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Abstract

Background Newer generation ultrathin strut stents are associated with less incidence of target lesion failure (TLF)
in patients undergoing percutaneous coronary intervention (PCl) in the short term. However, its long-term effect
on different cardiovascular outcomes remains unknown.

Objectives We aim to identify the effects of newer-generation ultrathin-strut stents vs. standard thickness second-
generation drug-eluting stents (DES) on long-term outcomes of revascularization in coronary artery disease.

Methods We searched PubMed, Web of Science, Cochrane Library databases, and Scopus for randomized controlled
trials (RCTs) and registries that compare newer-generation ultrathin-strut (< 70 mm) with thicker strut (> 70 mm) DES
to evaluate cardioprotective effects over a period of up to 5 years. Primary outcome was TLF, a composite of car-

diac death, target vessel myocardial infarction (TVMI) or target lesion revascularization (TLR). Secondary outcomes
included the components of TLF, stent thrombosis (ST), and all-cause death were pooled as the standardized mean
difference between the two groups from baseline to endpoint.

Results We included 19 RCTs and two prospective registries (103,101 patients) in this analysis. The overall effect

on the primary outcome was in favor of second-generation ultrathin struts stents in terms of TLF at > 1 year, > 2 years,
and >3 years (P value=0.01, 95% CI [0.75, 0.96]), P value=0.003, 95% CI [0.77, 0.95]), P value=0.007, 95% CI [0.76,
0.96]), respectively. However, there was no reported benefit in terms of TLF when we compared the two groups

at > 5 years (P value=0.21), 95% CI [0.85, 1.04]). Some of the reported components of the primary and secondary out-
comes, such as TLR, target vessel revascularization (TVR), and TVMI, showed the same pattern as the TLF outcome.

Conclusion Ultrathin-strut DES showed a beneficial effect over thicker strut stents for up to 3 years. However,

at the 5-year follow-up, the ultrathin strut did not differ in terms of TLF, TLR, TVR, and TVMI compared with standard-
thickness DES, with similar risks of patient-oriented composite endpoint (POCE), MI, ST, cardiac death, and all-cause
mortality.
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Introduction

Percutaneous coronary intervention (PCI) is the recom-
mended revascularization approach for restoring blood
flow to the heart in patients with stable coronary artery
disease (SCAD) when medical treatment fails to enhance
prognosis or alleviate symptoms (chest pain, weakness,
short of breath) [1]. Additionally, it is the recommended
reperfusion strategy for patients presenting with acute
ST-segment elevation myocardial infarction (STEMI)
[2]. The implementation of first-generation drug-eluting
stents (DES) decreased the occurrence of restenosis com-
pared to bare metal stents. However, this advancement
was at the expense of higher rates of stent thrombosis
(ST). The incidence of definite very late ST ranges from
0.6 to 0.7% per year, while the rate of major adverse car-
diac events (MACE) showed a steady increase of 2.6%
annually [3]. The occurrence of unfavorable outcomes
with the first-generation and contemporary permanent
polymer-based DES provides a chance for step-by-step
enhancement [4-9].

Improved stent design, enhanced polymer coating, and
the rate of release of antiproliferative agents have con-
tributed to DES’s increased safety and efficacy. Second-
generation thin-strut DES have demonstrated a reduced
risk of restenosis, ST, myocardial infarction (MI), or even
death compared to older-generation DES or bare metal
stents [10, 11]. Additionally, newer generations of stents
with ultrathin strut thickness or biodegradable poly-
mers can accelerate endothelialization, enhance healing,
reduce inflammation and arterial injury, and decrease
neointimal proliferation and thrombogenicity [12].

Recent research showed that ultrathin-strut DES with
a thickness of less than 70 um can enhance outcomes
even more than second-generation DES [13]. Ultrathin
second-generation DES has been found to have lower
rates of target lesion failure (TLF) at both 2 years and
3 years compared to second-generation DES with stand-
ard thickness, as demonstrated by a recent meta-analysis
[14]. Nevertheless, the long-term safety and efficacy of
the initial advantages granted by ultrathin second-gen-
eration DES is still unknown. Hence, we conducted an
updated systematic review and meta-analysis, with an
extended follow-up period of 5 years, to compare the
clinical outcomes between ultrathin-strut and standard
thickness second-generation DES.

Methods

Data collection and extraction

We searched PubMed, Scopus, Web of Science, and
Cochrane Library databases up to November 2023
using the search terms: (Ultrathin strut OR Thin strut
OR Orsiro stent) AND (Sirolimus-eluting stent OR SES
OR drug-eluting stents OR DES) AND (Coronary artery
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intervention OR Percutaneous coronary intervention OR
Coronary angioplasty OR Stent implantation).

Endnote software (Clarivate Analytics, PA, USA)
removed duplicates. The retrieved references were
screened in two steps: the first consisted of screening the
titles/abstracts independently by (A.M, M.N, and A.H) to
determine their relevance, and the second consisted of
screening the full-text articles of the identified abstracts
for final eligibility to the quantitative analysis. The Rayyan
website was used in the selection process [15].

Our search identified 994 results after duplicates
were removed. Following the title and abstract screen-
ing, 53 papers were selected for full-text review. Of
them, 50 studies were included in the meta-analysis.
No further papers were included after manually search-
ing the references of the included studies. The selec-
tion process is illustrated in the PRISMA flow diagram
of the study in Fig. 1 and was registered on PROSPERO
(CRD42024506460).

Studies enrolled patients with coronary artery disease
undergoing PCI, comparing ultrathin sirolimus-eluting
stent vs. standard thickness second-generation DES in
RCTs, and registries reporting clinical outcomes were
included in our meta-analysis. Animal studies, non-Eng-
lish studies, abstracts without available data, and unpub-
lished studies were excluded. The data were extracted to
a uniform standardized data extraction sheet, including
(1) a summary of study characteristics, (2) stent charac-
teristics, (3) baseline patient characteristics, (4) lesion
characteristics and treatment procedures, and (5) clinical
outcomes.

Outcomes

The primary endpoints of the current analysis included
TLF, a composite of cardiac death, target vessel myo-
cardial infarction (TVMI), and target lesion revas-
cularization (TLR). Secondary outcomes included
patient-oriented composite endpoint (POCE) of all-cause
death, MI, repeat revascularization, and each compo-
nent of TLF and ST. All outcomes are up to 5 years of
follow-up.

Risk-of-bias assessment

We utilized the revised Cochrane risk-of-bias tool for
RCTs (RoB 2) to evaluate the risk of bias in the included
clinical trials [16]. This evaluation encompassed an
assessment of the randomization process, concealment
of the allocation sequence, deviations from the intended
interventions, utilization of appropriate analysis to esti-
mate the effect of assignment to intervention, measure-
ment of the outcome, selection of the reported results,
and overall risk of bias. The assessment of the meth-
odological quality of the studies was classified as either
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Fig. 1 PRISMA flow diagram of the study

low risk, with some concerns, or high risk of bias. For
prospective registries, we used The Cochrane ROBINS-
I tool [17], which includes the following domains: (1)
bias due to confounding, (2) bias in the selection of par-
ticipants into the study, (3) bias in the classification of
interventions, (4) bias due to deviations from intended
interventions, (5) bias due to missing data, bias in the
measurement of outcomes, and (6) bias in the selection
of the reported result. Any conflicts between the review-
ers were resolved by consensus or consultation.

