occurred in 14 patients [24.4% (9/433) BRS vs. 17.8% (5/359) DES]. No statistically significant differences were found in the risk of definite/probable device thrombosis between BRS and DES (OR 1.31, 95% CI: 0.46–3.77, P = 0.61; I2 = 0%; Figure 2D).



Adverse events

No treatment-related serious AEs were reported in either BRS or DES group, only one trial (15) had reported that the definite device thrombosis occurred in one patient treated with BRS implantation after 20 min, which was addressed by thrombectomy and new balloon post dilatation, while thromboembolic event occurred in two patients treated with DES.





Discussion

Our systematic review and meta-analysis found that compared with DES, BRS was related to a higher risk of the DOCE (cardiac death, target-vessel myocardial infarction, or TLR) and MACE (all-cause death, target-vessel myocardial infarction, or target vessel revascularization) in patients with myocardial infarction. A trend toward a higher risk of TLR of BRS was also observed (Figure 2E). However, the BRS did not differ from DES on the definite/probable device thrombosis and the POCE (all-cause death, myocardial infarction, or revascularization).


Comparison with previous studies

A previous meta-analysis conducted in patients with coronary artery disease consisting of myocardial ischemia, coronary artery stenosis, and myocardial infarction showed that BRS was associated with higher risk of the DOCE and stents thrombosis cumulatively at 2 years of follow-up than DES (9). And another meta-analysis conducted in patients with acute coronary syndrome (ACS, including unstable angina, STEMI, and NSTEMI) showed that BRS was linked to a higher risk of TLR at a median follow-up of 9.5 months, which was mainly driven by device thrombosis (24). In the present study, we found, for the first time, that even in patients with myocardial infarction consisting of STEMI and NSTEMI, BRS was associated with a greater risk of device-oriented events.

Consistent with our findings, Collet et al. (25) compared BRS and everolimus-eluting stents on long-term clinical outcomes in patients with obstructive coronary artery disease and found that BRS was related to a higher risk of definite thrombosis and a trend toward higher target lesion failure risk. Ali et al. (7) had done a systematic review of BRS for coronary artery disease in 2017, but many participants with complex lesions and high-risk were excluded. A meta-analysis done in 2018 by De Rosa et al. (24) observed that patients with ACS undergoing PCI with BRS vs. everolimus-eluting stents have a higher risk of TLR at a median follow-up of 9.5 months. However, as the timepoint of the complete bioresorption of BRS in humans is unclear, the median follow-up of 9.5 months may not be insufficient. Notably, none of the above studies focused on patients with myocardial infarction consisting of STEMI and NSTEMI. In the past few years, new evidence has emerged regarding the effects of BRS on myocardial infarction. These most recent studies were included in our study and we provided the first pooled evidence of BRS on clinical outcomes for myocardial infarction.



Safety of bioresorbable scaffolds

Consistent with previous studies, we observed that the incidence of definite/probable device thrombosis did not differ between the BRS and the DES group. In patients with myocardial infarction undergoing PCI, Byrne et al. (22) found that the rates of device thrombosis [3 (1.7%) vs. 2 (2.3%), HR 0.76, 95% CI 0.13–4.56] were similar in BRS and DES group at 1 year. The MAGSTEMI trial (15), which was powered for clinical events, demonstrated no significant difference between bioresorbable everolimus-eluting vascular scaffolds and everolimus-eluting stents [1 (1.4%) in the BRS arm vs. 2 (2.6%), P = 1.0] in the risk of definite device thrombosis at 1-year follow-up. Similar results were obtained by two other independent studies (21, 23), the 2- and 3-year definite/probable device thromboses were 3.0% (23) and 2.1% (18), respectively. Meta-analysis of four studies including 3,384 patients with coronary artery disease (26) revealed that no difference in hazards of bioresorbable everolimus-eluting vascular scaffolds on ST after 3 years of follow-up, but at 3 to 5 years, bioresorbable everolimus-eluting vascular scaffolds showed a lower risk of ST than everolimus-eluting stents. This suggested that BRS may reduce risk of the long-term ST. The BRS-treated patients were at a higher risk of ST, which might be partially explained by its material and composition. First, metal stents have a smooth surface produced by the electropolishing process, which can help prevent the activation and aggregation of platelets in thrombosis processing (27), but polymeric scaffolds cannot undergo the same process. Surface roughness of BRS may activate the process of thermogenesis and stimulate tissue reaction and thus leads to higher risk of ST and in-stent restenosis. Second, thrombus dissolution may lead to stent strut malposition in the first few months for patients with myocardial infarction after PCI due to the high risk of thrombosis with BRS, causing a higher incidence of AEs (27).



