Impact of structural features of very thin stents implanted in unprotected left main or coronary bifurcations on clinical outcomes
Running title: insights from the RAIN (veRy thin stents for patients with left mAIn or bifurcatioN in real life) registry.
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ABSTRACT.
Introduction. Clinical impact of structural features of very thin coronary stents implanted on unprotected left main (ULM) or coronary bifurcation remains to be defined.

Methods. All consecutive patients enrolled in the RAIN (veRy thin stents for patients with left mAIn or bifurcatioN in real life) registry were included. The following stent structural features were studied: antiproliferative drugs (everolimus vs. sirolimus vs. zotarolimus), strut material (platinum chromium vs. cobalt chromium), (c) polymer (bioresorbable vs. durable), number of crowns (<8 vs. ≥8) and number of connectors (<3 vs. ≥3). For small diameter stents (≤2.5 mm), struct thickness (74 vs. 80/81 µm) was also tested. Target lesion failure (TLF), a composite of target lesion revascularization and stent thrombosis was the primary endpoint. Its components and major adverse cardiovascular events (MACE), a composite of death, myocardial infarction and TLR, were the secondary endpoints. Multivariate analysis was performed with Cox regression models.
Results. Out of 2707 patients, 110 (4.1%) experienced a TLF event after 16 months (12-18). After adjustment for confounders, an increased number of connectors (adj-HR 0.62, 95% CI 0.39-0.99, p=0.04) reduced risk of TLF, driven by stents with ≥2.5 mm diameter (HR 0.54, 95% CI 0.32-0.93, p=0.02). This independent relationship was lost for stents with diameter < 2.5 mm, where only strut thickness appeared to impact. Conversely, no independent relationship of polymer type, number of crowns and the specific limus-family eluted drug with outcomes was observed.
Conclusion. Among a range of contemporary very thin stent models, an increased number of connectors improved device-related outcomes in this investigated high-risk procedural setting. 
INTRODUCTION

Successfully developed to overcome the high rates of bare metal stent restenosis, drug-eluting stent (DES) initially faced the downside of increased late stent thrombosis (ST) and in-stent neoatherosclerosis (1, 2). These limitations with first-generation DES fostered a technological development of stent structural characteristics, overall translating in improved clinical outcomes with contemporary generation DESs (3, 4), also in high risk settings like bifurcation, unprotected left main (ULM) and chronic total occlusion (CTO) (5–8).
Evolution of stent design comprised materials and struts thickness, strut geometrical features (crowns and connectors), polymer coatings and eluted drugs. While these features affect thrombogenicity and neointimal proliferation from both theoretical and experimental standpoints (9), their relative contribution to the final outcome is somewhat less clear. 
Specifically, while reduced occurrence of target lesion revascularization (TLR) and ST with thinner strut stents is largely demonstrated (10), no such definite evidence is clearly available for other structural features. In comparison with durable polymers, drug elution from bioresorbable polymers has not consistently shown improved outcomes to date (11,12). Concerning stent geometry, paucity of data exists linking stent backbone features to outcomes, although a recent meta-analysis of our group showed reduction of TLR and ST for stents with a number of connectors ≥ 3 (13). 
Moreover, whether these findings still apply in the setting of thin stents is undefined. Indeed, contemporary stents with struct thickness < 81 µm are per se associated with very low TLR and ST rates in the overall percutaneous coronary intervention (PCI) population, possibly attenuating the potential benefit of other stent structural features. Conversely, this benefit may still be of clinical relevance in high risk PCI subsets, such as unprotected left main (ULM) or coronary bifurcations, where considerable TLR and ST risk is still reported, as high as 5.5% and 2% for ULM lesions in real-life contemporary registries (14-17).
With these premises, we sought to evaluate the independent clinical impact of stent structural features in a large real-life cohort of patients undergoing ULM or coronary bifurcation PCI with a range of very thin strut stents.

METHODS.