Statistical analysis

We used RevMan v5.3 to conduct the statistical analy-
sis [18]. We used the risk ratio (RR) to pool the results
of dichotomous outcomes, and we used the mean differ-
ence (MD) with a 95% confidence interval (CI) to pool
the continuous outcomes. We used the fixed-effects

model. However, the random-effects model was used
in case of significant heterogeneity. Chi-square and
I-square tests were used to evaluate heterogeneity, where
the Chi-square test detects the presence of heterogene-
ity, and the I-square test evaluates its degree. I-square
was interpreted in accordance with the Cochrane Hand-
book (chapter nine) [19] as follows: heterogeneity is not
significant for 0-40%, moderate for 30—60%, substantial
for 50-90%, and considerable for 75-100%. We consid-
ered an alpha level below 0.1 for the Chi-square test to
detect significant heterogeneity. We performed a leave-
one-out sensitivity analysis to address the heterogeneity
in our pooled studies. By systematically excluding each
study one at a time, we identified which studies con-
tributed to the heterogeneity and reported our findings
accordingly. We used Stata MP version 17 (Stata Corp)
to assess the publication bias by inspection and Egger’s
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test in outcomes reported by ten or more studies. We
conducted a subgroup analysis for the follow-up duration
as follows: >1 year (any study’s follow-up duration from
1 year to less than 2 years), >2 years (any study’s follow-
up duration from 2 years to less than 3 years), >3 years
(any study’s follow-up duration from 3 years to less than
4 years), and >5 years (any study’s follow-up duration
5 years or more).

We conducted a subgroup analysis comparing acute
coronary syndrome (ACS) and chronic coronary syn-
drome (CCS) patients for all available outcomes across all
follow-up durations. We detected a subgroup difference
using the test of subgroup difference.

Results

After a detailed search, 19 RCTs and two registries were
included in our meta-analysis [20—69], according to the
Cochrane RoB2 and ROBINS-1 assessments. Nine stud-
ies had an overall low risk of bias, 11 had some concerns,
and one had an overall high risk of bias (Fig. 2). Analy-
sis of publication bias is summarized in Supplementary
Table 3.

Characteristics of the included studies

These studies included 103,101 patients who underwent
PCI for coronary artery disease (for both CCS and ACS)
using ultrathin-struts DES, n=19,001; standard thick-
ness second-generation DES, »=84,100). Nine studies
have reached five 5-year follow-ups, five studies have
reached three 5-year follow-ups, three studies have
reached 2-year follow-ups, and 4 years have reached
1-year follow-ups. The details of studies characteristics
are presented in Table S2. Summary of stent character-
istics, baseline patient characteristics, lesion character-
istics, and intervention procedures of the are outlined in
Tables 1, 2, and 3.

Primary outcome

Target lesion failure (TLF)

Ultrathin-struts DES were associated with a significant
decreased in the incidence of TLF at >1 year (RR: 0.85
with 95% CI [0.75, 0.96], P=0.01), at >2 years (RR: 0.86
with 95% CI [0.77, 0.95], P=0.003), and at >3 years (RR:
0.85 with 95% CI [0.76, 0.96], P=0.007) compared to
standard thickness second-generation DES. However,
there was no significant difference between ultrathin-
struts DES and standard thickness second-genera-
tion DES at 5 years (RR: 0.94 with 95% CI [0.85, 1.04],
P=0.21) (Fig. 3).

Cardiac death
There was no significant difference between ultrathin-
struts DES and standard thickness second-generation
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Fig. 2 Risk of bias and quality assessment

DES at >1 year (RR: 1.00 with 95% CI [0.82, 1.22],
P=1.00), at >2 years (RR: 1.12 with 95% CI [0.92, 1.37],
P=0.27), at >3 years (RR: 1.03 with 95% CI [0.83, 1.27],
P=0.81), and at 5 years (RR: 0.98 with 95% CI [0.82,
1.17], P=0.84) (Fig. 4).

Target vessel-related myocardial infarction (TVMI)

Ultrathin-struts DES were associated with a decreased
incidence of TVMI at >2 years (RR: 0.81 with 95% CI
[0.68, 0.97], P=0.02) compared to standard thickness
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Testfor overall effect. Z=4.73 (P = 0.00001)

Test for subaroun differences: Chi*= 2.26, df= 3 (P =0.52), F=0%

Fig. 3 Forest plot of target lesion failure from 1 to 5 years follow-up
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Ultrathin-strut ~ Standard 2nd Gen Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 = 1year
BIODEGRADE 24 1167 34 1160 1.4% 0.70[0.42,1.18] —
BIOFLOW-II 19 298 12 154 0.6% 0.82[0.41,1.64] —
BIOFLOW-Iv 14 372 g 181 0.4% 0.85[0.36, 1.99]
BIOFLOW Y 52 833 41 427 2.2% 0.65[0.44, 0.96]
BIOFLOW-Y| 5 220 3 220 01% 1.67 [0.40, 6.89]
BIONYX 44 1245 48 1243 1.9% 0.92 [0.61,1.37] I m—
BIO-RESORT 47 1169 102 2345 27% 0.92 [0.66, 1.30] T
BIOSCIENCE 69 1063 70 1056  2.8% 0.98[0.71,1.39] —
BIOSTEMI 25 649 36 651 1.4% 0.70[0.42,1.15] —
CASTLE 43 722 41 718 1.6% 1.04 [0.69, 1.58] e
DESSOLVE-C 3 216 14 212 06% 0.56[0.24,1.31]
DESSOLVE Il 4 117 3 60 0.2% 0.658 [0.16, 2.96]
ORIENT 6 250 4 122 0.2% 0.73[0.21, 2.55]
SORT QUT VI 48 1261 58 1264 23% 0.83[0.57,1.21] —
TALENT 38 720 43 715 1.7% 0.85[0.57,1.34] S R
Subtotal (95% CI) 10302 10528 20.3%  0.85[0.75,0.96] R 3
Total events 446 817
Heterogeneity: Chi*= 6.96, df=14 (P=0.94);, F=0%
Testfor overall effect. Z= 2.54 (F=0.01)
1.1.2 = 2 years
BIOFLOW-Iv 19 385 11 190 0.6% 0.85[0.41,1.75] ——
BIOFLOW Y 62 823 49 413 26% 0.63[0.44,0.91]
BIONYX 711245 76 1243 31% 0.93[0.68, 1.28] T
BIO-RESORT 59 1169 146 2345 39% 0.51 [0.60, 1.09] B
BIOSCIENCE 107 1063 107 1056 4.3% 0.99[0.77,1.28] T
BIOSTEMI 33 649 53 651 21% 0.62 [0.41, 0.95]
DESSOLVE Il B 120 3 60 0.2% 1.00 [0.26, 3.86]
DESSOLVE Il 60 703 59 695 2.4% 1.01[0.71,1.42] i —
ORIENT 10 250 3 122 0.4% 0.61[0.25,1.51]
SORT QUT IX 100 1579 122 1872 4.9% 0.82 [0.63,1.08] —
SORT QUT VIl 84 1261 39 1264 36% 0.95[0.71,1.26] T
TALENT 49 720 56 715 23% 0.57 [0.60, 1.26] e
Subtotal (95% CI) 9967 10326 30.3% 0.86 [0.77, 0.95] ’
Total events 660 779
Heterogeneity: Chi*= 8.64, df=11 (P =0.65);, F=0%
Test for overall effect: Z= 3.02 (P=0.003)
1.1.3 = 3years
BIODEGRADE 37 1167 59 1160 2.4% 0.62[0.42,0.93]
BIOFLOW-IV 23 385 12 190 0.6% 0.95[0.48, 1.86)
BIOFLOW Y 70 584 59 450 31% 0.60[0.44, 0.84] —_—
BIONYX 91 1245 88 1243 35% 1.03[0.78,1.37] —r
BIO-RESORT 771169 182 2345 49% 0.85[0.66,1.10] —
DESSOLVE Il 72 703 79 693 3.2% 0.90 [0.66, 1.21] B
ORIENT 11 250 ] 122 05% 0.60[0.25, 1.40]
SORT QUT VI 114 1261 115 1264  46% 0.99[0.78,1.27] —
Subtotal (95% CI) 7064 7467 22.8%  0.85[0.76, 0.96] L3
Total events 495 603
Heterogeneity: Chi*=10.71, df=7 (P=0.156), F = 35%
Test for overall effect: Z= 2.68 (P = 0.007)
1.1.5 At 5 years
BIOFLOW-II 30 298 19 154 1.0% 0.52[0.48,1.40] —
BIOFLOW-Iv 27 385 14 190 0.8% 0.95[0.51,1.77]
BIOFLOW v 104 584 66 450 35% 0.80[0.60,1.07] —_—
BIO-RESORT 113 1169 237 2345 6.3% 0.96[0.77,1.18] B
BIOSCIENCE 198 1063 189 1056  7.6% 1.04[0.87,1.25] —_
BIOSTEMI 50 649 72 651 2.9% 0.70[0.49, 0.98]
DESSOLVE Il 11 119 5 53 0.3% 1.09[0.40, 2.99]
SORT QUT VIl 108 1261 107 1264 4.3% 1.01[0.78,1.31] —
Subtotal (95% CI) 5828 6169 26.6%  0.94 [0.85, 1.04] L 3
Total events 641 708
Heterogeneity: Chi*=6.01, df=7 (P=0.54), F=0%
Testfor overall effect: Z=1.25 (F = 0.21)
Total (95% CI) 33161 34490 100.0%  0.88[0.83,0.93] ¢
Total events 2242 2608

