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Introduction: In-stent restenosis (ISR) remains a challenging issue despite the great advance of drug-eluting stents (DES). In addition, the consensus was lacking regarding the optimal strategy for DES-ISR. Therefore, we aimed to evaluate angiographic and clinical outcomes of the two most effective treatments DES vs. drug-eluting balloon (DCB) for patients with DES-ISR.

Methods: This meta-analysis used the data from the randomized controlled trials (RCTs), which were identified by a systematic search in the databases of PubMed, Embase, and Cochrane Library. Target lesion revascularization (TLR) was regarded as the primary endpoint. In addition, the late angiographic outcomes and other clinical outcomes, namely, cardiac death, myocardial infarction (MI), target vessel revascularization, stent thrombosis, and major adverse cardiac events, were also included for analysis.

Results: Five RCTs with about 1,193 patients were included in this meta-analysis for the analysis. For the primary endpoint, the overall pooled outcomes suggested repeat DES implantation was associated with a significant reduction in the term of TLR compared with DCB angioplasty (risk ratio = 1.53, 95% CI 1.15–2.04, p = 0.003). But no significant difference in angiographic outcomes and other clinical endpoints were observed between DES and DCB. In the subgroup analysis, DCB was inferior to new-generation DES (NG-DES)/everolimus-eluting stent (EES) in the term of TLR. In addition, this non-significant trend was also noted in the subgroup of the paclitaxel-eluting stent (PES) vs. DCB. For the angiographic endpoints, EES, not PES, was associated with larger minimum lumen diameter [mean difference (MD) = −0.25, 95% CI −0.38 to −0.11, p = 0.0003], lower percent diameter stenosis (MD = 7.29%, 95% CI 2.86–11.71%, p = 0.001), and less binary restenosis (OR = 2.20, 95% CI 1.18–4.11, p = 0.01). But NG-DES/EES was comparable to DCB in cardiac death, MI, and stent thrombosis.

Conclusions: For the patients with DES-ISR, treatment with DES, especially NG-DES/EES could reduce the risk of TLR significantly compared to DCB at long-term follow-up.
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INTRODUCTION

Drug-eluting stents (DES) were widely used to treat ischemic coronary artery disease (CAD) and it has been recommended as the default choice in patients undergoing percutaneous coronary intervention (PCI) (1–3). Although the antirestenotic performance of DES improves significantly compared to bare-metal stents (BMS), 5–10% of patients treated with DES still suffer from restenosis, especially in complex clinical and anatomic settings (4, 5). Several previous studies also demonstrated patients treated for DES-in-stent restenosis (ISR) may have a worse long-term prognosis compared to these patients with BMS-ISR (6, 7). Therefore, DES restenosis after PCI has become an important and challenging issue in routine clinical practice.

With consistent improvement in the technique, various treatment strategies were performed and tested in those patients with DES-ISR, such as balloon angioplasty, cutting balloon, vascular brachytherapy, rotablation, DES implantation, drug-coated balloon (DCB) angioplasty, and excimer laser (8, 9). Among those strategies, repeat DES implantation and DCB angioplasty have been regarded as the most effective therapeutic options and recommended by current guidelines (Class I, Level A) (3). Although several randomized controlled trials (RCTs) have been designed to compare outcomes of DES vs. DCB in patients presenting with DES-ISR (10–14), few of them were powered for clinical endpoints indeed. In addition, the conclusions obtained from the RCTs were controversial and considerable heterogeneity existed in various aspects of those RCTs such as characteristic of participants, type of restenotic stent, and generation of DES used in the repeat stenting arm (10–14). Furthermore, recent strong pieces of evidence suggested the risk of death increased significantly beyond the 1st year in patients treated with paclitaxel-coated devices for peripheral artery disease (15), which raised concerns on DCB in the field of coronary intervention because almost all DCB used in the routine clinical practice were coated with paclitaxel.

Against this background, a comprehensive meta-analysis of RCTs was performed by us to investigate the angiographic and clinical outcomes of repeat DES vs. DCB angioplasty in patients presenting with DES-ISR.



