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Abstract

Background: This study evaluated the safety and efficacy of Bio-

Mime sirolimus-eluting stent (SES) system, with an ultra-low strut 
thickness (65 µm), in real-world all-comers population with coronary 
artery stenosis (CAD).

Methods: This was a post-marketing, multicenter, single-arm, obser-
vational clinical registry among patients undergoing intervention for 
CAD. Patients were clinically followed up at 1, 9, 12, and 24 months 
after the index percutaneous coronary intervention. Four major indi-
cations, namely long stents of > 30 mm, stents with diameters of 4 
and 4.5 mm, bifurcation subgroup, and chronic total occlusion (CTO) 
were evaluated as pre-specified subsets.

Results: A total of 771 patients (1,079 treated lesions) from 23 sites 
were included in this study. The mean length and diameter of the 
implanted stents were 25.57 ± 9.35 mm and 3.00 ± 0.44 mm, respec-
tively. The mean minimum lumen diameter before and after the pro-
cedure was 1.00 ± 1.69 mm and 2.96 ± 1.35 mm, respectively. The 
cumulative rates of major adverse cardiovascular events (MACEs) 
and stent thrombosis (ST) at 1, 9, 12, and 24 months were 1.05%, 
3.13%, 4.04%, 5.64% and 0%, 0.13%, 0.28%, 0.28%, respectively. 
In a subset with > 30 mm long stents, the cumulative rate of MACEs 
was 0.4%, 4.6%, 5.12%, and 7.01% at 1, 9, 12, and 24 months, re-
spectively. The corresponding rates of ST were 0%, 0.42%, 0.43%, 
and 0.44%, indicating constant rate of ST after 9 months. In a subset 
of 4 and 4.5 mm diameter stents, the cumulative rate of MACEs was 
high (0%, 6.25%, 6.25%, and 10.41%) at 1, 9, 12, and 24 months, 
respectively. However, there was no case of ST until 24 months. In 
patients with bifurcation lesions, the cumulative rates of MACEs and 
ST were 2.46%, 6.32%, 11.53%, 16.21% and 0%, 1.27%, 1.28%, 
1.35% at 1, 9, 12, and 24 months follow-up. In patients with chronic 
total occlusion, the cumulative rates of MACEs and ST were 0.79%, 
5.04%, 6.83%, 7.07% and 0%, 0.84%, 0.85%, 0.88% at 1, 9, 12, 
and 24 months, respectively, indicating constant rate of ST after 9 
months.

Conclusions: The BioMime SES demonstrated good safety and effi-
cacy outcomes at 24-month follow-up, with low rates of MACEs and 
ST in patients with CAD in the real-world setting.
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Introduction

Drug-eluting stent (DES) implantation is a well-established 
and widely accepted treatment for coronary artery disease 
(CAD) [1]. Nevertheless, despite technological advances, it is 
associated with a small but significant risk of stent thrombosis 
(ST) and in-stent restenosis (ISR) [1]. ST is associated with 
high mortality and morbidity [2], while ISR (diameter stenosis 
> 50% within the stented segment) remains the most common 
cause of stent failure, accounting for 10-20% of all percutane-
ous coronary intervention (PCI) procedures [3]. The newer-
generation DESs aim to address the limitations observed in the 
earlier-generation DESs, focusing on all three components: the 
stent backbone, the anti-proliferative agent, and the drug car-
rier [1]. The first-generation DES was designed using stain-
less steel platforms (iron, nickel, and chromium) with a strut 
thickness of 130 - 150 µm. In contrast, the newer-generation 
DES employs cobalt chromium (CoCr) and platinum chromi-
um (PtCr), to achieve thinner struts (< 100 µm) that reduce 
shear stress, promote faster and complete endothelial strut 
coverage, and maintain adequate radial strength [4]. Notably, 
thinner struts are associated with lower inflammation at the 
stented arterial segment, reduced thrombogenicity, less neoin-
timal hyperplasia, and a lower risk of clinically-driven target 
lesion revascularization (TLR) and target vessel revasculariza-
tion (TVR) [5].

The sirolimus-eluting stents (SESs) have consistently 
shown superior anti-restenotic efficacy over paclitaxel-eluting 
stents in the first-generation DESs. As a result, the newer-gen-
eration DESs predominantly use the -limus family of drugs 
[1, 6]. To minimize the inflammatory responses triggered by 
the persistence of polymer coating after drug release, contem-
porary DESs use biocompatible durable fluorinated or biode-
gradable polymers (made of lactic or glycolic acids) that fully 
resorb through hydrolysis after the drug is released [7].