i (2= _ _ o | ! ) ,

Heterogeneity: Chi*= 3471, df =42 (P=0.78); F=0% 072 []fﬁ i é

Favours Ultrathin-strut  Favours Standard 2nd Gen
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Ultrathin-strut ~ Standard 2nd Gen Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 = 1year
BIODEGRADE 12 1167 16 1160 21% 0.75[0.35, 1.57] —
BIOFLOW-II 2 298 1 154 0.2% 1.03[0.09,11.31]
BIOFLOW-Iv 0 372 1 181 0.3%  0.16[0.01,3.97] ¢
BIOFLOW Y 1 831 3 425 0.5%  0.17[0.02,1.63]
BIOFLOWY-YI 1 220 1] 220 01% 3.00[0.12,73.24]
BIONYX 13 1245 7 1243 09%  1.85[0.74, 4.63] —
BIO-RESORT 10 1169 20 2345  1.7%  1.00(0.47,2.14] I —
BIOSCIENCE 20 1063 22 1056 2.9% 0.80[0.50, 1.64] I
BIOSTEMI 18 649 19 651 2.5% 0.85[0.50, 1.79] E
CASTLE 6 722 7 718 09%  0.85[0.29,2.52] S E—
DESSOLVE-C 1 216 2 212 0.3% 0.49[0.04, 5.37]
DESSOLVE Il 2 17 2 1] 0.3% 0.51 [0.07, 3.55] I
DESSOLVE Il 14 703 11 695 1.4% 1.26 [0.58, 2.79] e
meriT-¥ 1] 168 1} g4 Not estimable
ORIENT 3 250 1 122 0.2% 1.46[0.15 13.93]
PRISOM IV 1 165 2 165 0.3% 0.50[0.05, 5.46]
SORT QUT IX 29 1579 16 1672 21% 1.80[0.98, 3.31] —
SORT OUT VI 16 1261 18 1264 2.4% 0.89 [0.46, 1.74] T
TALENT 7 720 2 715 0.3% 3.48[0.72,16.67] 7
Yamaji etal. 2018 (CARDIOBASE) 33 1491 43 1451 5.6% 0.77[0.49,1.20] T
Subtotal (95% CI) 14366 14493 24.9% 1.00 [0.82, 1.22] L 3
Total events 189 193
Heterogeneity: Chi*= 15.70, df= 18 (P = 0.61); F= 0%
Test for overall effect: Z=0.00 (P = 1.00)
1.3.2 = 2years
BIOFLOW- IV 2 385 1 190 0.2% 0.99([0.09,10.82]
BIOFLOW Y 5 817 2 407 0.3%  1.25[0.24,6.39]
BIONYX 200 1245 12 1243 1.6% 1.66[0.82, 3.39) I —
BIO-RESORT 15 1169 34 2345 3.0% 0.88[0.48, 1.62] I
BIOSCIENCE 33 1063 33 1086 4.3%  0.99(0.62,1.60]
BIOSTEMI 19 649 21 651 2.7% 0.91 [0.49, 1.67] I
DESSOLVE Il 2 120 1 60 0.2% 1.00[0.09,10.81]
DESSOLVE Il 2 703 14 695 1.8% 1.48 [0.76, 2.89] -
merT-¥ 0 168 1} g4 Not estimable
ORIENT 2 250 2 122 0.4% 0.43[0.07, 3.42] I
SORT QUT I 41 1579 32 1672 4.2% 1.28[0.81, 2.01] T
SORT QUT VIl 29 1261 24 1264 31% 1.21[0.71, 2.07] T
TALENT 9 720 11 715 1.4% 0.81 [0.34, 1.95] 1
Subtotal (95% CI) 10129 10404 23.3% 1.12[0.92, 1.37] >
Total events 198 187
Heterogeneity: Chi*=4.80, df=11 (P=0.94); F=0%
Testfor overall effect Z=1.10{P =0.27)
1.3.3 = 3years
BIODEGRADE 21 1167 26 1160  3.4%  0.80[0.45 1.42) —
BIOFLOW-1V 3 385 1 180 0.2% 1.48[0.16,14.14]
BIOFLOW Y 9 884 5 450  09%  0.82[0.31,2.72] I E—
BIONYX 23 1245 13 1243 1.7%  1.77(0.90,3.47] T
BIO-RESORT 24 1169 49 2345 4.3% 0.98 [0.61, 1.59] I
DESSOLVE Il 27 703 26 693 3.4% 1.02 [0.60, 1.74] i
menT-¥ 2 250 3 122 05%  0.33[0.06,1.92] e — R
ORIENT 2 165 3 165 0.4% 0.67 [0.11, 3.94]
SORT OUT VIl 38 1261 33 1264 4.3% 1.15[0.73,1.83] I
TALENT 13 720 18 715 2.0% 0.86 [0.41,1.80] T
Subtotal (95% CI) 7949 8347 21.0% 1.03 [0.83, 1.27] ‘
Total events 162 174
Heterogeneity: Chi*= 568, df=9{P=077), F=0%
Test for averall effect: Z=0.24 (F =0.81)
1.3.5 At 5 years
BIOFLOW-I 5 298 4 154 0.7% 0.65[0.18, 2.37] —
BIOFLOW-1V 4 385 2 180 0.4% 0.99[0.18, 5.34] ——
BIOFLOW Y 21 984 g 450 1.4% 1.34 [0.60, 2.99] I a—
BIO-RESORT 33 1169 71 2345 6.2% 0.93[0.62, 1.40] T
BIOSCIENCE 81 1063 76 1056 10.0%  1.06[0.78,1.43] o
BIOSTEMI 32 6449 36 651 4.7% 0.89 [0.56, 1.42] T
DESSOLVE Il 5 119 2 59 0.3% 1.24[0.25, 6.20] —
PRISON Iv 5 165 7 165  0.9%  0.71[0.23, 2.20] .
SORT OUT VIl 46 1261 48 1264  6.3%  0.96(0.65, 1.43] T
Subtotal (95% CI) 5993 6334 30.8% 0.98[0.82, 1.17] <
Total events 232 254
Heterogeneity: Chi*=1.83, df=8 (P = 0.99), F= 0%
Test for averall effect: Z=0.20 (P = 0.84)
Total (95% CI) 38437 39578 100.0% 1.03[0.93, 1.13] 0
Total events kA a08