Potential mechanism

We found in the present analysis that patients with myocardial infarction treated with BRS had a higher risk of the DOCE and MACE than patients treated with DES. The underlying reasons for our findings are as the follows: First, the previous study (28) has already illustrated that the risk of structural disruption/fracture is likely to limit the over-expansion possibility of BRS, especially the first-generation device, which may result in a higher risk of AEs in the follow-up. Second, compared with metallic DES, the BRS implantation in vessels with reference diameter <2.25 mm might lead to increased rates of target lesion failure (12.9 vs. 8.3%) and device thrombosis (4.6 vs. 1.5%) (29). Part of the above-mentioned problem can be attributed to their bulky struts, especially in the overlapping scaffolds, which could generate a thickness of 300–400 μm, disturbing the effective flow area in small coronary lumens. Third, patients with myocardial infarction, especially those with STEMI, have thrombus-rich lesions with a large necrotic core, which are usually related to delayed arterial healing and impaired stent-related outcomes. Also, special attention should be paid to the size of blood vessels, as coronary spasm is often observed in the STEMI setting and might lead to scaffold undersize. Fourth, an inflammatory response is necessary to resolve the necrotic myocardium after acute myocardial infarction and vascular inflammation is an essential component of atherosclerosis that result in plaque instability and cardiovascular events (30, 31). Patients with myocardial infarction have a higher risk of additional major adverse cardiovascular events. Previous study showed that myocardial infarction accounts for 46% of all deaths attributed to cardiovascular diseases (32).



Implication for future study

In our study, only studies with at least 1 year of follow-up were included, and a longer term of follow-up is need as it seems that BRS has greater long-term benefit than DES. In future, prospective RCTs with longer duration and larger samples are needed to confirm these findings. Apart from myocardial infarction, ischemic heart disease (IHD) also represents a large burden on individuals and healthcare resources worldwide. Unlike myocardial infarction, clinical, angiographic, and autoptic findings suggest a multifaceted pathophysiology (e.g., endothelial dysfunction, vasospasm, or coronary microvascular dysfunction) for IHD and atherosclerotic plaques only accounts for a small part of the pathophysiology (33). Therefore, future studies may focus on effects of different types of stents on other aspects of pathophysiology of IHD, such as endothelial dysfunction.



Study limitations

Some limitations are inherent to our systematic review and meta-analysis that should be noted. First, results of the present analysis should be interpreted with caution due to the small sample size and the potential risk of bias. Second, previous studies have demonstrated that there are some differences between the pathophysiology underlying STEMI and NSTEMI populations, the pathophysiology of the culprit artery is typically non-occlusive thrombotic plaque rupture and subendocardial infarction in NSTEMI (34), and STEMI populations have been found to have an increased pro-inflammatory state and a different serological profile (35). Thus, it has to be admitted that the inclusion of both STEMI and NSTEMI patients introduced heterogeneity into the study population. But due to the small number of available trials, we were unable to conduct subgroup analysis according to STEMI and NSTEMI. However, as limited as it might be, our findings did provide the only available pooled evidence for the comparison of BRS with DES in patients with myocardial infarction. Third, because of a paucity of relevant data in the original literature, we were unable to compare the distribution of potential confounders, such as chronic kidney disease (CKD), COPD, and autoimmune diseases. However, the RCT design may have minimized the effects of these potential confounders. Fourth, secondary prevention medication use (e.g., aspirin or statins) was not properly reported in the original study, which could also lead to a biased conclusion. Finally, although the results of MACE assessed in our study were statically significant, the two included trials are too small to provide strong evidence. Therefore, future studies are required to verify the effects of BRS for MACE.