The BioMime SES utilizes the NexGen™ CoCr coronary 
stent system to minimize intra-arterial injury, with an ultra-low 
strut thickness (65 µm), that maintains radial strength across 
all dimensions. Its hybrid cell design structure (open cell con-
figurations in the center and closed cells at the edges) ensures 
minimal edge injury and complete wall apposition. Addition-
ally, the stent delivery system minimizes arterial injury ow-
ing to carefully constructed semi-compliant rapid exchange 
balloon catheter shoulders. The drug employed is sirolimus, 
which is an ideal choice considering its action on the common 
final pathway of cell division cycle without exceptional risk 
of necrosis induction. The stent’s thin 2 µm stable coating uti-
lizes non-inflammatory biodegradable polymers, namely poly-
L-lactic acid (PLLA) and poly lactic-co-glycolic acid (PLGA) 
[8, 9].

While pre-clinical and clinical studies have demonstrated 
the safety and efficacy of BioMime SES [10-13], post-market-
ing surveillance remains essential to evaluate its “real-world” 
clinical performance in interventional clinical practice. There-
fore, we conducted this study to assess the safety and efficacy 
of the BioMime SES system in real-world all-comers popula-
tion with coronary artery stenosis seen in routine clinical prac-
tice.

Materials and Methods

Study design and patient population

The MILES Global Registry is a post-marketing, multicenter, 
single-arm, observational clinical registry in real-world all-
comers population with coronary artery stenosis across 23 
sites worldwide. The key inclusion criteria were males and 
females aged > 18 years, ability and willingness to provide 
voluntary written informed consent to participate in this clini-
cal investigation. PCI and implantation of BioMime DES were 
performed as a part of treatment of CAD, without any further 
indication for emergent coronary artery bypass graft (CABG) 
surgery. The key exclusion criteria were: ineligibility for a PCI 
or need for urgent/planned elective CABG; use of stents other 
than BioMime; history of internal bleeding, planned surgery 
or any similar reason that restricted administration of dual an-
tiplatelet therapy; > grade III renal insufficiency (creatinine > 
160 µmol/L); unprotected left main artery lesion; life expec-
tancy < 2 years. The detailed eligibility criteria are given in 
Supplementary Material 1 (cr.elmerpub.com).

The study was approved by the local ethics committee of 
all the participating centers and was performed per the princi-
ples stated in the Declaration of Helsinki.

The study’s design considered four major complex indica-
tions, namely long stents of > 30 mm, stents with diameters of 
4 and 4.5 mm, bifurcation subgroup, and chronic total occlu-
sion (CTO) were evaluated as pre-specified subsets. The sub-
set assessment was performed based on the number of patients 
in each subgroup. Notably, lesion coverage with a single stent 
was encouraged where possible including in patients with long 
lesions (> 30 mm). When two or more adjacent stents were re-
quired, care was taken to achieve a 1 - 2 mm overlap and avoid 
short gaps between stents. Post-dilatation was strongly encour-
aged, ensuring that the post-dilatation balloon remained within 
the stented segment. In bifurcation lesions, single or two stent 
strategies were allowed at the operator’s discretion. If two st-
ents were used, both had to be BioMime SESs. The CTO sub-
group was considered for analysis if at least 10 patients (5% of 
the overall population) were available. Patients were clinically 
followed up at 1, 9, 12, and 24 months after the index PCI.

Study endpoints

The primary efficacy endpoint was rate of target vessel failure 
(TVF) at 9 months. It was defined as frequency of hierarchi-
cal, cumulative composite of cardiac death, myocardial infarc-
tion (MI) not clearly attributed to any other vessel, and TVR at 
9 months. The primary safety endpoint was rate of sub-acute 
definite or probable ST as defined by the Academic Research 
Consortium (ARC) while on dual antiplatelet therapy.

Secondary endpoints included cumulative TVF at 1, 9, 12, 
and 24 months, TLR at 1, 9, 12, and 24 months, and major 
adverse cardiovascular events (MACEs) at 1, 9, 12, and 24 
months. MACE was defined as an event of cardiac death, MI, 
or TVR. ST was defined as thrombosis within the stent area 
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and 5 mm margin on either side from the edges of the stent. 
Frequency of ST was evaluated as acute (0 - 48 h after stent 
implant), late (1 month to 1 year after stent implant), and very 
late (beyond 1 year after stent implant) according to the ARC 
definitions: definite, probable, and possible, at all follow-up 
visits.