METHODS

This meta-analysis was performed according to the preferred reporting items for systematic reviews and meta-analyses.


Literature Search

A systematic literature search was performed by us in the databases of PubMed, Embase, and Cochrane Library to identify all relevant articles published from inception to June 19, 2021. The three types of search terms (and their similar terms) used in this study were listed as follows: in-stent restenosis OR coronary stent restenosis OR stent restenosis OR restenosis OR ISR; drug-eluting stent OR drug eluting stent OR drug-coated stent OR drug coated stent OR everolimus-eluting stent OR everolimus eluting stent OR everolimus-coated stent OR everolimus coated stent OR zotarolimus-eluting stent OR zotarolimus eluting stent OR zotarolimus-coated stent OR zotarolimus coated stent OR sirolimus-eluting stent OR sirolimus eluting stent OR sirolimus-coated stent OR sirolimus coated stent OR paclitaxel-eluting stent OR paclitaxel eluting stent OR paclitaxel-coated stent OR paclitaxel coated stent OR DES OR EES OR ZES OR SES OR PES; drug-coated balloon OR drug coated balloon OR drug-eluting balloon OR drug eluting balloon OR paclitaxel-coated balloon OR paclitaxel coated balloon OR paclitaxel-eluting balloon OR paclitaxel eluting balloon OR sirolimus-coated balloon OR sirolimus coated balloon OR sirolimus-eluting balloon OR sirolimus eluting balloon OR DCB OR PCB OR SCB. In addition, the reference list of eligible studies and review articles were reviewed by us to identify additional publications as well.



Study Selection

Eligible studies were identified independently by two researchers (YZ and KSL) with the assistance of EndNote software according to the pre-specified PICOS criteria. The PICOS criteria were as follows: (1) patients: patients presenting with DES-ISR; (2) intervention: treatment with DCB; (3) comparison: repeat DES implantation; (4) outcomes: long-term (≥1 year) clinical endpoints and/or follow-up angiographic endpoints; and (5) study design: RCTs.



Study Endpoints and Definitions

The primary endpoint was target lesion revascularization (TLR), which was defined as any revascularization procedure involving the target lesion. Other clinical outcomes, namely, cardiac death, myocardial infarction (MI), target vessel revascularization (TVR), stent thrombosis (definite or probable), and major adverse cardiac events (MACEs), which was a composite of death, MI, and TLR, were considered as secondary endpoints. Notably, a composite of cardiac death, target vessel MI, and clinically driven TLR reported in the RCT BIOLUX was regarded as MACEs for final analysis.

For the angiographic endpoints, in-segment measurements (the treated area plus its 5 mm proximal/distal edges), namely, minimum lumen diameter (MLD), percent diameter stenosis (DS%), and late lumen loss (LLL) were adopted for the analysis. In addition, binary restenosis, which was defined as >50% diameter stenosis in the segment, was also determined for the analysis.



Data Extraction and Quality Assessment

The data extraction was performed by one author (YZ) with the standardized form recording the key items and verified by another researcher (XYK). For the included studies, the basic characteristics such as lead authors, publication years, period of recruitment, sample size, type of DCB/DES used, follow-up time, and reported outcomes were all collected. In addition to those, the clinical, lesion, procedural characteristics, and dual antiplatelet therapy (DAPT) protocol of the study population were also recorded by us.

Two independent researchers (YL and AG) were responsible for quality assessment. In addition, the quality of RCTs was assessed using revised Jadad's score, which is reliable and convenient. Notably, the discrepancies encountered in processes of study selection, data extraction, and quality assessment were resolved by discussion with the senior researcher (YXZ).



