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Background: Data regarding management of patients with unprotected left main coronary artery in-stent restenosis (LM-ISR) are scarce.

Objectives: This study investigated the safety and effectiveness of percutaneous coronary intervention (PCI) vs. coronary artery bypass grafting (CABG) for the treatment of unprotected LM-ISR.

Methods: Consecutive patients who underwent PCI or CABG for unprotected LM-ISR were enrolled. The primary endpoint was a composite of major adverse cardiac and cerebrovascular events (MACCE), defined as cardiac death, myocardial infarction (MI), target vessel revascularization (TVR), and stroke.

Results: A total of 305 patients were enrolled, of which 203(66.6%) underwent PCI and 102(33.4%) underwent CABG. At 30-day follow-up, a lower risk of cardiac death was observed in the PCI group, compared with the CABG-treated group (2.1% vs. 7.1%, HR 3.48, 95%CI 1.01–11.8, p = 0.04). At a median of 3.5 years [interquartile range (IQR) 1.3–5.5] follow-up, MACCE occurred in 27.7% vs. 29.6% (HR 0.82, 95%CI 0.52–1.32, p = 0.43) in PCI- and CABG-treated patients, respectively. There were no significant differences between PCI and CABG in cardiac death (9.9% vs. 18.4%; HR 1.56, 95%CI 0.81–3.00, p = 0.18), MI (7.9% vs. 5.1%, HR 0.44, 95%CI 0.15–1.27, p = 0.13), or stroke (2.1% vs. 4.1%, HR 1.79, 95%CI 0.45–7.16, p = 0.41). TVR was more frequently needed in the PCI group (15.2% vs. 6.1%, HR 0.35, 95%CI 0.15–0.85, p = 0.02).

Conclusions: This analysis of patients with LM-ISR revealed a lower incidence of cardiac death in PCI compared with CABG in short-term follow-up. During the long-term follow-up, no differences in MACCE were observed, but patients treated with CABG less often required TVR.

Visual overview: A visual overview is available for this article.

Registration: https://www.clinicaltrials.gov; Unique identifier: NCT04968977.
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INTRODUCTION

The left main coronary artery (LM) supplies a large myocardial area, therefore, atherosclerotic disease in the LM may lead to significant ischemia associated with high morbidity and mortality. Evidence from randomized controlled trials has shown that LM percutaneous coronary intervention (PCI) with drug-eluting stents (DES) is a feasible alternative to coronary artery bypass grafting (CABG) (1, 2); however, in-stent restenosis (ISR) after DES in unprotected LM disease continues to occur with an incidence of 9.7–17.6% (3, 4). A number of mechanical, biological, and technical factors predispose percutaneously revascularized patients to an increased risk of ISR. The use of intravascular imaging, proper stenting techniques, and calcium plaque modification improve outcomes of LM-PCI. Since LM-ISR can present as acute coronary syndrome (ACS) in substantial number of cases, treatment and decision-making process is often challenging. Although surgical revascularization is considered a standard treatment for this kind of stent failure, owing to a higher risk of perioperative morbidity and mortality, particularly in patients with high risk, as those with ACS, the restoration of flow with PCI may be a reliable alternative. The exact risk profile of unprotected patients with LM-ISR and variations of treatment choice remains a matter of an ongoing debate due to limited data in this clinical setting. Additionally, it is not clear whether repeat PCI is safe in these patients. Therefore, the purpose of the current study was to compare long-term outcomes following PCI or CABG for unprotected LM-ISR disease.



METHODS

The LM-DRAGON registry is a multi-center, observational study conducted in 16 high-volume centers in Poland and Italy between January 2000 and July 2020. Consecutive patients with LM-ISR defined as ≥50% diameter stenosis on angiography with or without multivessel coronary artery disease were included in the registry. Patients with LM distal bifurcation disease within the proximal 5 mm of the left anterior descending artery (LAD) or left circumflex artery (LCx) ostium (in the absence of significant angiographic stenosis in the LM) were also eligible (LM equivalent). Patients with protected LM-ISR, defined as the occurrence of ≥1 patent arterial or venous graft to the left coronary artery, or other concomitant non-CABG procedure during surgery were excluded.