Procedure and post-PCI therapy

The patients were treated for CAD as per the standard guide-
lines and practice [14]. Only patients who received BioMime 
SESs, as indicated, were considered for recruitment. Pre-dila-
tation and post-dilation were optional and was at the discretion 
of the operator. The choice of vascular access for PCI (e.g., 
femoral or radial) was left to the operator’s judgment. A mini-
mum of 1 year of dual antiplatelet therapy (aspirin and P2Y12 
blocker) with indefinite aspirin or P2Y12 monotherapy was 
recommended. Electrocardiogram (ECG) and cardiac enzymes 
were evaluated post-procedure. Adverse events were recorded 
from randomization until the last subject’s last study visit or 
follow-up.

Sample size calculation

To estimate the sample size, the performance goal was deter-
mined by meta-analysis of the real-world registries: e-Cypher, 
Endeavour V, Spirit V, e-BioMatrix, Xience Prime Registry, 
etc. The performance goal was taken as comparator p that was 
9.2% (0.092) of TVF at 9 months. For a proportion-based cal-
culation by one-sample t-test on Minitab software, we tested 
a sample size of 120 for the desired confidence interval. The 
new comb-Wilson method yielded a 95% confidence interval 
between 92% and 90% (mean difference 0.019) with 98% 
power (β = 0.1). Hence, at a confidence interval of 95% (α 
= 0.05) and power of 98%, the minimum survey sample size 
required was 120.

Statistical analysis

Statistical analysis was performed using SAS 9.1 or higher 
version. An independent statistician performed the calcula-
tions. The primary dataset was analyzed according to the as-
treated population, including all enrolled patients. Significance 
tests were performed by comparison of the performance goal 
value (TVF: 9.2%, MACE: 12.5%, TLR: 8.4%, deaths: 1.1% 
and MI: 3.0%) with the outcome using suitable significance 
tests: t-test or analysis of variance (ANOVA) and z-test as 
applicable. Safety analysis included all enrolled population. 
All drop-outs and patients lost to follow-up were excluded 
from the safety analysis. Efficacy evaluation was performed 
for qualifying subjects. All subjects lost to follow-up after 9 
months were included for efficacy evaluation based on the last 
observation carried forward (LOCF) data. For continuous data, 
the descriptive statistics were used to present data as number 
of observations, mean, standard deviation (SD), median, mini-

mum and maximum (min.-max.) values, while frequency data 
were presented as numbers and percentages.

Results

Overall, 771 patients were enrolled in the study between April 
2014 and March 2021. A detailed patient disposition is given 
in Figure 1. The mean age of patients was 64.15 ± 10.95 years, 
and 74.71% were male. Of the total patients, 760, 733, 717, 
and 691 completed the 1, 9, 12, and 24 months follow-up, 
respectively. There were two withdrawals, 14 deaths, and 78 
patients lost to follow-up within 24 months. The baseline de-
mographics and clinical characteristics of patients are shown 
in Table 1.

The total number of lesions treated was 1,079. Most pa-
tients had single vessel disease (64.37%), with the left anterior 
descending (LAD) (42.45%) and right coronary artery (RCA) 
(28.64%) being the most common vessels involved. Almost all 
patients had de novo stenosis. The detailed lesion characteris-
tics are shown in Table 2.

The mean length and diameter of the implanted stents were 
25.57 ± 9.35 mm and 3.00 ± 0.44 mm, respectively. The mean 
minimum lumen diameter before the procedure was 1.0 ± 1.69 
mm, which increased to 2.96 ± 1.35 mm after the procedure. 
The percent of vessel diameter stenosis before the procedure 
was 83.93 ± 12.84, which decreased to 4.22 ± 11.50 after the 
procedure. The detailed procedural characteristics are shown 
in Table 3.

The cumulative 24-month outcomes are presented in Ta-
ble 4. The cumulative rates of MACEs were 1.05%, 3.13%, 
4.04%, and 5.64% at 1, 9, 12, and 24 months, respectively. 
The corresponding rates of ST were 0%, 0.13%, 0.28%, and 
0.28%, respectively.

Outcomes of pre-defined subgroups

Subset 1: subjects who required stents of length > 30 mm

Almost one-third of subjects (32.8%) required stents of length 
> 30 mm. This subset had a high proportion of patients with 
diabetes (32%), dyslipidemia (51.38%), and hypertension 
(67.59%) compared to other subsets (Table 1). Detailed lesion 
and procedural characteristics are shown in Tables 2 and 3, 
respectively. The cumulative 24-month outcomes are shown 
in Table 5. The cumulative rates of MACEs were 0.4%, 4.6%, 
5.12%, and 7.01% at 1, 9, 12, and 24 months, respectively. 
The corresponding rates of ST were 0%, 0.42%, 0.43%, and 
0.44%, respectively, indicating the rate of ST was maintained 
after 9 months.

