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Introduction: In recent years, the new third-generation ultrathin bioresorbable-polymer sirolimus-eluting stent (BP-SES), characterized by some of the thinnest struts among commercially available devices (60–80 μm) and an amorphous silicon carbide coating, has been introduced for the treatment of coronary artery disease (CAD). The present study aimed to assess different clinical outcomes and safety of this drug-eluting stent in male and female patients in a real-world setting.

Methods: The present study is a retrospective analysis including all patients treated with BP-SES between January 2017 and December 2019 at a single high-volume center. Follow-up data, including stress test results and clinical setting, were collected during outpatient visits or by telephone contact. Patients symptomatic for angina or with a positive stress test were addressed to CT scan/coronary angiogram. The main study outcome was target lesion failure (TLF), defined as a composite of cardiovascular death, target vessel myocardial infarction, or target lesion revascularization.

Results: Overall, 66 (15.9%) female and 349 (84.1%) male patients were included; women were older (median age 70 vs. 66, P = 0.003) and with a lower body mass index (BMI) (25.0 vs. 26.1, P = 0.010) compared to men, with no other relevant differences in baseline characteristics. Indication for percutaneous coronary intervention (PCI) was acute coronary syndrome in 86 (20.7%) of the cases, with no significant differences between male and female patients. A total of 558 lesions were treated with BP-SES stents, 90 in women and 468 in men (1.36 vs. 1.34 lesions per patient, P = 0.83); cumulative stent length (33.6 vs. 38.4 mm, P = 0.078), and mean stent diameter (2.92 vs. 3.0 mm, P = 0.39) did not differ in women compared to men. Technical and clinical successes were achieved in all patients. Stent thrombosis (ST) occurred in 2 (0.5%) patients, both men. TLF occurred in 10 (2.9%) men and 2 (3.0%) women after a median follow-up of 402 days, without significant differences at log-rank analysis (2.34 events per 100 patient-years in men, 2.53 in women; P = 0.80).

Conclusion: Ultrathin struts BP-SES showed to be a safe and effective option for the treatment of CAD in both women and men, with a very low ST rate and favorable long-term outcomes.

Keywords: ultrathin-strut, bioresorbable-polymer, drug-eluting stents, outcomes, PCI in women


INTRODUCTION

Women have been historically underrepresented in randomized clinical trials, particularly in the cardiovascular field. Newly developed medical devices and drugs are too often tested in unbalanced populations in terms of gender in controlled studies, which are hardly representative of the real-world populations in which such devices are used (1). This limitation applies as well to stent technology, a field in which the evolution from bare-metal stents (BMS) to first and second-generation drug-eluting stents (DES) has led to significant prognostic improvements in women in terms of adverse cardiovascular events at follow-up (2). During the course of the years, several studies have suggested that women might experience worse outcomes compared to men following percutaneous coronary intervention (PCI), in particular with earlier second-generation drug-eluting stents (3, 4), even if potentially not because of stent-related events (5). These findings have been however inconsistent and conflicting with other studies failing to recognize such differences (6).

Research and development of coronary DES have led to marked improvements in several stent technology features, from the type of eluted-drugs to polymer and struts design as well. Stent struts thickness has been progressively reduced, with favorable effects in terms of timing for endothelialization, local inflammation, vessel injury, thrombogenicity, and neointimal proliferation (7, 8). Introduction of bioresorbable polymers (BP), which progressively disappear after implantation, has led to the development of DES transforming over time into biologically less active BMS, with a potential reduction of long-term thrombogenicity (9). These technological improvements have guided the creation of a recently distributed ultrathin BP sirolimus-eluting stent (BP-SES), with some of the thinnest struts among commercially available devices (60–80 μm based on stent diameter) and an amorphous silicon carbide coating, which has shown promising results in early randomized clinical trials (RCT) (10).

With the increasing use of ultrathin BP-SES in clinical practice, it is of utmost importance to test the safety and effectiveness of such devices different among gender in a real-world clinical setting, especially because patients treated in routine clinical practice may often present different features and offer different challenges compared to those included in RCT. The present study aims therefore to evaluate the short and mid-term outcomes in women and men treated with the implantation of ultrathin BP-SES during routine clinical practice.



METHODS

The present study is a single-center, retrospective analysis including all patients treated with the implantation of at least one ultra-thin BP-SES between January 2017 and December 2019. All coronary interventions were performed at Centro Cardiologico Monzino, IRCCS, Milan, Italy, a third-level high-volume cardiologic referral center. Choice of the type of implanted stents was left at the operator's discretion. No formal exclusion criteria were defined.