i (i = _ _ o ! \ \ .

Heterogeneity: Chi*= 29.01, df= 49 (P =0.99), F=0% oo 01 10 100

Test for averall effect: Z= 0.54 (P = 0.59)
Testfor subaroun differences: Chi*=1.01, df= 3 (P =0.80), F=0%

Fig. 4 Forest plot of cardiac death from 1 to 5 years follow-up

Favours Ultrathin-strut Favours Standard 2nd Gen
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Ultrathin-strut ~ Standard 2nd Gen Risk Ratio Risk Ratio

Study or Subgroup Events  Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 = 1year

BIODEGRADE 3 167 0 1160 0.1% 6.96[0.36, 134.55] *
BIOFLOW-II 8 298 4 154 0.5% 1.03[0.32, 3.38] O
BIOFLOWY-IV 13 372 3] 181 0.8% 1.05[0.41,2.73] I S—
BIOFLOW Y 39 831 35 424 47% 0.57 [0.37,0.89] —_—
EBIOFLOW-Y| 4 220 2 220 0.2% 2.00([0.37,10.81] —
BIONYX 18 1245 18 1243 1.8% 1.00[0.52, 1.91] I
EIO-RESORT 26 1169 56 2345 37% 0.93[0.59, 1.48] T
BIOSCIENCE 30 1063 3 1056 31% 0.96 [0.59, 1.58] —
BIOSTEMI 5 649 [ 651 0.6% 0.84[0.26,2.73] ——
CASTLE kil 722 28 718 28% 1.10[0.67,1.82]  —
DESSOLVE-C 1 216 1 212 01% 0.95[0.06, 15.59]

DESSOLVE Il 2 17 2 60 0.3% 0.51 [0.07, 3.55]

DESSOLVE Il 15 703 13 B35 1.3% 1.14[0.55, 2.39] [ a—
SORT QUT VI 12 1261 18 1264 1.8% 0.67 [0.32,1.38] e
TALENT 18 720 20 715 2.0% 0.89[0.48, 1.68] T
Yamaiji et al. 2018 (CARDIOBASE) 48 1451 51 1451 5.1% 0.94 [0.64, 1.39] —_r
Subtotal (95% CI) 12204 12549 29.0% 0.91[0.77, 1.07] ¢

Total events 273 291

Heterogeneity: Chi*=9.28, df=15 (P =0.86), F=0%

Testfor overall effect Z=117 (P=0.24)

1.4.2 = 2 years

BIOFLOWY-IV 14 385 7 190 0.9% 0.99 [0.41, 2.40] . E—
BIOFLOW Y 43 816 39 410 52% 0.55[0.37, 0.84] —
BIONYX 28 1245 34 1243 34% 0.82[0.50,1.39) T
BIO-RESORT 30 1169 68 2345 4.5% 0.88 [0.58, 1.35] T
EBIOSCIENCE 42 1063 46 1086 4.6% 0.91 [0.60, 1.37] T
BIOSTEMI 10 649 13 651 1.3% 0.77[0.34,1.79] .
DESSOLVE Il 2 120 2 60 0.3% 0.50 [0.07, 3.46]

DESSOLVE NIl 19 703 16 B35 1.6% 1.17 [0.61, 2.26] B
TALENT 21 720 27 e 27% 0.77 [0.44,1.35] T
Subtotal (95% CI) 6870 7365 24.7% 0.81[0.68, 0.97] L 2

Total events 209 252

Heterogeneity: Chi*=5.35, df=8{P=0.72); F=0%

Test for overall effect: Z=2.26 (P =0.02)

1.4.3 = Jyears

BIODEGRADE 5 1167 2 1160  0.2% 2.49[0.48,12.78] —
BIOFLOW-I 16 385 g 180 1.1% 0.99[0.43, 2.27] T
BIOFLOW Y 44 884 41 450 5.5% 0.55[0.36, 0.82] e
BIONYX 38 1245 39 1243 3.9% 0.97 [0.63,1.51] -
BIO-RESORT 35 1169 76 2345 51% 0.92[0.62,1.37] T
DESSOLVE NIl 22 703 17 693 1.7% 1.28[0.68, 2.39] e
TALENT 23 720 32 714 3.2% 0.71[0.42,1.21] T
Subtotal (95% CI) 6273 6796 20.7%  0.85[0.70, 1.03] L

Total events 183 214

Heterogeneity: Chi*=8.82, df=6(FP=0.18), "= 32%

Test for overall effect: Z=1.64 (P=0.10)

1.4.5 At 5 years

BIOFLOW-II 10 298 5 154 07% 1.03 [0.36, 2.97] I —
BIOFLOWY-IV 17 385 9 190 1.2% 0.93[0.42, 2.09) I —
BIOFLOW Y a6 884 45 450 6.0% 0.63 [0.44,0.92] —_—
EIO-RESORT a0 1169 94 2345 6.3% 1.07 [0.76, 1.49] T
BIOSCIENCE 62 1063 69 1056 7.0% 0.89 [0.64, 1.24] -
EBIOSTEMI 12 649 18 651 1.8% 0.67 [0.32,1.38] I
DESSOLVE Il 5 119 2 59 0.3% 1.24[0.25,6.20] ]

SORT QUT VI 39 1261 24 1264 2.4% 1.63[0.99, 2.69] —
Subtotal (95% CI) 5828 6169 25.6% 0.94[0.79, 1.11] <

Total events 251 266

Heterogeneity: Chi*=1047, df=7 (P=0.16), F=33%

Test for overall effect: Z=0.74 (P = 0.46)

Total (95% CI) 31175 32879 100.0% 0.88 [0.80, 0.96] []

Total events 916 1024

Heterogeneity: Chi*= 3543, df=39(P=063), F=0% ID m t 150 1DD=

Test for overall effect Z= 2.86 (P = 0.004)