Subset 2: subjects who required stents with diameters of 4.00 
and 4.50 mm

Among the total cohort, 49 patients required stents of 4 and 4.5 
mm in diameter. In this subset, the prevalence of diabetes was 
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quite low at 10.2%; however, the prevalence of peripheral vas-
cular disease was much higher than that in either subset (Table 
1). They had a lower prevalence of double vessel disease; how-
ever, the RCA was involved in almost two-thirds of patients, 
which is much higher than that in other subsets (Table 2). The 
mean lesion length was shorter than that in other subsets at 
16.04 ± 6.95 mm. Consequently, the stent length required was 
also much shorter. The reference vessel diameter (RVD) in this 
subset was much higher than that in the other subsets at 3.89 
± 0.70 mm (Table 3). The cumulative 24-month outcomes are 
shown in Table 6. The cumulative rates of MACEs were 0%, 
6.25%, 6.25%, and 10.41% at 1, 9, 12, and 24 months, respec-
tively, which was considerably high. However, there was no 
case of ST until 24 months.

Subset 3: subjects with bifurcation lesions

There were 82 patients with bifurcation lesions. In this sub-
set, similar to that of the long-stent subset, the prevalence of 
dyslipidemia was considerably high at 48.78% (Table 1). The 
major vessel involved was LAD in 56.04% of patients (Table 
2). The cumulative 2-year outcomes are shown in Table 7. The 
cumulative rates of MACEs were 2.46%, 6.32%, 11.53%, and 

16.21% at 1, 9, 12, and 24 months, respectively, which was 
considerably high. The corresponding rates of ST were 0%, 
1.27%, 1.28%, and 1.35%, respectively, indicating that the rate 
of ST was maintained after 9 months.

Subset 4: subjects with CTO

Overall, 16.4% of patients had CTO. The basic characteristics 
are shown in Table 1. This subset had a high thrombus load 
(severe: 19.15%; moderate: 18.44%) and a high proportion of 
patients with American Heart Association (AHA) class C le-
sions (52.48%). Moreover, almost 84% of patients had throm-
bolysis in myocardial infarction (TIMI) flow 0 (Table 2). The 
cumulative 2-year outcomes are shown in Table 8. The cumu-
lative rates of MACEs were 0.79%, 5.04%, 6.83%, and 7.07% 
at 1, 9, 12, and 24 months, respectively. The corresponding 
rates of ST were 0%, 0.84%, 0.85%, and 0.88%, respectively, 
indicating that the rate of ST was maintained after 9 months.

Discussion

The overall rates of ST at 24 months in the current study 

Figure 1. Patient disposition.
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Table 2.  Lesion Characteristics

Characteristics Total sample 
(N = 771)

Stent length > 30 
mm (n = 253)

Stent diameter 4 and 
4.5 mm (n = 49)

Subjects with bifur-
cation lesions (n = 82)

Subjects 
with CTO 
(n = 127)