Conclusion

Bioresorbable scaffolds implantation was associated with a higher risk of the DOCE and MACE compared with DES in patients with myocardial infarction undergoing PCI. Although seems less effective in preventing DOCE, BRS appears as safe as DES.



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

YL and DX conceived and designed the protocol, developed and implemented the search strategy, extracted the data, resolved the discrepancies, and wrote the first draft of the manuscript. JGL refined the protocol and submitted it to PROSPERO. ML and JL screened the retrieved records. RZ, LM, and YL were responsible for the risk of bias in all studies. ML, YW, LJZ, and JGL refined the manuscript. All authors have approved the final draft of the manuscript.



Funding

This work was funded by the Key Research Project of Beijing University of Chinese Medicine (No. 2020-JYB-ZDGG-116) and the T/CACM standard for intervention program for the prevention and treatment of hypertension (No. 20220101-BZ-CACM).



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.2022.974957/full#supplementary-material



References

1. Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V, et al. 2014 ESC/EACTS Guidelines on myocardial revascularization: The Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS) developed with the special contribution of the European Association of Percutaneous Cardiovascular Interventions (EAPCI). Eur Heart J. (2014) 35:2541–619.

2. Sabate M, Cequier A, Iñiguez A, Serra A, Hernandez-Antolin R, Mainar V, et al. Everolimus-eluting stent versus bare-metal stent in ST-segment elevation myocardial infarction (EXAMINATION): 1 year results of a randomised controlled trial. Lancet. (2012) 380:1482–90. doi: 10.1016/S0140-6736(12)61223-9

3. Räber L, Kelbæk H, Ostojic M, Baumbach A, Heg D, Tüller D, et al. Effect of biolimus-eluting stents with biodegradable polymer vs bare-metal stents on cardiovascular events among patients with acute myocardial infarction: the COMFORTABLE AMI randomized trial. JAMA. (2012) 308:777–87. doi: 10.1001/jama.2012.10065

4. Palmerini T, Biondi-Zoccai G, Della Riva D, Mariani A, Sabate M, Valgimigli M, et al. Clinical outcomes with drug-eluting and bare-metal stents in patients with ST-segment elevation myocardial infarction: evidence from a comprehensive network meta-analysis. J Am Coll Cardiol. (2013) 62:496–504. doi: 10.1016/j.jacc.2013.05.022

5. Torii S, Jinnouchi H, Sakamoto A, Kutyna M, Cornelissen A, Kuntz S, et al. Drug-eluting coronary stents: insights from preclinical and pathology studies. Nat Rev Cardiol. (2020) 17:37–51. doi: 10.1038/s41569-019-0234-x

6. Buiten RA, Ploumen EH, Zocca P, Doggen CJM, Danse PW, Schotborgh CE, et al. Thin, very thin, or ultrathin strut biodegradable or durable polymer-coated drug-eluting stents: 3-year outcomes of BIO-RESORT. JACC Cardiovasc Interv. (2019) 12:1650–60. doi: 10.1016/j.jcin.2019.04.054

7. Ali ZA, Serruys PW, Kimura T, Gao R, Ellis SG, Kereiakes DJ, et al. 2-Year outcomes with the Absorb bioresorbable scaffold for treatment of coronary artery disease: a systematic review and meta-analysis of seven randomised trials with an individual patient data substudy. Lancet. (2017) 390:760–72. doi: 10.1016/S0140-6736(17)31470-8

8. Chen MS, John JM, Chew DP, Lee DS, Ellis SG, Bhatt DL. Bare metal stent restenosis is not a benign clinical entity. Am Heart J. (2006) 151:1260–4. doi: 10.1016/j.ahj.2005.08.011

9. Basoli A, Cametti C, Satriani FG, Mariani P, Severino P. Hemocompatibility of stent materials: alterations in electrical parameters of erythrocyte membranes. Vasc Health Risk Manag. (2012) 8:197–204. doi: 10.2147/VHRM.S28979