The RAIN (veRy thin stents for patients with left mAIn or bifurcatioN in real life) registry is a multicenter study (see Appendix web only for sites of enrollment, NCT03622203) that retrospectively recruited patients from June 2015 to January 2017 (8).
All consecutive patients presenting with a critical lesion of an ULM or involving a bifurcation (see Appendix web only for definition) in our Centers were included, if treated with thin stents (see reference number 16 for details).
Study objectives and definitions.

The following stent structural features were studied: (a) kind of antiproliferative drugs (everolimus vs. sirolimus vs. zotarolimus), (b) kind of strut material (platinum chromium vs. cobalt chromium), (c) kind of polymer (bioresorbable vs. durable), (d) number of crowns (<8 vs. ≥8), (e) number of connectors (<3 vs. ≥3). In the subset of lesions treated with small diameter DESs (≤2.5 mm), where struct thickness of the studied stent models differs, this feature was also tested (DESs with strut thickness of 74 vs. 80/81 µm).
A list of individual stent characteristics are listed in Table 1.
Target lesion failure (TLF), a composite and mutual exclusive endpoint of target lesion revascularization (TLR) and stent thrombosis (ST) was the primary endpoint, while its individual components and major adverse cardiovascular events ([MACE], a composite of death, myocardial infarction and TLR) were the secondary endpoints. 
The association of stent structural features with outcomes was assessed. Sensitivity analysis according to stent diameter (>2.5 vs. ≤2.5 mm) were further carried.
Statistical analysis.

Categorical variables are reported as count and percentages, whereas continuous variables as mean and standard deviations or interquartile range (IQR). Gaussian or not Gaussian distribution was evaluated by Kolmogorov-Smirnoff test. The t-test was used to assess differences between parametric continuous variables, Man-Whitney U test for non parametric variables, the chi-square test for categorical variables and Fisher exact test for 2x2 tables. Cox multivariate analysis was performed to assess the independent predictors of TLF, with results presented as hazard ratios (HR) and 95% confidence intervals (CI). 
RESULTS

Out of 2707 patients included in our registry, 110 (4.1%) experienced a TLF event after 16 months (12-18), with 1.9% experiencing ST and 3.4% TLR (secondary endpoint event rates detailed in Supplementary Table 1). The number of patients treated with each stent model is detailed in Table 1.
Clinical and procedural features 
Baseline features were similar between patients with and without TLF events regarding mean age (68.3±9.4 vs 68.7±11.3 years old, p=0.73), gender (female gender 20% vs 23.6%, p=0.42) and smoking habits. Patient experiencing TLF were more frequently hypertensive (84.5% vs 74.3%, p=0.01), with chronic kidney disease (25.5% vs 19%, p=0.04) and with a history of previous coronary artery bypass graft (8.2% vs 4.7%, p=0.04, Table 2).