The choice of the type of revascularization (PCI or CABG) was at the discretion of heart team or individual invasive cardiologist, if the patient was unstable (acute LM occlusion). The choice of techniques for LM PCI or CABG was at the operator's discretion as well. The 4-stage classification (5) was used to determine the degree of restenosis on the basis of restenosis in relation to stented length based on the angiographic manifestation: (i) focal (≤ 10 mm length); (ii) diffuse (>10 mm within the stent); (iii) proliferative (>10 mm extending outside the stent); and (iv) occlusive ISR. Angiographic visual estimation or intravascular imaging was used to diagnose LM restenosis. Significant stenosis was defined as intravascular ultrasound (IVUS) imaging of the target lesion with a minimum lumen area (MLA) of ≤ 6 mm2 for the left main lesions was defined as significant stenosis. Angiographic data of patients included in the study were collected and recorded in the central cardiovascular information registry. Bifurcation lesions were classified according to the Medina classification (6). The European Bifurcation Club consensus document was used to define the one or two stent strategy of LM PCI (7). Patient data were anonymized in each center, combined into a database, and statistically analyzed as a single cohort. The institutional review board at each center approved the study protocol; however, due to the retrospective nature of the study, no written informed consent was needed. The patient data were protected according to the requirements of country law and hospital standard operating procedures. The data that support the findings of this study are available from the corresponding author upon reasonable request. The study was conducted in accordance with the Declaration of Helsinki and was registered at ClinicalTrials.gov (NCT04968977).


Endpoints

The primary endpoint was a composite of major adverse cardiac and cerebrovascular events (MACCE), defined as cardiac death, myocardial infarction (MI), target vessel revascularization (TVR), or stroke assessed during a median of 3.5 year follow-up [interquartile range (IQR) 1.3–5.5]. TVR was defined as any repeat intervention (PCI or CABG) of the treated vessel caused by ischemia driven stenosis of the LM. Data regarding long-term outcomes were obtained by phone call or clinical visit as well as from the National Health Fund Service (Ministry of Health) database.



Statistical Analysis

Continuous data are presented as mean ± standard deviation or median with IQR (Q1–Q3). Categorical data are expressed as count and percentage. Normal distribution was verified by the Kolmogorov–Smirnov test. Continuous data were compared by the Student t-test or by Mann–Whitney U test, depending on the data distribution. Categorical data were analyzed with the χ2 or Fisher exact test. Kaplan–Meier survival curves were performed to present the unadjusted time-to-event data for investigated endpoints and were compared using the log-rank test. Finally, Cox regression for 30 days, 1 year, and long-term follow-up event rates of MACCE, cardiac death, TLR, TVR, MI, and stroke were calculated for both groups. A p-value <0.05 was considered statistically significant. The statistical analysis was performed using MedCalc version 17.9.2 (MedCalc Software, Ostend, Belgium) and SPSS version 21 (IBM Corp, Armonk, NY).




RESULTS

The LM-DRAGON registry included 305 patients, of whom 203 (66.6%) were treated with PCI and 102 (33.4%) with CABG (Table 1). After verifying missing outcomes with multiple datasets, 12 (5.9%) patients in the PCI group and 4 (3.9%) in the CABG group were lost to follow-up. A comparison between PCI and CABG groups demonstrated significant differences in baseline characteristics and clinical presentation. Patients treated by PCI were older (68.9 ± 10.3 vs. 65.0 ± 8.9, p < 0.001) more often had diabetes mellitus (49.8% vs. 35.3%, p = 0.02), and chronic kidney disease (25.6% vs. 13.7%, p = 0.02), compared with CABG patients. STS score for mortality and morbidity was lower in the PCI group [4.5 (IQR 2.5–8.4) vs. 7.2 (IQR 5.1–9.9), p < 0.001]; however, there were no differences in EuroSCORE II [1.5 (0.9–3.5) vs. 1.6 (1.0–3.3), p = 0.52].


Table 1. Patient characteristics, risk factors, and clinical presentation according to the type of treatment.
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Angiographic, procedural, and medication data are shown in Table 2. The SYNTAX score I did not differ between the two groups [22.0 (13.2–27.0) vs. 21.5 (15.0–27.0), p = 0.47]. Recurrent ISR was more common in the PCI group (20.7% vs. 9.8%, p = 0.02). Procedurally, the most common location of LM-ISR was the distal segment including the bifurcation. True bifurcation lesions (Medina 1,1,1) were more prevalent in the PCI, compared with the CABG group (47.0% vs. 28.6%, p < 0.001). Patients treated with PCI had a higher prevalence of focal ISR (55.7% vs. 39.2%, p = 0.02) and proliferative ISR (12.8% vs. 11.8%, p = 0.02), while those in the CABG group had a higher prevalence of diffuse ISR (31.0% vs. 49.0%, p = 0.02). Number of stent layers in the target segment was higher in PCI (1.2 ±0.4 vs. 1.0 ± 0.2, p < 0.001). In the PCI group, 59.6% of patients underwent DES implantation, 38.4% were treated with a drug coated balloon, and 2% were treated with plain old balloon angioplasty; additionally, 3 patients had intravascular lithotripsy during PCI. TIMI 3 flow post-PCI was observed in 98.5% of patients and residual stenosis was observed in 8.9%. In the CABG group, 90.2% patients had left internal mammary artery to left anterior descending grafts, 9.8% had vein to left anterior descending grafts, and 67.6% had grafts to obtuse marginal branch or distal Cx. Periprocedural mechanical circulatory support was needed more often in the CABG group (7.8% vs. 2.0%, p = 0.02).