10. Campos CM, Muramatsu T, Iqbal J, Zhang YJ, Onuma Y, Garcia-Garcia HM, et al. Bioresorbable drug-eluting magnesium-alloy scaffold for treatment of coronary artery disease. Int J Mol Sci. (2013) 14:24492–500. doi: 10.3390/ijms141224492

11. Iqbal J, Onuma Y, Ormiston J, Abizaid A, Waksman R, Serruys P. Bioresorbable scaffolds: rationale, current status, challenges, and future. Eur Heart J. (2014) 35:765–76. doi: 10.1093/eurheartj/eht542

12. Brugaletta S, Gori T, Low AF, Tousek P, Pinar E, Gomez-Lara J, et al. Absorb bioresorbable vascular scaffold versus everolimus-eluting metallic stent in ST-segment elevation myocardial infarction: 1-year results of a propensity score matching comparison: the BVS-EXAMINATION Study (bioresorbable vascular scaffold-a clinical evaluation of everolimus eluting coronary stents in the treatment of patients with ST-segment elevation myocardial infarction). JACC Cardiovasc Interv. (2015) 8:189–97. doi: 10.1016/j.jcin.2014.10.005

13. Kočka V, Malý M, Toušek P, Buděšínský T, Lisa L, Prodanov P, et al. Bioresorbable vascular scaffolds in acute ST-segment elevation myocardial infarction: a prospective multicentre study ‘Prague 19’. Eur Heart J. (2014) 35:787–94. doi: 10.1093/eurheartj/eht545

14. Kočka V, Toušek P, Kozel M, Buono A, Hajšl M, Lisa L, et al. Bioresorbable scaffold implantation in STEMI patients: 5 years imaging subanalysis of PRAGUE-19 study. J Transl Med. (2020) 18:33. doi: 10.1186/s12967-020-02230-1

15. Sabaté M, Alfonso F, Cequier A, Romaní S, Bordes P, Serra A, et al. Magnesium-based resorbable scaffold versus permanent metallic sirolimus-eluting stent in patients with ST-segment elevation myocardial infarction: the MAGSTEMI randomized clinical trial. Circulation. (2019) 140:1904–16. doi: 10.1161/CIRCULATIONAHA.119.043467

16. Lee CH, Cho YK, Yoon HJ, Hur SH. A case report of a recurrent early and late Bioresorbable vascular scaffold thrombosis: serial angiography and optical coherence tomography findings. BMC Cardiovasc Disord. (2020) 20:146. doi: 10.1186/s12872-020-01426-z

17. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. (2016) 354:i4086. doi: 10.1136/bmj.i4086

18. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928

19. de la Torre Hernandez JM, Garcia Camarero T, Lee DH, Sainz Laso F, Veiga Fernandez G, Pino T, et al. Procedural resources utilization and clinical outcomes with bioresorbable everolimus-eluting scaffolds and Pt-Cr everolimus-eluting stent with resorbable abluminal polymer in clinical practice. A randomized trial. Catheter Cardiovasc Interv. (2017) 90:E25–30. doi: 10.1002/ccd.26843

20. Sabaté M, Windecker S, Iñiguez A, Okkels-Jensen L, Cequier A, Brugaletta S, et al. Everolimus-eluting bioresorbable stent vs. durable polymer everolimus-eluting metallic stent in patients with ST-segment elevation myocardial infarction: results of the randomized ABSORB ST-segment elevation myocardial infarction-TROFI II trial. Eur Heart J. (2016) 37:229–40. doi: 10.1093/eurheartj/ehv500

21. Katagiri Y, Onuma Y, Asano T, Iñiguez A, Jensen LO, Cequier À, et al. Three-year follow-up of the randomised comparison between an everolimus-eluting bioresorbable scaffold and a durable polymer everolimus-eluting metallic stent in patients with ST-segment elevation myocardial infarction (TROFI II trial). EuroIntervention. (2018) 14:e1224–6. doi: 10.4244/EIJ-D-18-00839