Bifurcation treatment strategy (2-stent: 36.3% vs. 15.6%, p=0.05), LM PCI (49.5% vs. 26.5%, p<0.01) and type C lesion (50.0% vs. 37.9%, p=0.02) were more frequent in patients experiencing TLF. No other association of anatomical and procedural features with TLF was observed (Table 3).
Association of stent structural features with outcomes
At univariate analysis, no association of polymer type (reabsorbable: 29.1% vs 31.1%, durable: 70.9% vs 68.9%, p=0.67), kind of antiproliferative drug (everolimus: 57.3% vs. 62.4%, sirolimus 9.6% vs. 10.0%, zotarolimus 28.0% vs.32.7%, p=0.52) and n. of connectors ≥ 3 (71.8% vs 73.5%, p=0.38) with TLF was observed. 
Patients experiencing TLF were more commonly treated with DES in platinum chromium (76.4% vs 64.0%, p<0.01) or with n. of crowns ≥ 8 (90.0% vs 78.3%, p<0.01) as compared to patients without TLF (Table 4).
At multiple Cox regression analysis, both the stent material (HR 1.44, 95% CI 0.88-2.44, p=0.15) and a n. of crowns ≥ 8 (HR 1.00, 95% CI 0.48-2.08, p=0.98) did not remain significantly associated with TLF. Conversely, DESs with ≥ 3 connectors were associated with reduced risk of TLF when adjusted for confounders (HR 0.62, 95% CI 0.39-0.99, p=0.04). No other investigated structural features were associated with TLF at multivariate analysis, while most TLR-associated patient-level and lesion-level characteristics remained so also after adjustment (Figure 1 and Table 5). 
Adjusted HR and 95% CI of stent structural characteristics for the secondary endpoints are presented in Supplementary Figure 1 to 3. No interaction of stent structural characteristics with secondary endpoints was observed.
Sensitivity analysis according to DES diameter
2138 patients were treated with a DES > 2.5 mm in diameter. TLF occurred in 4.2% and 3.7% of patients with a DES > 2.5 mm and ≤ 2.5 mm in diameter, respectively.
Among patients receiving stent with > 2.5 mm diameter, stent material (cobalt chromium vs. platinum chromium: 1.4% vs. 3.5%, p<0.01) and n. of crowns < 8 (1.1% vs. 3.8%, p=0.01) were associated with TLF, but lost correlation after adjusting for confounders (Supplementary Table 2). Conversely, at multivariate analysis, a n. of connectors ≥ 3 seemed to significantly impact on the occurrence of TLR (HR 0.54, 95% CI 0.32-0.93, p=0.02; Figure 2 and Supplementary Table 2), although not translating in overall reduced MACE.
Among patients receiving smaller (≤ 2.5 mm) stent diameters, drug type (zotarolimus vs. everolimus vs. sirolimus: 0.7% vs. 4.6% vs. 5.5%, p=0.04) and strut thickness (74 µm vs. 80/81 µm: 1.1% vs. 5.9%, p<0.01) were associated with TLF, with struct thickness predicting TLF also after adjustment for confounders (HR 0.17, 95% CI 0.03-0.84, p=0.03).
No interaction of other stent characteristics with TLF was observed in this subset (Figure 3 and Supplementary Table 3).

DISCUSSION
New DESs with thin struts have further improved clinical outcomes, as compared with earlier generation ones, with exceedingly low rates of ST and uncompromised effectiveness in the overall PCI population (18). This evolution has allowed expansion of PCI indications to more complex clinical and anatomic disease, with favorable procedural and clinical outcomes. However, in these high-risk subsets, procedural-related ischemic events may still occur at unacceptably high rates, warranting investigations to inform future research to blunt the determinants of residual device-related risk.

The aim of this study was to assess the link between stent structural components and device-associated outcomes in a large, real-life prospective cohort of patients undergoing ULM/bifurcation PCI with a range of new-generation very thin DESs constructed of different polymers, eluted drugs and strut’s characteristics.
Our main findings can be summarized as follow:

1) In real-world patients undergoing ULM/bifurcation PCI, TLF and ST still occur at fairly high rates despite the use of very thin DESs.
2) Among very thin DESs, an increased number of connectors may be associated with reduced TLF. This benefit seems to be more clearly evident in stents with > 2.5 mm diameter.
3) Among very thin DESs, the polymer type, the number of crowns and the specific limus-family eluted drug may not relevantly impact on TLF occurrence. 

4) Despite the use of thin contemporary devices, well-established patient- and lesion-level factors still appear to significantly impact on residual device-related risk.
The suboptimal safety and efficacy of first-generation DESs fostered technological innovation of these devices (18). In the years, limus-family drug-releasing stents demonstrated benefit as compared to those releasing paclitaxel, possibly due to the better cytotoxic profile of limus-family analogues (19); new chrome-based alloys improved device radial strength over stainless still allowing for thinner struts with lower thrombogenicity and better device-related outcomes (10), novel durable polymers with better biocompatibility and drug-release kinetics demonstrated lower neointimal proliferation translating into reduced TLR (20–23); reduction in the number of strut connectors was achieved to favor radial flexibility and stent deliverability, although whether this feature might favor clinical outcomes has not been clarified (24, 25). 
Overall, these progresses in structural characteristics of stent devices resulted in optimal device-related outcomes, which seems to have progressively plateaued in the last decade.