For all patients, baseline clinical features, past medical history, indications for PCI, and main laboratory values were collected. Coronary anatomical characteristics, lesion features, and procedural data were registered as well. Chronic coronary syndrome, non-stent thrombosis (ST) elevation acute coronary syndrome [NSTE-ACS, comprising patients with non-ST elevation myocardial infarction (NSTEMI) and unstable angina (UA)], and ST-elevation myocardial infarction (STEMI) were defined according to the current European Society of Cardiology guidelines (11–13). Technical success was defined as a successful lesion dilation and stent deployment in the target coronary segment, with a final Thrombolysis in Myocardial Infarction (TIMI) flow of three and residual stenosis of <30%. Clinical success was the achievement of technical success without procedure-related adverse clinical events. Periprocedural myocardial infarction (PMI) was defined according to the Fourth Universal Definition of Myocardial Infarction (14). Medical treatment and periprocedural management were carried out according to current guidelines and good clinical practice principles. A small vessel PCI subgroup included patients in whom the diameter of the largest implanted BP-SES was 2.5 mm.

In hospital and post-discharge, medical treatment was prescribed according to current guidelines, in particular, all patients were on at least one antiplatelet drug before stent implantation. Clopidogrel with a loading dose of 600 mg and a maintenance 75 mg daily dose for 6 months was administered on top of aspirin in patients with chronic coronary syndromes, whereas patients with the acute coronary syndrome (ACS) were given a loading dose of Prasugrel or Ticagrelor followed by a maintenance dose of the respective drug for 12 months.

All patients were prescribed a stress test 8–10 months after PCI and then yearly. Follow-up data were collected during the outpatient visit or, whereas not available, by telephone contact. Patients symptomatic for angina or with a positive stress test were addressed to CT scan/coronary angiogram. The main outcome assessed was target lesion failure (TLF), defined as a composite of cardiovascular death, target vessel myocardial infarction (MI), or target lesion revascularization (TLR, defined as revascularization–either by PCI or coronary artery bypass graft–of stenosis occurring within the stent or within 5 mm proximal or distal to the stent edge). Secondary outcomes evaluated comprised individual components of the composite outcome, all-cause death, and stent thrombosis, defined according to the Academic Research Consortium criteria.


Statistical Analysis

Continuous variables were reported as median with interquartile ranges (IQR) or mean ± SD and were compared by Kruskal-Wallis non-parametric test; categorical variables are reported as numbers with percentages and were compared by Pearsons's Chi-square test or Fisher's exact test, as appropriate.

Event rates are reported as per 100 patient-years; survival analyses were evaluated by Kaplan Meier curves and were compared by log-rank test.

A two-sided p-value of 0.05 was set as statistically significant. All analyses were performed using Jamovi version 1.6.21.0.




RESULTS

Overall, 416 patients were included, of whom 66 were of female gender; women were older (70 vs. 66 years, P = 0.003) and presented lower body mass index (BMI) (25.0 vs. 26.1, P = 0.010) compared to men, whereas other baseline clinical features were similar between genders (Table 1). Clinical indication for PCI was chronic coronary syndrome in 329 (79.3%) patients, ST-elevation MI (STEMI) in 51 (12.3%), non-STEMI in 26 (6.3%), and unstable angina in 9 (2.2%) cases, with a similar distribution in men and women.


Table 1. Baseline clinical features and in-hospital outcomes.
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As reported in Table 2, out of a total of 609 lesions, 558 were treated with the implantation of at least one BP-SES DES (1.36 lesions per patient in women, 1.34 in men, P = 0.83), whereas 51 lesions were treated with a different kind of DES. Mean stent diameter was similar across genders (2.92 ± 0.42 in women vs. 3.00 ± 0.41 mm in men, P = 0.39), whereas mean cumulative stent length was borderline longer in men (33.6 ± 21.4 vs. 38.4 ± 22.9 mm in men, P = 0.078). No differences in the rate of small vessel PCI were observed (47.0 vs. 40.7%, P = 0.34). Technical and clinical successes were achieved in all patients; no in-hospital deaths were recorded.


Table 2. Procedural clinical features and in-hospital outcomes.
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After a median follow-up of 402 days (IQR 256-618), TLF occurred in 12 (2.9%) patients (i.e., 2.37 events per 100 patient-years; Table 3). No significant differences were observed among gender in terms of TLF at follow-up [10 (2.9%) in men, 2 (3.0%) in women; i.e., 2.34 events per 100 patient-years in men, 2.53 in women; P = 0.80 at log-rank; Figure 1]. ST, one early and one late occurred in two patients, both men. TLF occurred in 8 (4.6%) patients in the small vessel PCI group (P = 0.075 compared to the general population), with no significant differences between men and women (4.9% in men, 3.2% in women; P = 0.68). In patients with ACS, 4 TLF occurred out of 86 patients (4.7%; P = 0.27 compared to the general population), with no significant differences between women and men (4.3% in men, 6.3% in women; P = 0.74).