22. Byrne RA, Alfonso F, Schneider S, Maeng M, Wiebe J, Kretov E, et al. Prospective, randomized trial of bioresorbable scaffolds vs. everolimus-eluting stents in patients undergoing coronary stenting for myocardial infarction: the Intracoronary Scaffold Assessment a Randomized evaluation of Absorb in Myocardial Infarction (ISAR-Absorb MI) trial. Eur Heart J. (2019) 40:167–76. doi: 10.1093/eurheartj/ehy710

23. Wiebe J, Byrne RA, Alfonso F, Maeng M, Bradaric C, Kretov E, et al. Clinical outcomes of everolimus-eluting bioresorbable scaffolds or everolimus-eluting stents in patients with acute myocardial infarction: two-year results of the randomised ISAR-Absorb MI trial. EuroIntervention. (2022) 17:1348–51. doi: 10.4244/EIJ-D-21-00653

24. De Rosa R, Silverio A, Varricchio A, De Luca G, Di Maio M, Radano I, et al. Meta-analysis comparing outcomes after everolimus-eluting bioresorbable vascular scaffolds versus everolimus-eluting metallic stents in patients with acute coronary syndromes. Am J Cardiol. (2018) 122:61–8. doi: 10.1016/j.amjcard.2018.03.003

25. Collet C, Asano T, Miyazaki Y, Tenekecioglu E, Katagiri Y, Sotomi Y, et al. Late thrombotic events after bioresorbable scaffold implantation: a systematic review and meta-analysis of randomized clinical trials. Eur Heart J. (2017) 38:2559–66. doi: 10.1093/eurheartj/ehx155

26. Stone GW, Kimura T, Gao R, Kereiakes DJ, Ellis SG, Onuma Y, et al. Time-varying outcomes with the absorb bioresorbable vascular scaffold during 5-year follow-up: a systematic meta-analysis and individual patient data pooled study. JAMA Cardiol. (2019) 4:1261–9. doi: 10.1001/jamacardio.2019.4101

27. Abizaid A, Ribamar Costa J Jr. Bioresorbable scaffolds for coronary stenosis: when and how based upon current studies. Curr Cardiol Rep. (2017) 19:27. doi: 10.1007/s11886-017-0836-z

28. Onuma Y, Serruys PW, Muramatsu T, Nakatani S, van Geuns RJ, de Bruyne B, et al. Incidence and imaging outcomes of acute scaffold disruption and late structural discontinuity after implantation of the absorb Everolimus-Eluting fully bioresorbable vascular scaffold: optical coherence tomography assessment in the ABSORB cohort B Trial (A clinical evaluation of the bioabsorbable everolimus eluting coronary stent system in the treatment of patients with de novo native coronary artery lesions). JACC Cardiovasc Interv. (2014) 7:1400–11. doi: 10.1016/j.jcin.2014.06.016

29. Ellis SG, Kereiakes DJ, Metzger DC, Caputo RP, Rizik DG, Teirstein PS, et al. Everolimus-eluting bioresorbable scaffolds for coronary artery disease. N Engl J Med. (2015) 373:1905–15. doi: 10.1056/NEJMoa1509038

30. Frantz S, Falcao-Pires I, Balligand JL, Bauersachs J, Brutsaert D, Ciccarelli M, et al. The innate immune system in chronic cardiomyopathy: a European Society of Cardiology (ESC) scientific statement from the working group on myocardial function of the ESC. Eur J Heart Fail. (2018) 20:445–59. doi: 10.1002/ejhf.1138

31. Fernandez DM, Rahman AH, Fernandez NF, Chudnovskiy A, Amir ED, Amadori L, et al. Single-cell immune landscape of human atherosclerotic plaques. Nat Med. (2019) 25:1576–88. doi: 10.1038/s41591-019-0590-4

32. Writing Group Members, Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, et al. Heart disease and stroke statistics-2016 update: a report from the american heart association. Circulation. (2016) 133:e38–360. doi: 10.1161/CIR.0000000000000350

33. Severino P, D’Amato A, Pucci M, Infusino F, Adamo F, Birtolo LI, et al. Ischemic heart disease pathophysiology paradigms overview: from plaque activation to microvascular dysfunction. Int J Mol Sci. (2020) 21:8118. doi: 10.3390/ijms21218118