To our knowledge, this is the first study to assess in a direct comparison, with patient-level data, the impact of contemporary alternative stent structural components on device-associated outcomes in a large, real-life cohort of high-risk PCI procedures with a range of new-generation very thin DESs.
Our observations support the concept that, despite excellent device-related contemporary outcomes in the overall PCI population, TLF risk may still be significant following ULM/bifurcation PCI (14-17). Accordingly, the clinical impact of alternative device structural features may be of particular magnitude in this technically and anatomically challenging setting, by modulation of the thrombogenicity and the inflammatory activation secondary to stent deployment variability and enhanced shear stress (5, 26, 27).
The study findings at least partially support this concept, showing an interaction of the number of connectors and of the struct thickness with TLF among lesions treated with comparably thin DESs.

First, after adjusting for confounders we observed a 0.6-fold reduction of TLF for stents with a number of connectors ≥ 3. Despite a paucity of published data relating to stent backbone and design, both experimental and clinical evidence seems to back this observation. In standardized bench-top compression and elongation testing, stents with < 3 connectors have less longitudinal stability and are more susceptible to longitudinal distortion than those with more connectors (27). A recent meta-analysis of our group including patients treated with contemporary variously thick DESs from randomized controlled trial demonstrated a reduction of TLR and ST for stents with a number of connectors ≥ 3 (13). Taken together, these findings seem to suggest that the reduction in stent connectors achieved by most contemporary stent models initially aimed at improving device flexibility and deliverability, may in turn exert a negative clinical effect, possibly favoring longitudinal distortion and stent-ends malapposition (27). Of note, we found this association to be mainly driven by stents with diameter ≥2.5 mm, possibly relating to a different trade-off between longitudinal stability and radial flexibility according to vessel size, with a minor benefit from enhanced longitudinal integrity (or an increased need for stent flexibility) in smaller vessels.

Second, we observed a 0.2-fold reduction of TLF with thinner strut DESs in lesions requiring small diameter stents. Of note, we could not assess the impact of strut thickness on outcomes in larger diameter stents because of very similar thickness (79-81 μm) of the studied stent models in this subset. We deem this finding of particular clinical significance for several reasons. First, the observed effect size magnitude of thinner struts on TLF reduction was exceptionally relevant. Second, the finding was apparent also despite very thin strut (80/81 µm) comparators. Accordingly, the effect size might have been even more relevant if rivalled with commercially available stent models with thicker strut.. Our results are in line with a recent meta-analysis showing 16% reduction in TLF with ultrathin (<70 μm) vs. older second generation DESs (10), and possibly expand further current knowledge suggesting this benefit to be of particular relevance in small vessel lesions, where even a small amount of neointimal growth or thrombus formation can severely impair blood flow (29).

Third, we did not find a significant impact of the other investigated structural characteristics on TLF. This is not a surprising result, in the background of current body of scientific knowledge. Concerning polymers, despite a rationale for reduced vascular