0.1
Favours Ultrathin-strut Favours Standard 2nd Gen

Testfor subaroup differences: Chi*=1.57, df= 3 (P = 0.67), F=0%
Fig. 5 Forest plot of target vessel-related myocardial infarction (TVMI) from 1 to 5 years follow-up

second-generation DES, while there was no significant
difference between ultrathin-struts DES and standard
thickness second-generation DES at >1 year (RR: 0.91

with 95% CI [0.77, 1.07], P=0.24), at >3 years (RR: 0.85
with 95% CI [0.70, 1.03], P=0.10), and at 5 years (RR:
0.94 with 95% CI [0.79, 1.11], P=0.46) (Fig. 5).
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Target lesion revascularization (TLR)

Regarding the TLR, ultrathin-struts DES showed a lower
incidence of TLR at >1 year (RR: 0.79 with 95% CI [0.65,
0.96], P=0.02) and at >2 years (RR: 0.79 with 95% CI
[0.67, 0.94], P=0.009), compared to standard thickness
second-generation DES. However, there was no signifi-
cant difference between ultrathin-struts DES and stand-
ard thickness second-generation DES at >3 years (RR:
0.90 with 95% CI [0.70, 1.15], P=0.40) and at 5 years (RR:
0.98 with 95% CI [0.81, 1.17], P=0.81) (Fig. 6).

Secondary outcome

Target vessel revascularization (TVR)

The incidence of TVR was lower in ultrathin-struts
DES TVR at >1 year (RR: 0.87 with 95% CI [0.77, 0.98],
P=0.02), at >2 years (RR: 0.85 with 95% CI [0.76, 0.95],
P=0.005), and at >3 years (RR: 0.86 with 95% CI [0.76,
0.97], P=0.01) compared to standard thickness second-
generation DES. There was no significant difference
between ultrathin-struts DES and standard thickness
second-generation DES at 5 years (RR: 0.96 with 95% CI
[0.85, 1.08], P=0.51) (Fig. 7).

There were no significant differences between ultra-
thin-strut DES and standard thickness second-generation
DES regarding all-cause mortality (Fig. 8), patient-ori-
ented composite endpoint (POCE) (Figure S16), myocar-
dial infarction (MI) (Figure S18), repeat revascularization
(Figure S22), definite or probable stent thrombosis (ST)
(Figure S24), definite stent thrombosis (ST) (Figure S27),
probable stent thrombosis (ST) (Figure S29), and bleed-
ing (Figure S30) at 1 year, > 2 years, >3 years, and 5 years.

The details of primary and secondary outcome results
are presented in Table 4.

TLF subgroup analysis regarding ACS versus CCS
patients, there was no significant difference between
ultrathin-struts DES and standard thickness second-gen-
eration DES at 1 year, 2 years, 3 years, and 5 years follow-
up (P values for the subgroup analysis were 0.48, 0.97,
0.32, 0.63 consecutively) (Figures S31A-S31D).

More details about heterogeneity and sensitivity analy-
sis are provided in the supplementary material.

Discussion

In this systematic review and meta-analysis, which
included 103,101 patients from 21 studies with 1- to
5-year follow-ups, we compared the safety and efficacy of
ultrathin-struts DES to standard thickness second-gener-
ation DES, and we elucidated that

1. ultrathin struts have a lower incidence of TLF after
1, 2, and 3 years. Nevertheless, this benefit fades 5
years, with no noticeable difference.

Page 14 of 23

2. At 1 and 2 years, ultrathin-struts DES showed a con-
siderably decreased incidence of TLR compared to
standard thickness second-generation DES. However,
there is no significant difference in TLR between the
two types of stents after 3 and 5 years.

3. No significant difference was noted between the two
groups in terms of all secondary outcomes, except
for TVR. The occurrence of TVR was lower in the
ultrathin group during the initial 3-year period when
compared with the group using thicker DES; never-
theless, this discrepancy disappeared at 5 years.

Effect on outcomes components

One of the important components of the primary clinical
outcomes is the TLF, which includes restenosis, throm-
bosis, and revascularization in the treated artery.

In our study, an ultrathin stent was associated with
a lower incidence of TLF at 1, 2, 3 years, which could
represent an early advantage and may be related to the
short and intermediate-term effect of the ultrathin strut’s
stents. On the other hand, at 5 years, the difference in
TLF between the two types of stents was not noticeable,
raising concerns about the long-term durability.