Statistical Analysis

The heterogeneity between included studies was assessed by the Cochrane Q test (p < 0.1 indicates significance) and I2 statistic. When there was no significant heterogeneity across the studies (p > 0.1 and I2 < 50%), the principal measures risk ratio (RR) and mean difference (MD) with the corresponding 95% CI were calculated with the Mantel-Haenszel/inverse variance fixed-effects model. If significant heterogeneity was detected, the random-effects model was performed. In addition, sensitivity analysis or subgroup analysis was also performed approximately to further confirm the conclusions obtained. But the publication bias was not examined in this study because the eligible studies were limited (<10). All the statistical analyses included in this meta-analysis were performed using Review Manager version 5.3 (The Nordic Cochrane Center, Copenhagen, Denmark). In addition, p < 0.05 was considered as statistical significance.




RESULTS


Study Selection

As demonstrated in Figure 1, the search strategy used in this meta-analysis yielded 1,827 records, of which 1,501 records were left for screening after removing duplicates. After title and abstract screening, a total of 167 full-text articles were assessed for eligibility. In the end, eight articles from five RCTs were included for the final analysis after excluding 159 additional records by reviewing full-text articles (5, 10–14, 16, 17).


[image: Figure 1]
FIGURE 1. The flow chart of study selection.




General Characteristics of Included Studies and Patients

As present in Tables 1, 2, five multicenter RCTs (eight articles) with about 1,193 patients enrolled from 2009 to 2016 were finally included in this meta-analysis (5, 10–14, 16, 17). In addition, the included RCTs were published from 2013 to 2018. In those included studies, the angiographic follow-up period was 6–9 months, and the follow-up period for clinical outcomes ranges from 12 to 36 months. In addition to these contents, the primary endpoints/objective, inclusion criteria, and exclusion criteria of the eligible studies were also summarized and presented in Table 2.


Table 1. Main characteristics of the included studies.
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Table 2. Reported outcomes and follow-up time.
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According to data obtained from the included studies (Table 3), baseline demographics, lesion, procedure characteristics, and DAPT protocol (except RIBS IV) between the DCB and DES groups were similar. In addition, from Table 3, we should realize that almost no patients with target lesions located in the left main artery were included in those eligible RCTs.


Table 3. Baseline demographics, lesion, and procedure characteristics.

[image: Table 3]



DCB vs. DES for Angiographic Endpoints

In this meta-analysis, a total of 816 target lesions treated successfully by either DCB or DES were followed by angiography range from 6 to 9 months. Overall, no significant differences in MLD, DS%, LLL, and binary restenosis were detected between the DES and DCB groups. However, subsequent subgroup analysis demonstrated a significant trend toward an increment in MLD (MD = −0.25 mm, 95 CI −0.38 to −0.11 mm, p = 0.0003; I2 = 0%, p = 0.70, Figure 2A) was observed in the everolimus-eluting stents (EES) group. In addition, patients receiving EES were associated with significantly lower DS% (MD = 7.29, 95% CI 2.86–11.71, p = 0.001; I2 = 0%, p = 0.84, Figure 2B) and the risk of binary restenosis (OR = 2.20, 95% CI 1.18–4.11, p = 0.01; I2 = 0%, p = 0.33, Figure 2D) compared to the patients treated with DCB. However, no significant difference in LLL was noted between DES and DCB (Figure 2C).


[image: Figure 2]
FIGURE 2. Forest plot of comparing angiographic outcomes in MLD (A), DS% (B), LLL (C), and binary restenosis (D) between repeat DES implantation and DCB angioplasty. MLD, minimum lumen diameter; DS%, percent diameter stenosis; LLL, late lumen loss; DES, drug-eluting stents; DCB, drug-coated balloon; PES, paclitaxel-eluting stents; EES, everolimus-eluting stents.




DCB vs. DES for the Primary Endpoint TLR

In this section, the longest available clinical follow-up periods were considered for the analysis and the primary endpoint TLR was reported in the five RCTs including 1,092 patients. After pooling the data of 573 patients receiving DCB vs. 519 patients receiving DES, this meta-analysis revealed repeat DES implantation was associated with reduced TLR compared to DCB angioplasty in patients presenting with DES-ISR (RR = 1.53, 95% CI 1.15–2.04, p = 0.003, Figure 3), with low heterogeneity across the trials (I2 = 0%, p = 0.50). In the subgroup analysis, a strong trend toward a decrease in TLR (RR = 1.36, 95% CI 0.96–1.91, p = 0.08; I2 = 0%, p = 0.56, Figure 4) was even noted in paclitaxel-eluting stent (PES) group, although this difference was not statistically significant compared to DCB.