inflammation, delayed arterial healing and incomplete endothelial strut coverage with biodegradable over durable polymers (28), no clear evidence translating these theoretical advantages into long-term clinical outcomes has been produced to date (15). Of note, the advantage of a bioresorbable (or absent) polymer may be of benefit in specific patient subsets requiring very short dual antiplatelet therapy (30). Regarding -limus-family drugs, previous comparisons showed similar outcomes among stent-eluted active principles (4, 31). Moreover, these drugs exert their action through inhibition of the same pharmacological target, with overall excellent pharmacokinetic profiles (31). Whether different limus-family drugs such as biolimus or amphillimus may provide additional benefit was not tested in this study. Finally, improved hemodynamics with optimized shear stress may theoretically be achieved by reduction in crowns number (28). However, an absence of interaction of crowns number with outcomes was previously reported, suggesting this benefit, if existent, to be clinically negligible (13).
To conclude, in our study, well-established patient- (hypertension, chronic kidney disease) and lesion-level (LM lesion, true bifurcation, type C lesion) factors appear to significantly impact on residual device-related risk, despite the use of very thin contemporary devices. This observation suggests that despite excellent structural characteristics of contemporary stents, they are unable to completely blunt the thrombogenicity and the inflammatory activation secondary to the pathobiological processes caused by specific anatomic conformations of a lesion or individual diseased states of a patient. To this aim, optimal stent positioning with the help of intravascular imaging and proper implantation techniques may play a paramount role (17). Complementary, further development in stent design is warranted. To this end, our study suggests that improvement in stent backbone characteristics, including optimal connector numbers and strut thickness, may further improve device-related outcomes in challenging PCI settings.
LIMITATIONS
The findings of this observational study should be interpreted in the context of some limitations. First, we identified clinical variables on the basis of documentation in medical records, and the completeness of that documentation may not have been consistent either across hospitals or over time. Second, this is an observational registry, with stent model choice at discretion of the treating physician. We obviated to the resulting potential selection bias by multivariate adjustment for relevant patient- and lesion-related variables, despite residual bias cannot be excluded. Third, stent structural characteristics comprise complex geometrical features, whose independent impact in clinical practice is hard (if at all possible) to measure, accordingly we cannot exclude covariation of measured variables with these unmeasured confoundings. However, the consistency of our findings with previous literature along with an underlying strong physiopathological rationale seems to support the validity of our observations.
CONCLUSIONS

In real-world patients undergoing ULM/bifurcation PCI with a range of contemporary very thin stents, an increased number of connectors improved device-related outcomes. Improvement in stent backbone characteristics may further improve device-related outcomes in challenging PCI settings.
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FIGURE LEGENDS

Figure 1. Adjusted hazard ratios for TLF according to stent structural, clinical and procedural features in the overall study population

eGFR, estimated Glomerular Filtration rate. * vs. durable-polymer; ** vs. everolimus; ***vs. sirolimus; **** vs. cobalt chromium. 
Figure 2. Adjusted hazard ratios for TLF according to stent structural, clinical and procedural features in the subset of stents with >2.5 mm diameter

eGFR, estimated Glomerular Filtration rate. * vs. durable-polymer; ** vs. everolimus; ***vs. sirolimus; **** vs. cobalt chromium. 
Figure 3. Adjusted hazard ratios for TLF according to stent structural, clinical and procedural features in the subset of stents with ≤2.5 mm diameter

eGFR, estimated Glomerular Filtration rate. * vs. durable-polymer; ** vs. everolimus; ***vs. sirolimus; **** vs. cobalt chromium. 
TABLES 

Table 1. Structural characteristics of individual stent brands in the study population

	STENT MODEL
	Material
	Polymer
	Eluted drug
	N of connectors
	N of crowns
	N of treated patients (%)

	Promus Element
	Platinum chromium
	Durable
	Everolimus
	2/ 4/ 5***
	8/ 10°°°
	402 (14.9)

	Xience Alpine
	Cobalt chromium
	Durable
	Everolimus
	2/ 3****
	6/ 9°°°°
	699 (25.9)

	Ultimaster
	Cobalt chromium
	Reabsorbable
	Sirolimus
	2
	8
	260 (9.6)

	Synergy
	Platinum chromium
	Reabsorbable
	Everolimus
	2/ 4°
	8/10§
	580 (21.4)

	Resolute Onyx
	Platinum chromium
	Durable
	Zotarolimus
	2/ 2.5°°
	6.5/ 8.5/ 9.5/ 10.5§§
	763 (28.2)


Diameters (mm):  *2.25-2.75/ 3.00-3.50/ ≥4.0; ** <2.50/ 3.00-3.50/ ≥4.0; *** 2.25/ 2.50-3.50/ ≥4.00; ****<3.00/ ≥3.00; °° <3.50/ ≥3.50; °°°<4.00/ ≥4.00; °°°°<3.50/ ≥3.50; §<4.00/ ≥4.00; §§≤2.5/ 2.75-3.00/ 3.50-4.00/ ≥4.50. 