The positive effect of ultrathin stent in reducing the
short and intermediate-term TLF may be attributable
to the stent design. Ultrathin-struts DES have a unique
design that differentiates them from the standard-
thickness second-generation DES. The ultrathin strut
design, measuring 60 um, outperforms existing stents
like XIENCE (81 um) (Abbott Vascular, Santa Clara,
CA) and RESOLUTE (91 pm) (Medtronic, Santa Rosa,
CA, USA) in terms of flexibility and deliverability. This
design reduces endothelial trauma, promoting excellent
endothelial coverage and decreasing perivascular inflam-
mation, resulting in a healthier vascular environment
[70]. The ultrathin-strut DES evaluated in this meta-anal-
ysis has a similar metallic stent platform strut thickness
and uses biodegradable polymers. They differ, however,
in some elements of DES design, such as stent platform
geometry, polymer composition, distribution or degrada-
tion time, and the kinetics of the antiproliferative medi-
cation delivered [12, 70]. Furthermore, characteristics
inherent in the design, such as stent conformability and
deliverability, can influence clinical outcomes in individ-
uals with acute coronary syndromes (ACS), which offer
a higher long-term sensitivity to stent-related adverse
events. This is principally due to an enhanced prothrom-
botic and inflammatory response following the insertion
of DES, leading to a delay in the healing process in the
artery region where the stent is present [71]. Further-
more, the ultrathin design reduces side branch cover-
age even further, especially in vessels less than 3 mm in
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Ultrathin-strut ~ Standard 2nd Gen Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% CI
1.6.1 = 1year
BIODEGRADE 10 1167 18 1160 1.3% 0.55(0.26,1.19] —
BIOFLOW-II 11 298 g 154 1.0% 0.71[0.29,1.73] I
BIOFLOW-IV 6 372 1 181 0.2% 2.92[0.35,24.07]
BIOFLOW Y 17 832 10 422 1.3% 0.86 [0.40,1.87] T
EIOFLOW-VI o 220 1 220 0.1% 0.33[0.01,8.14]
BIONYX 24 1245 31 1243 2.1% 0.77 [0.46,1.31] 71
EIO-RESORT 18 1169 34 2345 2.0% 1.06 [0.60,1.87]  —
BIOSCIENCE 41 1063 32 1056 2.5% 1.27[0.81, 2.00] T
BIOSTEMI 11 649 19 651 1.4% 0.58[0.28,1.21] 1
Buccheti etal. 2021 (SCAAR) 40 4561 974 69570 3.4% 0.63 [0.46, 0.86] e
CASTLE 6 722 10 718 0.8% 0.60[0.22,1.63] —— —
DESSOLVE Nl 2 17 2 60 0.3% 0.51 [0.07, 3.55] e S B
DESSOLVE I 23 703 28 695 21% 0.81[0.47,1.40] /T
meriT-¥ 4 168 2 g4 0.3% 1.00[0.19, 5.359] I
ORIENT 3 250 3 122 0.4% 0.49[0.10,2.38] — 1
PRISON IV 16 165 6 165 1.0% 2.67 [1.07,6.69]
SORT OUT IX 20 1579 54 1672 2.2% 0.36 [0.22, 0.60] —_—
SORT QUT VI 25 1261 37 1264 23% 0.68(0.41,1.12] I
TALENT 25 720 3o 718 2.2% 0.83[0.49,1.39] T
Yamaji et al. 2018 (CARDIOBASE) 40 1451 36 1451 2.6% 1.11[0.71,1.73] 1
Subtotal (95% CI) 18712 83848 29.3% 0.79 [0.65, 0.96] L 2
Total events 342 1337
Heterogeneity: Tau®= 0.06; Chi*= 30,22, df= 19 (P = 0.05); F= 37%
Test for overall effect: Z= 2.40 (P = 0.02)
1.6.2 = 2years
BIOFLOW-IV 19 385 3 190 0.6% 3.13[0.94,10.43] 1
BIOFLOW Y 21 816 20 407 1.8% 0.52[0.29, 0.99] |
BIONY 41 1245 48 1243 2.8% 0.85[0.57,1.29] aa
EIO-RESORT 25 1169 61 2345 2.5% 0.82[0.52,1.30 e
EIOSCIENCE 64 1063 58 1056 3.2% 1.10[0.78, 1.55] T
EIOSTEMI 18 649 34 651 2.0% 0.53[0.30, 0.93] —_—
Buccheri et al. 2021 (SCAAR) 69 4561 1538 69570  4.0% 0.68 [0.54, 0.87] -
DESSOLVE Nl 2 120 1 60 0.2% 1.00[0.09,10.81]
DESSOLVE I 35 703 41 695 2.6% 0.84[0.54,1.31] T
meriT-¥ 10 168 3 a4 0.6% 1.67 [0.47, 5.90] —
ORIENT g 250 ] 122 0.8% 0.65(0.23,1.83] —
SORT OUT IX 41 1579 a0 1572 3.0% 0.51[0.35,0.74] -
SORT OUT VI 46 1261 57 1264 3.0% 0.81[0.55,1.18] e
TALENT 43 720 40 715 2.7% 1.07[0.70,1.62] —t
Subtotal (95% Cl) 14689 79974  29.7% 0.79[0.67, 0.94] *
Total events 442 1990
Heterogeneity: Tau®= 0.04; Chi*= 22.64, df=13 (P = 0.05), F= 43%
Test for overall effect: Z= 2.62 (F = 0.009)
1.6.3 = 3years
EIODEGRADE 18 1167 33 1160 1.9% 0.54 [0.31, 0.96] —
BIOFLOW-IV 25 385 3 190 0.6% 4.11[1.26,13.45]
BIOFLOW Y 27 884 28 450 2.2% 0.49[0.29, 0.82] I—
BIONYX 55 1245 a7 1243 3% 0.96 [0.67,1.38] -
BEIO-RESORT 33 1169 a0 2345 2.8% 0.83[0.56,1.23] T
DESSOLVE I 41 703 49 693 2.8% 0.82[0.55,1.23] e n
ORIENT 9 250 ] 122 0.8% 0.731[0.27, 2.01] —
PRISON IV 19 165 7 165 1.1% 271 [117,6.29]
SORT QUT VI 66 1261 74 1264 3.4% 0.89[0.65,1.23] -1
TALENT 44 720 44 715 2.8% 0.99 [0.66, 1.49] -1
Subtotal (95% CI) 7949 8347 21.6% 0.90[0.70, 1.15] L 3
Total events 337 3
Heterageneity: Tau®= 0.09; Chi*= 2210, df=9 (P = 0.009); F= 59%
Test for overall effect: Z=0.83 (P = 0.40)
1.6.5 At 5 years
BIOFLOW-II 18 298 10 154 1.3% 0.93[0.44,1.97] .
BIOFLOW-IV 15 385 3 190 0.6% 247[0.72,8.42] -
BIOFLOW Y 43 884 32 450 26% 0.76 [0.50,1.18] T
BIO-RESORT 55 1169 112 2345 3.4% 0.99[0.72,1.35] -1
EIOSCIENCE 110 1063 106 1056 3.9% 1.03[0.80,1.33] 1T
BIOSTEMI 27 649 44 651 2.4% 0.62[0.39, 0.98] B
DESSOLVE Nl 4 119 2 59 0.3% 0.99[0.19, 5.26] ]
PRISON IV 23 165 13 165 1.6% 1.77[0.93,3.37] T
SORT OUT VIl 60 1261 57 1264 31% 1.06[0.74,1.50] -1
Subtotal (95% CI) 5993 6334 19.4% 0.98[0.81, 1.17] <
Total events 360 379
Heterageneity: Tau®*= 0.02; Chi*=10.83,df=8 (P =0.21), F= 26%
Test for overall effect: Z=0.24 (P =0.81)
Total (95% CI) 47343 178503 100.0% 0.85[0.77,0.94] ¢+
Total events 1481 4087
Heterogeneity: Tau®= 0.05; Chi*= 93.15, df = 52 (P = 0.0004); F= 44% :n o 0:1 1’0 100:

Testfor overall effect: Z=3.25 (P = 0.001)
Test for subagroun differences: Chi*= 3.63, df=3 (P =0.30), F=17.4%

Fig. 6 Forest plot of target lesion revascularization (TLR) from 1 to 5 years follow-up