[image: Figure 3]
FIGURE 3. Forest plot of comparing the risk of TLR between repeat DES implantation and DCB angioplasty. TLR, target lesion revascularization; DES, drug-eluting stents; DCB, drug-coated balloon.



[image: Figure 4]
FIGURE 4. Subgroup analysis for the primary endpoint TLR according to the type of DES used. TLR, target lesion revascularization; DES, drug-eluting stents; PES, paclitaxel-eluting stents; NG-DES, new-generation DES; EES, everolimus-eluting stents.




DCB vs. DES for Secondary Outcomes

For the secondary outcomes, as demonstrated in Figure 5, no significant differences in MACEs, cardiac death, MI, and stent thrombosis were noted between the DCB group and the DES group in this meta-analysis. However, repeat DES implantation may be superior to DCB angioplasty in reducing the risk of TVR (RR = 1.50, 95% CI 1.11–2.04, p = 0.009; I2 = 28%, p = 0.24, Figure 5). In the subgroup analysis (Table 4), we also found repeat revascularization with EES, compared with DCB angioplasty, could reduce the risk of MACEs (RR = 1.58, 95% CI 1.03–2.43, p = 0.04). However, in terms of cardiac death, DES especially PES may be inferior to DCB.


[image: Figure 5]
FIGURE 5. Forest plot comparing secondary outcomes between repeat DES implantation and DCB angioplasty. DES, drug-eluting stents; DCB, drug-coated balloon; MACEs, major adverse cardiac events; MI, myocardial infarction; TVR, target vessel revascularization.



Table 4. Subgroup analysis for secondary outcomes.
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Publication Bias and Sensitivity Analysis

In this meta-analysis, the publication bias was not assessed by funnel plot because of the limited number of included studies. The sensitivity analysis, which was performed by sequentially omitting one trial at a time, also confirmed that DES outperformed DEB in terms of the primary endpoints TLR. However, after excluding the study from Alfonso et al. the difference in TVR loses significance (RR = 1.34, 95% CI 0.93–1.94, p = 0.12).




DISCUSSION

This meta-analysis comprehensively compared the angiographic and clinical endpoints of the two different strategies (DCB vs. DES) for patients presenting with DES-ISR in routine clinical practice. In addition, the major findings were listed as follows: (1) EES, not PES, was superior to DCB in angiographic endpoints, with larger MLD, lower DS%, and less binary restenosis. (2) For the clinical endpoints, the overall pooled outcomes demonstrated revascularization with DES significantly reduced the risk of TLR and TVR compared to DCB angioplasty. (3) In addition to TLR and TVR, EES was also associated with lower MACEs than DCB in the subgroup analysis.

Despite the great advance in primary and secondary prevention, CAD remains the leading cause of mortality worldwide (18, 19). PCI based on DES is the most commonly used strategy for myocardial revascularization in patients with CAD at present (1, 3). Although the efficacy of DES in the prevention of restenosis improves significantly compared to BMS, DES-ISR still develops in 5–10% of patients after DES deployment (5, 20). In addition, the pathophysiology underlying DES-ISR may be more complex. In addition to neointimal hyperplasia and stent under-expansion, which were considered as the dominant risk factors for BMS-ISR, neo-atherosclerosis seems to be another factor contributing to DES-ISR (8, 9). Furthermore, DES-ISR continues to be a therapeutic challenge and trials designed to determine the optimal treatment strategy for patients with DES-ISR were limited.