°4 connectors at the two edges for small size and workhorse, 5 for large (≥4.00 mm diameter) sizes.
Table 2. Baseline patient characteristics (N = 2707 patients)

	 
	TLF
(110 pt.)
	Non-TLF
(2597 pt.)
	p-value

	Age (mean ± SD)
	68.3±9.4
	68.7±11.3
	0.73

	Female (%)
	20
	23.6
	0.42

	Hypertension (%)
	84.5
	74.3
	0.01

	Hyperlipidemia (%)
	51.8
	61.3
	0.06

	Diabete mellitus non ID (%)
	28.2
	25.8
	0.58

	Diabete mellitus ID (%)
	6.9
	7.6
	1

	Smoker (%)
	
	
	

	Previous
	33
	29.4
	

	Current
	20.5
	25.7
	0.18

	Renal Disease (eGFR <60) ml/min/m2) (%)
	25.51
	19
	0.04

	Previous PCI (%)
	37.3
	32.1
	0.25

	Previous CABG (%)
	8.2
	4.7
	0.04

	Previous MI (%)
	26.4
	30.3
	0.4

	Indication for PCI (%)
	
	
	

	STEMI
	7.3
	17.6
	

	NSTEMI
	23.9
	23.9
	

	UA
	18.3
	13.9
	

	Stable angina
	32.1
	25.8
	

	Planned angio. FU or positive stress test
	6.4
	6.1
	<0.01


Values are expressed as n/N of patients (%) or mean ± standard deviation. 

ID: insulin dependent, PCI: Percutaneous Coronary Intervention, CABG: Coronary Artery By-pass Graft, MI: Myocardial Inferction, STEMI: ST-elevation Myocardial Infarction, NSTEMI: non ST-elevation myocardial infarction, UA: Unstable Angina.
Table 3. Lesion and procedural characteristics 

	
	TLF
(110 pt.)
	Non-TLF
(2597 pt.)
	p-value

	Radial access (%)
	51.6
	40.4
	0.12

	Overall LM (%)
	49.5
	26.5
	<0.01

	LM portion (%)
	
	
	

	Ostial
	17.7
	14.9
	

	Mid
	22.6
	20.1
	

	Distal
	59.7
	59.7
	0.68

	Bifurcation  lesion (%)
	87
	88.6
	0.64

	Type C lesion (%)
	50
	37.9
	0.02

	Two-stent strategy (%)
	36.3
	15.6
	<0.01


Values are expressed as n/N of lesions (%). LM: Left Main
Table 4. Stent structural characteristics 
	
	TLF

 (n=110)
	NON TLF (n=2597)
	p-value

	Drug type
	
	
	

	Everolimus (%)
	57.3
	62.4
	

	Sirolimus (%)
	9.6
	10.0
	

	Zotarolimus (%)
	28.0
	32.7
	0.45

	Polymer type
	
	
	

	Reabsorbable (%)
	29.1
	31.1
	

	Durable (%)
	70.9
	68.9
	0.37

	Stent material
	
	
	

	Cobalt-chrome (%)
	23.6
	36.0
	

	Platinum-Chrome (%)
	76.4
	64.0
	<0.01

	Number of Crowns 
	
	
	

	< 8
	10.0
	21.7
	

	≥ 8
	90.0
	78.3
	<0.01

	Number of Connectors
	
	
	

	< 3
	28.2
	26.5
	

	≥ 3
	71.8
	73.5
	0.38


Table 5. Univariate and multivariate association of stent structural features with TLR 
	
	
	
	
	Multivariate analysis

	Structural characteristic
	TLF (%)
	p-value
	HR (95% CI)
	p-value

	Drug type
	
	
	
	
	

	Zotarolimus vs. Everolimus
	4.7
	3.7
	
	1.88 (0.92-3.86)
	0.08

	Zotarolimus vs. Sirolimus
	4.7
	4.2
	0.45
	2.51 (1.25-5.03)
	0.09

	Polymer type
	
	
	
	
	

	Reabsorbable vs durable
	3.8
	4.2
	0.37
	0.82 (0.51-1.3)
	0.41

	Stent material
	
	
	
	
	