34. Layland J, Oldroyd KG, Curzen N, Sood A, Balachandran K, Das R, et al. FAMOUS–NSTEMI investigators. Fractional flow reserve vs. angiography in guiding management to optimize outcomes in non-ST-segment elevation myocardial infarction: The British Heart Foundation FAMOUS-NSTEMI randomized trial. Eur Heart J. (2015) 36:100–11. doi: 10.1093/eurheartj/ehu338

35. Sia CH, Zheng H, Ho AF, Bulluck H, Chong J, Foo D, et al. The lipid paradox is present in ST-elevation but not in non-ST-elevation myocardial infarction patients: insights from the Singapore myocardial infarction registry. Sci Rep. (2020) 10:6799. doi: 10.1038/s41598-020-63825-8



OPS/images/fcvm-09-974957-g002.jpg
A Device-oriented composite endpoint

BRS DES Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jens Wiehe 2022 20 164 9 87 441% 1.18 [0.56, 2.48] _I:i:
Jose M. de la Torre 4ernandez 2017 8 100 4 100 15.0% 2.00[0.62, 6.43) ~
Manel Sahaté 2019 13 74 5 76 18.5% 2.67[1.00,7.12) -
Yuki Katagiri 2018 8 95 6 96 22.4% 1.35[0.49, 3.74) bl
Total (95% Cl) 433 359 100.0%  1.62[1.02, 2.57] >
Total events 49 24
Heterogeneity: Chi*= 1.95, df= 3 (P = 0.58); F= 0% k + + 1
S X 0.01 0.1 w 10 100
Testfor overall effect: 2= 2.03 (P = 0.04) Favours [experimental] Favours [control]
B Major adverse cardiac events
BRS DES Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% ClI M-H. Fixedi 95% ClI
Jens Wiebhe 2022 35 164 14 87 72.7% 1.41 [0.71, 2.80]
Manel Sahaté 20198 16 74 7 76 27.3% 2.72[1.05, 7.06] T - S
Total (95% Cl) 238 163 100.0%  1.77 [1.02, 3.08] 5
Total events 51 21
: P 2 ] e il t } $ ¢
o oo o b 4 b
s i Favours [experimental] Favours [control]
C  Patient-oriented composite endpoint
BRS DES Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixiﬁ 95% ClI
Jens Wiehe 2022 41 164 18 87 68.4% 1.21[0.74,1.97)
Manel Sabaté 2019 17 74 11 76 318%  1.59[0.80,3.16] T
Total (95% Cl) 238 163 100.0%  1.33[0.89, 1.98] 2
Total events 58 29
Heterogeneity. Chi*= 0.40, df=1 (P=0.53); F= -+ t + —
Teegfg?zv:rgl Sﬂect g=01' 20 ® . 0 12)53)' " 0.005 .1 L 10 200
: ; Favours [experimental] Favours [control]
D  Definite/probable device thromb osis
BRS DES Risk Ratio Risk Ratio
Study or Subqgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Jens Wiebe 2022 5 164 2 87 430%  1.33[0.26,6.70] e
Jose M. de |la Torre Hernandez 2017 1 100 0 100 82% 3.00([0.12 72.77] >
Manel Sahaté 2019 1 74 s, 76 32.4% 0.51 [0.05, 5.54) bl
Yuki Katagiri 2018 2 95 1 96 16.4% 2.02[0.19, 21.92) -
Total (95% Cl) 433 359 100.0% 1.31[0.46, 3.77] ’
Total events 9 5
Heterogeneity: Chi*= 0.98, df= 3 (P = 0.81); F= 0% t t f f
PR % 0.002 0.1 1 10 500
Test for overall effect: 2= 0.51 (P = 0.61) Favours [experimental] Favours [control]
E  Target lesion revascularization
Experimental Control Odds Ratio Odds Ratio
Stud Sul Racd Total Events Total Weiaht M.H.Fixed. 95% Cl S
Jens Wiehe 2022 12 164 6 87 446% 1.07 [0.39, 2.95) %ﬂ_ﬁ
Jcse M. de la Tomre Hernandez 2017 5 100 3 100 17.5% 1.70 [0.40, 7.32) s 3
Manel Sahaté 2019 12 74 4 76 20.3% 3.48[1.07,11.35] =
Yuki Katagiri 2018 4 95 3 96 17.6% 1.36 [0.30, 6.26) -
Total (95% Cl) 433 359 100.0% 1.72[0.93, 3.18] ‘-
Total events 33 16
Heterogeneity: Chi*= 2.31, df=3 (P = 0.51); F= 0% 0.005 0*' 1 1%0 230