Although repeat stenting with DES and DCB angioplasty has been recommended by current guidelines, the consensus was lacking regarding the best treatment for DES-ISR. Bajraktari et al. performed a meta-analysis of seven studies (three of which were RCTs) and reported DEB was comparable to DES in terms of clinical outcomes (MACEs, cardiac death, MI, stent thrombosis, TLR, and TVR) for the treatment of DES-ISR (21). However, Giacoppo et al. reported, in the meta-analysis of individual patient data from all available RCTs (DAEDALUS), DCB angioplasty is significantly associated with a higher risk of TLR compared to repeat stenting with DES for the treatment of DES-ISR at 3-year follow-up (22). In addition, the primary safety endpoint (a composite of all-cause mortality, MI, and target lesion thrombosis) was similar between the two groups (22). In consistent with the study DAEDALUS, this study also confirmed repeat DES implantation was superior to DCB angioplasty in terms of TLR. Moreover, this trend still persisted when we compared PES with DCB, but it was marginally significant. To extend previous studies, this meta-analysis further confirmed EES, not PES, outperforms DCB in terms of MLD, DS%, and binary restenosis.

Our conclusions were reliable and stable because we only included RCTs and the sensitivity analysis and subgroup analysis were performed. But we should keep in mind our conclusions may not generalize to the patients with target lesions located in the left main artery or aorto-ostial coronary. Because few such patients were included in this study. Therefore, multicenter, prospective, and RCTs are needed to figure out this knowledge gap.


Future Perspectives

DES, especially new-generation (NG-DES)/EES, was superior to DCB in reducing the risk of TLR in this meta-analysis. But treatment with DCB for DES-ISR could avoid multilayers of metal stents in the coronary artery, which poses difficulty for further treatment of recurrent restenosis and is associated with a poor prognosis (23–25). In addition, DCB may be more suitable for patients who are intolerable of long-term DAPT or at a high risk of bleeding (26, 27). Therefore, further investigating and refining DCB technology were warranted. First, future RCTs should focus on the strategy of DCB angioplasty combined with neointimal modification by scoring/cutting balloon, rotablation, and excimer laser. In addition, Kufner et al. have confirmed in patients with DES-ISR, neointimal modification with scoring balloon before DCB was superior over DCB angioplasty alone (28). Second, to extend the previous study from Ali et al. (29), RCTs with large sample sizes and extended clinical follow-up time are required to verify the efficacy and safety of sirolimus-coated balloon (SCB) in patients with DES-ISR. Third, compared to DCB, bioresorbable vascular scaffolds (BVS) could prevent early recoil without adding another layer of metal. Alfonso et al. have confirmed BVS was similar to DCB but inferior to EES in late angiographic and clinical results for the treatment of any ISR in RIBS trial VI (30). In addition, Moscarella et al. also reported BVS was associated with a numerically higher rate of device-oriented cardiovascular events (DOCE) compared with EES while a similar rate compared to DCB for the treatment for any ISR in the BIORESOLVE-ISR Study (31). But the value of BVS in the scenario of DES-ISR remains unsettled and future trials are needed to investigate it.



Limitations

Several limitations should be acknowledged in this meta-analysis. First, the type of restenotic DES, generation of DES used, time from implantation to admit for DES-ISR, and antithrombotic strategy after intervention for DES-ISR were not uniformly across the included RCTs, which may cause heterogeneity. Second, this meta-analysis only included five RCTs. Therefore, some subgroups were not powered to detect differences and publication bias was not evaluated. Third, this meta-analysis was based on the study level rather than the patient level. In addition, the ratio of follow-up angiography at the scheduled time was suboptimal and the exact reasons were not reported. Finally, the follow-up time for the main analysis was limited up to 3 years in this meta-analysis. Future studies with an extended follow-up duration could provide an additional value to assess the efficacy and safety of DES vs. DCB for DES-ISR.




CONCLUSION

Angioplasty with DCB was moderately less effective than repeat DES implantation in reducing the TLR for patients with coronary DES-ISR at long-term follow-up. In addition, this trend was more obvious when compared with NG-DES/EES. In addition, repeat stenting with EES could also provide better angiographic outcomes than DCB angioplasty. To confirm our findings, RCTs with a large sample size and extended follow-up duration are required in the future.
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