	Cobalt-ch. vs. Platinum-ch. 
	2.7
	4.8
	<0.01
	0.69 (0.41-1.14)
	0.15

	Number of Crowns 
	
	
	
	
	

	< 8 vs. ≥ 8
	1.9
	4.7
	<0.01
	1.00 (0.48-2.08)
	0.98

	Number of Connectors
	
	
	
	
	

	< 3 vs. ≥ 3
	4.0
	4.3
	0.38
	0.62 (0.39-0.99)
	0.04


Values are expressed as n (%) and hazard ratio (HR) with 95% confidence interval (CI). Hazard ratios are derived from multiple Cox Regression analysis.
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SUPPLEMENTARY APPENDIX

Supplementary Table 1. Overall event rates in the study cohort (%) at a median follow-up of 16 (12-18) months
	Event rates (%)

	TLF
	4.1

	MACE
	12.6

	Death
	6.2

	MI
	4.1

	TLR
	3.4

	ST
	1.9


Values are expressed as %. TLF, target lesion failure; MACE, major adverse cardiovascular events; MI, myocardial infarction; TLR, target lesion revascularization; ST, stent thrombosis.
Supplementary Table 2. Association of structural characteristics with target lesion failure in stents with diameter > 2.5 mm
	
	
	
	
	Multivariate analysis

	Structural characteristic
	TLF (%)
	p-value
	HR (95% CI)
	p-value

	Drug type
	
	
	
	
	

	Zotarolimus vs. Everolimus
	5.6
	3.5
	
	1.35 (0.59-3.00)
	0.48

	Zotarolimus vs. Sirolimus
	5.6
	3.9
	0.08
	2.31 (1.02-5.24)
	0.05

	Polymer type
	
	
	
	
	

	Reabsorbable vs durable
	2.9
	3.7
	0.19
	0.82 (0.51-1.31)
	0.41

	Stent material
	
	
	
	
	

	Cobalt-ch. vs. Platinum-ch. 
	1.4
	3.5
	<0.01
	0.69 (0.42-1.16)
	0.17

	Number of Crowns 
	
	
	
	
	

	< 8 vs. ≥ 8
	1.1
	3.8
	0.01
	0.75 (0.18-3.33))
	0.70

	Number of Connectors
	
	
	
	
	

	< 3 vs. ≥ 3
	3.4
	3.5
	0.50
	1.82 (1.07-3.11)
	0.02


Supplementary Table 3. Association of structural characteristics with target lesion failure in stents with diameter ≤ 2.5 mm
	Variable
	
	
	
	Multivariate analysis

	Structural characteristic
	TLF (%)
	p-value
	HR (95% CI)
	p-value

	Drug type
	
	
	
	
	

	Zotarolimus vs. Everolimus
	0.7
	4.6
	
	0.85 (0.17-4.11)
	0.31

	Zotarolimus vs. Sirolimus
	0.7
	5.5
	0.04
	0.65 (0.22-1.82)
	0.27

	Polymer type
	
	
	
	
	

	Reabsorbable vs durable
	2.8
	3.1
	0.54
	0.61 (0.21-1.83)
	0.38

	Stent material
	
	
	
	
	

	Cobalt-ch. vs. Platinum-ch. 
	2.4
	4.0
	0.19
	0.65 (0.22-1.89)
	0.42

	Number of Crowns 
	
	
	
	
	

	< 8 vs. ≥ 8
	1.9
	4.3
	0.09
	0.76 (0.26-2.27)
	0.62

	Number of Connector
	
	
	
	
	

	< 3 vs. ≥ 3
	2.4
	3.4
	0.33
	0.83 (0.27-2.51)
	0.74

	Strut thickness 
74 vs. 80/81 µm   
	1.1
	5.9
	<0.01
	0.17 (0.03-0.84)
	0.03


Supplementary Figure 1. Adjusted hazard ratios for MACE according to stent structural features in the overall study population
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Supplementary Figure 2. Adjusted hazard ratios for ST according to stent structural features in the overall study population
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Supplementary Figure 3. Adjusted hazard ratios for TLR according to stent structural features in the overall study population
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