Test for overall efect: Z=1.73 (P = 0.08)

Favours [experimentall Favours [control]





OPS/images/fcvm-09-974957-t003.jpg
Target vessel

LAD, n (%)

LCX, n (%)

RCA, n (%)

Stent diameter (mm)
Pre-dilatation, n (%)
Post-dilation, n (%)

Device success, n (%)
Medication during procedure
Heparin, n (%)

Bivalirudin, n (%)

GP IIb/I1Ta antagonists, n (%)

Imaging assessment tools

Wiebe et al. (23)

Sabaté et al. (15)

Katagiri et al. (21)

de la Torre Hernandez et al. (19)

BRS

82 (47.4)

30 (

7.3)

61 (35.3)

3.2
164 (

0.4
95.3)

98 (56.6)
NA

167 (

96.5)

1(0.6)
0(0)

EES

43 (48.3)
10 (11.2)
36 (40.4)
32£04
72 (81.8)
31(34.8)
NA

85 (97.7)
1(1.1)
0(0)

BRS

36 (48.6)
16 (21.6)
22(29.7)
35402
72 (91.1)
70 (88.6)
73 (98.6)

69 (93.2)
1(1.4)
14 (18.9)

SES

36 (47.4)

11 (

4.5)

29 (38.1)

334

£ 0.4

70 (86.4)
20 (24.7)

76 (1

00.0)

74 (97.4)
0(0.0)
15 (19.7)

BVS

34 (35.8)

17 (

74)

44 (46.3)

3.2:4

£ 0.3

53 (55.8)
48 (50.5)
91 (95.8)

86 (90.5)
25(26.3)
38 (40.0)

EES

41 (41.8)
13(13.3)
44 (44.9)
3.1240.37
50 (51.0)
25(25.5)
98 (100.0)

85 (86.7)
22 (224)
37 (37.8)

BVS EES
66 (52.8) 71 (54.6)
19 (15) 22(16.9)
40 (32) 37 (28.4)
3.08404 301405
122 (97.6) 33(25.4)
81 (64.8) 50 (38.4)
NA NA
NA NA
NA NA
NA NA
QCA/OCT/IVUS

LAD, left anterior descending; LCX, left circumflex; RCA, right coronary artery; BVS, bioresorbable everolimus-eluting vascular scaffolds; BRS, bioresorbable scaffolds; EES, everolimus-

eluting stents; SES, sirolimus-eluting stent; NA, not applicable; QCA, Quantitative coronary angiography; OCT, Optical coherence tomography; IVUS, Intravascular ultrasound; Device

success, defined as the implantation of the assigned study device with a post-procedure residual stenosis <30%.





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Bioresorbable scaffolds vs. drug-eluting stents for patients with myocardial infarction: A systematic review and meta-analysis of randomized clinical trials



		Introduction



		Methods



		Study eligibility criteria



		Study outcomes



		Search methods



		Data collection and analyses



		Risk of bias assessment



		Publication bias risk



		Data synthesis



		Subgroup analysis







		Results



		Literature search



		Characteristics of included studies and participants



		Risk of bias



		Treatment outcomes



		Device-oriented composite endpoint



		Major adverse cardiac events



		Patient-oriented composite endpoint



		Definite/probable device thrombosis



		Adverse events











		Discussion



		Comparison with previous studies



		Safety of bioresorbable scaffolds



		Potential mechanism



		Implication for future study



		Study limitations







		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/fcvm-09-974957-g001.jpg
Identification

|

]

Screening

Eligibility

Records identified through
database searching
(n =753)

Additional records identified
through other sources
(n=0)