Table 3. Long-term outcomes.
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FIGURE 1. Kaplan-Meier curves show the survival-free rate from target lesion failure in the study population. Women are represented in blue, men in yellow.




DISCUSSION

The main finding of the present study is that third-generation, ultrathin BP-SES stents are associated with favorable outcomes in terms of both safety and effectiveness in the general population, irrespective of gender.

The demonstration that men and women experience similar outcomes when treated with BP-SES is a relevant clinical finding, as issues related to gender misrepresentation in clinical studies in the cardiovascular field have been known for years. Scott and colleagues have shown that RCTs for the Food and Drug Administration (FDA) approval of cardiovascular drugs included a significantly lower ratio of enrolled women compared to the diseased population, in particular for ACS and coronary artery syndromes. They calculated the participation to prevalence ratio, i.e., the ratio between the percentage of women in trial participants and the percentage of women in the disease population, and found it to be as low as 0.6 (1). Gender misrepresentation is not only an ethical issue but also a clinical issue. Several studies investigating earlier generation DES reported a higher rate of adverse stent-related events in women compared to men (4, 15). More recently, different studies have shown that women might experience worse cardiovascular outcomes not directly caused by stent-related events. A pooled analysis of two studies including patients treated with platinum-chromium second-generation everolimus-eluting stents (EES) has shown that, even after treatment with the same coronary stent, long-term outcomes might differ between women and men (5). A large analysis including patients treated with EES for left main PCI showed that women experienced a higher rate of major adverse cardiovascular events at follow-up, mainly because of higher mortality, with no substantial differences in terms of TLR (16). Also, the recent Excel trial assessing the use of second-generation EES for the left main disease has shown a somehow worse prognosis in female patients, even if this finding was not confirmed after controlling for potential confounding. Even if inconsistent (17), these findings underline the importance of focusing on potential gender-related differential outcomes in experimental settings in order to define gender-tailored treatment strategies.

The third-generation ultrathin BP-SES included in our analysis has shown excellent results in RCTs in terms of effectiveness and safety. It outperformed durable polymer EES consistently across different populations (10) and different clinical presentations, including STEMI (18, 19). The low rate of TLF reported in our study, reflecting real-world evidence of TLR rates in unselected patients, is similar to the one reported by other studies, such as the Canadian sub-analysis from the Bioflow-III registry (20), but is higher compared to the one by other registries, such as the Bioflow-III registry main analysis or the Italian subgroup analysis (21, 22). These findings may be explained by the relatively low rate of patients with ACS included in our analysis, which reflects the large elective activity performed at our institution, as about 20% of the patients included underwent PCI for ACS, compared to 52.7% in the main analysis of Bioflow-III registry. Of interest, in our study, more than 40% of the patients underwent small coronary vessel PCI: even if small stent diameter has been known as a predictor of restenosis (23) and ST (24) for years, results from previous studies with the ultra-thin BP-SES have shown no significant differences in terms of TLF at follow-up (22). Our study showed, despite not statistically significant, a trend toward a higher rate of TLF in patients with small vessel PCI compared to the general population, even if these results did not reach statistical significance, without differences between men and women. Similar results were observed for patients presenting with ACS. Given their potential clinical rebounds, these results need further monitoring and investigation in futures real-world registries.


Study Limitations

The main limitation of the present study is the retrospective design, which does not allow to control for unaccounted confounding. Moreover, the choice to implant the investigated BP-SES was left at the operator's discretion and not guided by the study protocol. The low number of adverse events recorded did not allow to perform a multivariate adjustment.




CONCLUSION

Third-generation, ultrathin BP-SES does not appear to be associated with an increased risk of adverse outcomes in a real-world clinical setting, irrespective of the gender of the treated patients. Continuous post-marketing monitoring and larger-scale studies are needed to corroborate these positive results.
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57(163)
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00
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3(45)
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6(.1)
3(4.5)
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12(18.2)

P-value

0.003
0.010
0.50
0.40
0.45

0.28
063
0.44
0.073
0.067
091
0.28
0.42
0.070
0.13
0.34
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BARC, Bleeding academic research consortium; CABG, coronary artery bypass graft; CAD, coronary artery disease; LAD, left anteriore descending coronary; LCx, left circumflex

coronary; M, myocardial infarction; NSTEMI, non ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction.
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