Table 2. Angiographic, procedural, and medication data according to the type of treatment.
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30 Days and 1-Year Outcomes

At 30-day follow-up, there was a lower risk of cardiac death in the PCI group (2.1% vs. 7.1%, HR 3.48, 95% CI 1.01–11.8, p = 0.04) as compared to CABG treatment group. However, worth mentioning, patients who died in CABG group were at median EuroSCORE II 3.4 (2.3–4.5) and median STS score for mortality and morbidity 9.4 (8.6–11.4). There were no differences with respect to MACCE (3.1% vs. 7.1%, HR 2.32, 95% CI 0.77–6.90, p = 0.13), TVR (PCI−0.5% vs. CABG−0%), MI (PCI−0% vs. CABG−0%), and stroke (PCI−0.5% vs. CABG−0%) through 30-days. During 1-year follow-up a trend toward a higher rate of TVR in the PCI group (7.9% vs. 2.0%; HR 0.25, 95% CI 0.05–1.09, p = 0.07) was observed, with no differences in MI (3.7% vs. 2.0%, HR 0.54, 95% CI 0.11–2.60, p = 0.44), cardiac death (4.2% vs. 8.2%, HR 1.98, 95% CI 0.74–5.27, p = 0.17), stroke (1.6% vs. 1.0%, HR 0.64, 95% CI 0.06–6.16, p = 0.70) and MACCE (14.7% vs. 12.2%, HR 0.81, 95% CI 0.41–1.59, p = 0.54) (Table 3).


Table 3. One-year and long-term follow-up according to the type of treatment.
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Long-Term Outcomes

The median follow-up period was 3.4 years (1.3–5.2) in the PCI group and 3.8 years (2.3–6.5) in the CABG group (p = 0.046). The study's primary endpoint occurred in 27.7% of patients in PCI group and 29.6% of patients in CABG group (HR 0.82, 95% CI 0.52–1.32, p = 0.43) (Table 3). There were no significant differences between PCI and CABG in terms of cardiac death (9.9% vs. 18.4%; HR 1.56, 95% CI 0.81–3.00, p = 0.18), MI (7.9% vs. 5.1%; HR 0.44, 95% CI 0.15–1.27, p = 0.13), or stroke (2.1% vs. 4.1%; HR 1.79, 95% CI 0.45–7.16, p = 0.41); however, TVR occurred less frequently in the CABG group than in the PCI group (6.1% vs. 15.2%, HR 0.35, 95% CI 0.15–0.85, p = 0.02). The treatment strategy of TVR after PCI and CABG is reported in Supplementary Material. Kaplan–Meier curves for the cumulative incidence of selected outcomes are shown in Figures 1, 2. The results of the combined clinical outcome measures and MACCE were consistent across most of the pre-specified subgroups (Figure 3). Patients at lower preoperative risk (EuroSCORE II <2) had significantly less MACCE in the CABG group than in the PCI group.


[image: Figure 1]
FIGURE 1. Kaplan–Meier curves for MACCE according to type of treatment. Major adverse cardiac and cerebrovascular events (MACCE) is the composite of target vessel revascularization, myocardial infarction, stroke, or cardiac death. CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention.
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FIGURE 2. Kaplan–Meier curves for cumulative incidence of secondary outcomes according to type of treatment. CABG, coronary artery bypass grafting; MI, myocardial infarction; PCI, percutaneous coronary intervention; TVR, target vessel revascularization.



[image: Figure 3]
FIGURE 3. Risk of MACCE at long-term follow-up. CABG, coronary artery bypass grafting; CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; ISR, in-stent restenosis; LM, left main coronary artery; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; STS, Society of Thoracic Surgeons.





DISCUSSION

We present the largest registry of patients with unprotected LM-ISR reporting long-term data on the safety and efficacy of revascularization with either PCI or CABG. In the current report, both PCI and CABG provided favorable clinical outcomes; however, a lower incidence of cardiac death at 30-day follow-up was observed in the PCI group compared with the CABG group. This was reflected in the subgroup analysis, where high EuroSCORE II favored PCI treatment. The elevated risk of the patients with CABG treatment was also indicated by a substantial proportion of mechanical circulatory support use. Clinically compromised patients characterized by such a procedural profile could therefore drive the short-term excess mortality in the CABG-revascularized group. At the long-term follow-up patients receiving PCI treatment, compared with those treated with CABG, had similar rates of cardiac death but a higher rate of TVR. Our long-term results provide evidence for the use of PCI in unprotected LM-ISR and suggest its safety and efficacy in reducing recurrent stent failure.