Records after duplicates removed
(n=357)

Included

l

Records screened

(n =357)

Y

Full-text articles assessed

Records excluded

After reading the titles and
abstracts records excluded
(n =333)

for eligibility
(n =24)

y

Studies included in
qualitative synthesis
(n =6,4 trials)

Y

Studies included in
quantitative synthesis
(meta-analysis)

(n =4 ,4trials)

Full-text articles excluded(n =18):
Publications on same trial(n =1),
Not MI(n =4),

Not RCTs (n =2),

Not targeted intervention or
control(n =1),

Not targeted outcome(n =4),
Abstracts without full-text(n =6)






OPS/images/fcvm-09-974957-t001.jpg
References Region  Target  Sample Meanage (I/C) Male Intervention Control Follow-up AEs  DAPT

population size (I/C) (1/C)) (months) 1/C)
de la Torre Spain MI 100/100  60.8 £+ 11.0/61.3 £ 12.0 79176 BVS EES 12 NA NA
Hernandez et al. (19)

Sabaté et al. (15) Spain STEMI 74176 58.8 + 10.6/59.2 + 10.3 63/71 BRS SES 12 I:1 1: 63 (90.0)
G2 C: 62 (89.9)

Wiebe et al. (23) Germany STEMI/NSTEMI  173/89 61.7 £ 11.0/63.3+9.9 138/65 BRS EES 24 NA NA
Katagirietal. (21) ~ Multicenter STEMI 95/96 59.1 +10.7/58.2 + 9.6 73/84 BVS EES 36 NA 1: 73 (78.5)
C: 75 (78.1)

MI, myocardial infarction; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; BVS, bioresorbable everolimus-eluting
vascular scaffolds; BRS, bioresorbable scaffolds; EES, everolimus-eluting stents; SES, sirolimus-eluting stent; I/C, intervention/control; Multicenter, Denmark, Netherlands, Spain,
Switzerland; AEs, adverse events; NA, not applicable; DAPT, dual antiplatelet therapy (dual antiplatelet therapy at 1-year follow-up).





OPS/images/fcvm-09-974957-t002.jpg
Wiebe et al. (23) Sabaté et al. (15) Katagiri et al. (21) de la Torre Hernandez et al. (19)

BRS EES BRS SES BVS EES BVS EES
BMI, kg/m? 27.0£4.0 27.0£3.7 NA NA 27.0+4.1 27742 NA NA
Diabetes, 1 (%) 37 (21.6) 17 (19.3) 0(13.5) 14 (18.4) 18 (18.9) 14 (14.7) 16 (16.0) 20 (20.0)
Dyslipidemia, (%) 74 (43.5) 40 (47.6) 50 (67.6) 37 (48.7) 60 (63.8) 55 (57.3) 58 (58.0) 62 (62.0)
Hypertension, n (%) 92 (53.5) 54 (62.1) 33 (44.6) 32 (42.1) 41 (44.1) 35(36.5) 56 (56.0) 61 (61.0)
Smoking, 1 (%) 77 (44.5) 38 (43.2) 41 (55.4) 43 (56.6) 46 (48.4) 47 (49.5) 21 (21.0) 19 (19.0)
COPD, n (%) NA NA 2(2.7) 6(7.9) 3(3.2) 3(3.1) NA NA
Prior MI, n (%) 12 (6.9) 6(6.7) 5(6.8) 3(3.9) 2(2.1) 3(3.1) 18 (18.0) 22 (22.0)
Prior PCIL, n (%) 15 (8.8) 7(7.9) 3(4.1) 2(2.6) 4(4.2) 3(3.1) 21 (21.0) 26 (26.0)
CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; BVS, bioresorbable everolimus-eluting vascular scaffolds; BRS, bioresorbable scaffolds;
EES, everolimus-eluting stents; SES, sirolimus-eluting stent; NA, not applicable; COPD, chronic obstructive pulmonary disease; BMI, body mass index.






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

Bioresorbable scaffolds vs.
drug-eluting stents
for patients with myocardial
infarction: A systematic review
and meta-analysis
of randomized clinical trials












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