Favour.s Ultrathin-strut  Favours Standard 2nd Gen
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Ultrathin-strut ~ Standard 2nd Gen Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.7.1 = 1year
BIODEGRADE 23 1167 27 1160 1.2%  0.85[0.49,1.47] T
BIOFLOW-II 22 258 13 154 0.8% 0.87 [0.45, 1.69] I
BIOFLOW-IV 12 372 5 181 0.3%  1.17[0.42,3.26] I R—
BIOFLOW Y 27 833 15 422 09%  0.91[0.49,1.70] I —
EIOFLOW-VI 1) 220 4 220 0.2% 0.11[0.01,2.05] 4
BIONYX 38 1245 39 1243 1.8%  0.97[0.63,1.51] o
BIO-RESORT 26 1169 53 2345  16%  0.98[0.62,1.57] b
EIOSCIENCE 53 1063 38 1056 1.7% 1.39[0.92, 2.08] e
BIOSTEMI 13 649 25 651  1.1%  0.52[0.27,1.01]
CASTLE 14 722 20 718 09%  0.70(0.35,1.37) I
DESSOLVE Il 2 17 2 1] 0.1% 0.51 [0.07, 3.55] —
DESSOLVE Il 32 703 40 695  1.8%  0.79([0.50,1.24] T
meriT-¥ 0 168 0 84 Mot estimahble
ORIENT 7 250 4 122 0.2% 0.85 [0.25, 2.86] I E—
FPRISON IV 1) 165 3 165 0.2% 0.141[0.01,2.74] #
SORT OUT IX 56 1579 76 1672 35%  0.73[0.52,1.03] 7
SORT OUT VI 52 1261 66 1264  3.0%  0.79[0.551.13] -
TALENT 29 720 38 714 1.7% 0.76 [0.47,1.22] —
Yamaji et al. 2018 (CARDIOBASE) 68 1451 66 1451 3.0%  1.03[0.74,1.43] -
Subtotal (95% CI) 14152 14278 24.2%  0.87[0.77,0.98] 4
Total events 474 534
Heterogeneity: Chi*= 15.00, df= 17 (P = 0.60);, F= 0%
Testfor overall effect: Z=2.29 (P =0.02)
1.7.2 = 2 years
BIOFLOW- IV 18 385 1" 180 0.7% 0.81[0.39, 1.68] T
BIOFLOW Y 36 816 3 409 1.9%  0.58(0.37,0493] -
BIONYX 57 1245 66 1243 3.0%  0.86(0.61,1.22] e
EIO-RESORT 43 1169 95 2345 2.9% 0.91 [0.64,1.29] -
BIOSCIENCE 81 1063 75 1056  3.4%  1.07[0.79,1.45] -
BIOSTEMI 22 649 41 651 1.9%  0.54[0.32,089 n—
DESSOLVE Il 2 120 ] 60 0.3% 0.20[0.04,1.00]
DESSOLVE Il 47 703 58 6395 2.7%  0.80[0.55 1.16] -
meriT-¥ 4 168 2 84 01%  1.00[0.19,5.35)
ORIENT 11 250 7 122 0.4% 0.77[0.30,1.93] e
SORT OUT IX 91 1579 104 1572 47%  0.87[0.66,1.14] -
SORT QUT VI 79 1261 94 1264  43%  0.84(0.63,1.12] -™T
TALENT 52 720 49 714 2.2% 1.0581[0.72,1.54] -1
Subtotal (95% CI) 10128 10406 28.5% 0.85[0.76, 0.95] [ ]
Total events 543 638
Heterogeneity: Chi*= 1268, df=12 (P = 0.39); F= 5%
Testfor overall effect: Z= 2.83 (P = 0.005)
1.7.3 = 3years
BIODEGRADE 32 1167 49 1160 2.2%  0.65(0.42,1.01] B
BIOFLOW-IV 29 385 12 190 0.7%  1.19[0.62, 2.29] I
BIOFLOW Y 45 284 42 450 2.5% 0.55[0.36, 0.82] -
BIONYX 75 1245 84 1243 38%  0.89(0.66,1.20] -1
BIO-RESORT 56 1169 125 2345  38%  0.80[0.66,1.22] -1
DESSOLVE Il 59 703 69 693 3.2% 0.84 [0.61,1.17] T
ORIENT 15 250 7 122 04%  1.05(0.44,2.50] — T
PRISON IV 2 165 4 165  0.2%  0.50(0.09, 2.69] —
SORT OUT VIl 107 1261 114 1264 5.2% 0.94 [0.73,1.21] -
TALENT 56 720 57 715 26%  0.98(0.68,1.39] —_
Subtotal (95% CI) 7949 8347 24.7% 0.86 [0.76, 0.97] ¢
Total events 476 663
Heterogeneity: Chi*=9.13, df=9{P=043);F=1%
Testfor overall effect: Z= 2.54 (P=0.01)
1.7.5 At 5 years
BIOFLOW-II 36 298 15 164 0.9%  1.24[0.70,2.19) -1
BIOFLOW-IV 35 385 13 180 0.8%  1.33[0.72,2.49] I
BIOFLOWY Y 78 884 51 450 31% 0.78[0.56, 1.09] 7
BEIO-RESORT 91 1169 180 2345 5.5% 1.01[0.80, 1.29] -1
BIOSCIENCE 130 1063 132 1086  6.0%  0.88[0.78,1.23] -
BIOSTEMI 33 649 52 651  24%  0.64[0.42 0497 —
DESSOLVE Il 6 119 ] 59 0.4% 0.501[017,1.47] —
SORT OUT VIl 90 1261 81 1264 37% 1.11[0.83, 1.49] -
Subtotal (95% CI) 5828 6169 22.7%  0.96 [0.85, 1.08] L
Total events 499 530
Heterogeneity: Chi*= 8.65, df=7 (P=0.21); F= 27%
Testfor overall effect: Z= 0.65 (P = 0.51)
Total (95% CI) 38057 39200 100.0% 0.88 [0.83, 0.93] 4
Total events 1992 2265
Heterogeneity: Chi*= 48,97, df= 48 (P = 0.43), F= 2% oo o1 10 100

Testfor averall effect: Z=4.20 (P < 0.0001)
Testfor subgroup differences: Chi*= 2.68, df=3 (P = 0.44), F=0%

Fig. 7 Forest plot of target vessel revascularization (TVR) from 1 to 5 years follow-up
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Ultrathin-strut ~ Standard 2nd Gen Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 = 1year
BIODEGRADE 24 1167 26 1160 09%  0.92[0.53, 1.59] T
EBIOFLOW-II 3 298 1 154 0.0% 1.55[0.16,14.78]
BIOFLOW-IV B 372 4 181 0.2% 0.73[0.21, 2.55] —
BIOFLOW Y 7 837 G 428 0.3% 0.60[0.20,1.76] —
EIOFLOW-VI 2 220 a 220 0.0% 5.00[0.24,103.55] »
BIONYX 26 1245 20 1243 0.7% 1.30[0.73,2.31] e —
BEIO-RESORT 19 1169 39 2345 0.9% 0.98 [0.57, 1.68] 1
BIOSCIENCE 34 1063 27 1056 1.0% 1.25[0.76, 2.06] T
BIOSTEMI 24 649 22 651 0.8% 1.08[0.62,1.93] —
BEuccheti etal. 2021 (SCAAR) 339 4561 5197 69570 22.9% 0.99[0.90,1.11] b
CASTLE 16 722 15 718 0.5% 1.06[0.53, 2.13] T
DESSOLVE-C 1 216 5 212 0.2% 0.20[0.02,1.67]
DESSOLVE Nl 2 17 2 60 0.1% 0.51[0.07, 3.59] S
DESSOLVE Il 25 703 18 695 0.6% 1.37 [0.76, 2.49] -
meriT-¥ 1 168 ] g4 0.0% 1.51 [0.06, 36.65]
ORIENT 4 250 1 122 00% 1.95(0.22,17.28)
FRISOM IV 1 165 3 165 0.1% 0.33[0.04,3.17]
SORT OUT IX 43 1579 kil 1672 1.1% 1.38[0.87,2.19] T
SORT OUT VIl 38 1261 28 1264 1.0% 1.36[0.84, 2.20 T
TALENT 14 720 4 715 0.1% 3.48[1.1510.51]
Yamaji et al. 2018 (CARDIOBASE) 55 1451 78 1451 2.7% 0.73[0.52,1.03] ]
Subtotal (95% CI) 18933 84066 34.3% 1.02[0.94, 1.11] 4
Total events 624 5524

Heterogeneity: Chi*= 20,63, df= 20 (P = 0.42); F= 3%
Testfor overall effect: Z = 0.48 (P = 0.63)

1.2.2 = 2 years

BIOFLOW-IV 11 385 5§ 190 0.2% 1.09[0.38, 3.08] —_— T
BIOFLOW Y 16 828 ] 414 0.4% 0.89[0.40, 1.99] I —
BIONY 47 1245 35 1243 1.3% 1.34[0.87, 2.06] T
BIO-RESORT 30 1169 73 2345  1.7%  0.82[0.54,1.29) i
EIOSCIENCE 62 1063 42 1056 1.5% 1.47 [1.00,2.15] —
BIOSTEMI 27 649 25 651 0.9% 1.08 [0.64, 1.85) I
Buccheri etal. 2021 (SCAAR) 339 4561 5197 69570 22.9% 0.99[0.90,1.11] b
DESSOLVE Nl 3 120 1 60 0.0% 1.50[0.16,14.12]