Despite favoring results, LM-ISR PCI is, undoubtedly, a challenging treatment option. Those with LM-ISR are a specific subset of patients who already underwent high-risk procedure of PCI in LM and now experience a subsequent stent failure. Previous reports addressed a combination of multiple factors contributing to an increased risk of LM-ISR and the subsequent adverse events: female sex, a previous restenotic lesion, a total number of stents employed, distal bifurcation lesions, and the use of complex bifurcation stenting technique (4), whereas the use of IVUS was protective (8). To systematically apprise the phenomenon, ISR classification including variables contributing to in different angiographic manifestation of ISR lesion length and the location of the neointimal proliferation, was proposed (9). To date, many large-scale clinical studies have evaluated treatment strategies for patients with de novo unprotected LM disease. Generally, guidelines recommend CABG revascularization in patients with de novo unprotected LM disease with high SYNTAX scores, downplaying the role of PCI (10). Although the less invasive PCI has a lower rate of periprocedural adverse events and provides more rapid recovery compared with CABG (11), it exposes patients to an increased risk of myocardial ischemia in LM-ISR. A previous study demonstrated that DES implantation or drug-coated balloon angioplasty could be effective in patients with ISR (12, 13); however, the effectiveness of repeat PCI for LM-ISR following previous DES implantation remains controversial. The Milan and New-Tokyo (MITO) registry evaluated the prognostic role of restenosis in unprotected distal LM bifurcation coronary lesions and revealed that the patients with LM main branch ISR have higher risk of cardiac mortality compared with patients without LM main branch ISR (14). As limited data are available on the LM-ISR optimal revascularization, this clinical setting remains a matter of discussion. The Failure in Left Main Study (FAILS) study showed satisfactory results using PCI revascularization strategy at 27 months of follow-up, with major adverse cardiac events (MACE; death, MI, or TLR) occurring in 26% of patients and TLR occurring in 22%; however, the analyzed groups were too small to allow for a comparison between the two treatment strategies (3). Promising results of PCI were also reported in the long-term results of the CORPAL registry, where few patients were treated by CABG over the course of 46 ± 26 months (15). The rate of outcomes in PCI patients was 22% MACE (cardiac death, TLR, and MI), 8% cardiac death, 4% non-fatal MI, and 15% repeat revascularization. The optimal management of patients with LM-ISR focuses on maintaining a balance between the long-term risk of TVR in PCI and perioperative complications in CABG; however, the PCI in LM-ISR is oftentimes performed as a first-line, life-saving treatment in unstable patients with acute LM occlusion compared with emergency cardiac surgery. Safety and efficacy of both revascularization methods were evaluated in many studies in de novo unprotected LM lesions, showing a comparable rate of clinical outcomes in terms of MACCE (1, 11, 16). Long-term results of the LE MANS, PRECOMBAT, and EXCEL trials showed that at 1-year and 5-year follow-up, patients undergoing revascularization for unprotected LM experienced similar rate of the composite clinical outcome. The rate of target vessel failure in the LE MANS and the rate of mortality, MI, and stroke in PRECOMBAT were also comparable between PCI and CABG (11, 16). The results of TVR varied between studies, with a hint of more frequent occurrence in the PCI vs. CABG, also observed in the current LM-DRAGON registry. None of the previous randomized controlled trials directly compared PCI and CABG for reintervention for ISR in LM lesions; indeed, ISR or prior LM intervention has universally been imposed as exclusion criterion in these trials (17).


Limitations

There are several limitations to this study. First, we had no intravascular imaging data and thus limited insight into the mechanisms of restenosis. We had no comprehensively reported data on initial PCI strategy, nor on completeness of revascularization in the PCI group. Angiographic follow-up was not systematically performed. In the PCI group, 16% of patients had previous CABG, which may also affect further revascularization options, furthermore the decisions on the choice of treatment were not random but based on the heart team or operator's preference; selection bias was inevitable and may limit our interpretation. The study was a retrospective analysis with inherent limitations; however, this was balanced by an “all-comer” design with broad inclusion criteria and a large sample size.




CONCLUSIONS

This analysis of a real-life unprotected LM-ISR registry revealed a lower incidence of cardiac death in the PCI treatment group compared with the CABG treatment group at short-term follow-up. Long-term follow-up showed similar incidences of cardiac death, MACCE, MI, and stroke regardless of revascularization strategy, but patients who underwent CABG less often required TVR compared with patients who underwent PCI.
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