DESSOLVE IIl 38 703 28 695  1.0%  1.34(0.83,2.16) T
metiT-¥ 2 168 0 g4 0.0% 2.51[0.12,51.80]

ORIENT 5 250 3 122 0.1% 0.81[0.20, 3.35] —
SORT OUT IX 68 1579 64 1872 2.3% 1.06[0.76,1.48] T
SORT OUT VIl 60 1261 45 1264 1.6% 1.34[0.92,1.99] e
TALENT 18 720 21 715 0.8% 0.85[0.46, 1.58] 1
Subtotal (95% CI) 14701 79981 34.8% 1.05 [0.96, 1.14] ’

Total events 726 5548

Heterogeneity: Chi*=10.18, df= 13 (P = 0.68); I*= 0%
Test for overall effect: Z=1.09 (P = 0.27)

1.2.3 = 3years

BIODEGRADE 44 1167 51 1160 1.8% 0.86[0.58,1.27] -
BIOFLOW-IV 15 385 11 190 0.5% 0.67[0.32,1.44)] I
BIOFLOW Y 26 884 17 450 0.8% 0.781[0.43,1.42] T
BIONYX 67 1245 45 1243 1.6% 1.49[1.03, 2.15] —
EIO-RESORT 53 1169 109 2345 26% 0.98[0.71,1.34] -1
DESSOLVE Il 55 703 49 693 1.8% 1.11 [0.76, 1.60]
ORIENT 9 250 4 122 0.2% 1.101[0.34, 3.49) I —
PRISON IV 4 165 8 165  03%  0.50(0.15,1.63] I —
SORT OUT VI 88 1261 74 1264 2.6% 1.19[0.88, 1.61] T
TALENT 30 720 34 75 1.2%  0.88(0.54,1.42) b
Subtotal (95% CI) 7949 8347 13.5% 1.04[0.91, 1.19] L]
Total events 391 402

Heterogeneity: Chi*=9.70, df=9 (P=0.38); F=7%

Test for overall effect: Z= 0.55 (P = 0.58)

1.2.5 At 5 years

BIOFLOW-II 14 298 14 154 0.7% 0.52[0.25, 1.06]

BIOFLOW- 1V 21 385 15 180 0.7% 0.69 [0.36, 1.31] T
BIOFLOW Y 56 884 27 450 1.3% 1.06 [0.68, 1.65] I
EIO-RESORT 92 1169 191 2345 4.5% 0.97 [0.76,1.23] -
BIOSCIENCE 139 1063 105 1056 3.8% 1.32[1.04,1.67] ™
EIOSTEMI 46 649 46 651 1.6% 1.00[0.68, 1.49] -1
DESSOLVE Il 1 119 [ 59 0.3%  0.91(0.35 2.34] . E—
SORT OUT VIl 120 1261 127 1264 4.5% 0.85[0.75,1.20] -
Subtotal (95% CI) 5828 6169 17.4% 1.02 [0.90, 1.15] [
Total events 4499 531

Heterageneity: Chi*=9.92 df=7 (P=0.19), F=29%

Test for overall effect: Z=0.28 (P=0.78)

Total (95% CI) 47411 178563 100.0% 1.03 [0.98, 1.09]

Total events 2300 12005

Heterogeneity: Chi*= 50.69, df= 52 (P = 0.53); IF= 0% lﬂ I 011 1=u 100:

Testfor overall effect: Z=1.25 (P =0.21)
Test for subagroun differences: Chi*= 0.25, df=3 (P = 0.97), F=0%

Fig. 8 Forest plot of all-cause mortality from 1 to 5 years follow-up
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diameter, minimizing the risk of periprocedural myocar-
dial infarction and, as a result, the incidence of TVMI
[71].

The lack of a significant difference in all-cause mor-
tality or even cardiac death between ultrathin DES and
standard-thickness DES could be attributed to other
contributing factors than the stent design, such as clini-
cal, anatomical, and local pathophysiological lesion
characteristics.

The findings of this study are consistent with previous
research [13, 71, 72], showing that even minor changes in
strut thickness, ranging from 20 to 30 mm, may be suffi-
cient to produce unique stent-related outcomes in newer-
generation DES in routine clinical settings. Our study’s
effect on TLF aligns with the results of previously pub-
lished meta-analyses [14, 72—74] except for Li et al., 2023
which showed no difference, and a smaller sample size
can explain this. Our study is the first meta-analysis to
compare the two groups regarding POCE and reported
revascularization, and it showed no statistically sig-
nificant difference between the two groups. Our results
align with the previous meta-analyses [14, 72-74], which
showed no statistically significant difference in all-cause
mortality, cardiac mortality, and definite or probable ST
outcomes.

The lower TLR in our study is contrary to the study by
Madhavan [72], Monjur [73], Iglesias [74], and Li [75]
results and in line with Hussain [14] which showed a sig-
nificant reduction in TLR (RR, 0.85; 95% CI 0.72—-1.00;
P=0.04) at 2 years.

Notably, while ultrathin-strut stents showed promising
effects in the short term, their benefits may not be con-
sistent over a more extended time. In our meta-analysis,
there was no significant different in terms of TLF when
we compared the two groups at >5 years. These findings
might have a substantial implication on stent selection
in clinical practice, particularly in patients at high risk of
late and very late stent failure and requires more clinical
trials to evaluate the long-term effect of ultrathin stent
struts.

Study limitations

This study has some limitations that affect the appli-
cability of the study’s conclusions. The absence of spe-
cific patient data from the chosen trials limits the use of
advanced statistical techniques, including multivariable
and subgroup analyses, which hinders the investigation
of variations in the initial characteristics between groups
of patients receiving DES. Despite these drawbacks, the
research offers insightful information about the state of
research on ACS. The open-label design of the included
studies presents possible confounders. This absence of
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blinding could introduce a potential source of bias by
influencing intravascular imaging guiding and vessel
preparation techniques between DES treatment groups.
Also, the meta-analysis design has some intrinsic limita-
tions, such as the reliance on aggregate study-level data,
which limits the comparison depth compared to patient-
level data. Patient-level analysis could enhance subgroup
detection, providing a more nuanced understanding of
the study outcomes. The SCAAR registry contributed to
the large sample size of our study. This registry collected
clinical data and procedural characteristics of all consec-
utive patients undergoing cardiac catheterization in Swe-
den, which may have influenced our overall results.

Conclusion

This meta-analysis showed the non-inferiority of
ultrathin stent DES compared to standardized thick-
ness DES regarding clinical outcomes such as all-cause
mortality, cardiac mortality, MI, and probable or defi-
nite stent thrombosis. Additionally, ultrathin stent DES
appears superior to the control group regarding TLF in
short-term outcomes extending up to 3 years from PCI.

Abbreviations
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CcCcs Chronic coronary syndrome

DES Drug-eluting stents

M Myocardial infarction

pCl Percutaneous coronary intervention
POCE  Patient-oriented composite endpoint
RCTs  Randomized controlled trials

ST Stent thrombosis

TLF Target lesion failure

TLR Target lesion revascularization

TVR Target vessel revascularization
TVMI  Target vessel myocardial infarction
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