Total number of treatable lesions, n 1,079 278 49 91 141
Diseased vessel, n (%) n = 755 n = 250 n = 48 n = 80 n = 126
    Single vessel 486 (64.37) 146 (58.40) 32 (66.67) 37 (46.25) 68 (53.97)
    Double vessel 183 (24.24) 67 (26.80) 9 (18.75) 26 (32.5) 40 (31.75)
    Triple vessel or more 86 (11.39) 37 (14.80) 7 (14.58) 17 (21.25) 18 (14.29)
Lesion location, n (%) n = 1,079 n = 278 n = 49 n = 91 n = 141
    Left main 6 (0.56) 0 (0) 0 (0) 2 (2.2) 0 (0)
    Right coronary artery 309 (28.64) 109 (39.21) 31 (63.27) 12 (13.19) 56 (39.72)
    Left anterior descending 458 (42.45) 117 (42.09) 17 (34.69) 51 (56.04) 47 (33.33)
    Left circumflex 169 (15.66) 43 (15.47) 1 (2.04) 19 (20.88) 24 (17.02)
    Diagonal 36 (3.34) 0 (0) 0 (0) 5 (5.49) 6 (4.26)
    Obtuse marginal 54 (5) 9 (3.24) 0 (0) 0 (0) 4 (2.84)
    Posterior descending 17 (1.58) 0 (0) 0 (0) 2 (2.2) 4 (2.84)
    Intermediate/anterolateral 17 (1.58) 0 (0) 0 (0) 0 (0) 0 (0)
    Others 13 (1.2) 0 (0) 0 (0) 0 (0) 0 (0)
Type of stenosis, n (%) n = 1,067 n = 274 n = 49 n = 91 n = 141
    De novo 1,049 (98.31) 264 (96.35) 48 (97.96) 80 (87.91) 139 (98.58)
    In-stent 9 (0.84) 6 (2.19) 1 (2.04) 2 (2.2) 1 (0.71)
    Bifurcation 9 (0.84) 4 (1.46) 0 (0) 9 (9.89) 1 (0.71)
Thrombus load, n (%) n = 1,067 n = 269 n = 49 n = 91 n = 141
    None 858 (80.41) 190 (70.63) 35 (71.43) 69 (75.82) 75 (53.19)
    Mild 74 (6.94) 25 (9.29) 6 (12.24) 7 (7.69) 13 (9.22)
    Moderate 95 (8.9) 40 (14.87) 5 (10.2) 10 (10.99) 26 (18.44)
    Severe 40 (3.75) 14 (5.2) 3 (6.12) 5 (5.49) 27 (19.15)
ACC/AHA type, n (%) n = 1,067 n = 272 n = 49 n = 91 n = 141
    A 164 (15.37) 31 (11.4) 5 (10.2) 11 (12.09) 6 (4.26)
    B1 403 (37.77) 92 (33.82) 18 (36.73) 28 (30.77) 27 (19.15)
    B2 265 (24.84) 63 (23.16) 15 (30.61) 21 (23.08) 34 (24.11)
    C 235 (22.02) 86 (31.62) 11 (22.45) 31 (34.07) 74 (52.48)
Morphology, n (%) n = 1,064 n = 273 n = 49 n = 91 n = 141
    Concentric 556 (52.26) 151 (55.31) 31 (63.27) 54 (59.34) 75 (53.57)
    Eccentric 508 (47.74) 122 (44.69) 18 (36.73) 37 (40.66) 65 (46.43)
TIMI flow prior to treatment, n (%) n = 1,078 n = 274 n = 49 n = 91 n = 141
    TIMI 0 157 (14.56) 62 (22.63) 5 (10.2) 14 (15.38) 118 (83.69)
    TIMI 1 72 (6.68) 30 (10.95) 1 (2.04) 4 (4.4) 6 (4.26)
    TIMI 2 191 (17.72) 50 (18.25) 12 (24.49) 14 (15.38) 7 (4.96)
    TIMI 3 658 (61.04) 132 (48.18) 31 (63.27) 59 (64.84) 10 (7.09)
TIMI flow post-procedure, n (%) n = 1,040 n = 278 n = 49 n = 84 n = 132
    TIMI 0 6 (0.58) 2 (0.72) 0 (0) 2 (2.38) 4 (3.03)
    TIMI 1 5 (0.48) 1 (0.36) 0 (0) 0 (0) 4 (3.03)
    TIMI 2 25 (2.4) 5 (1.8) 2 (4.08) 0 (0) 4 (3.03)
    TIMI 3 1,004 (96.54) 270 (97.12) 47 (95.92) 82 (97.62) 120 (90.91)
    Total occlusion, n (%) 141/1,067 

(13.21)
45/101 (44.55) 48/49 (97.96) 13/91 (14.29) 141/141 

(100)
Tortuosity of lesion, n (%) n = 1,067 n = 273 n = 49 n = 91 n = 141
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Table 3.  Procedural Characteristics

Procedural characteristics Total sample 
(N = 771)

Stent length > 30 
mm (n = 253)

Stent diam-
eter 4 and 4.5 
mm (n = 49)

Subjects with 
bifurcation le-
sions (n = 82)

Subjects 
with CTO 
(n = 127)

Lesion pre-dilatation done, n (%) 599 (55.51) 205 (73.74) 39 (79.59) 73 (80.22) 94 (66.67)
Lesion length, mm, mean ± SD, (n = 1,075) 22.75 ± 12.22 34.61 ± 12.72 16.04 ± 6.95 21.32 ± 10.22 25.16 ± 9.49
Stent length, mm, n (%) n = 1,039 n = 278 n = 52 n = 84 n = 132
    8 10 (0.96) 0 (0) 0 (0) 1 (1.19) 0 (0)
    13 82 (7.89) 0 (0) 6 (11.54) 8 (9.52) 4 (3.03)
    16 119 (11.45) 0 (0) 6 (11.54) 8 (9.52) 12 (9.09)
    19 206 (19.83) 0 (0) 26 (50) 13 (15.48) 13 (9.85)
    24 205 (19.73) 0 (0) 7 (13.46) 18 (21.43) 28 (21.21)
    29 138 (13.28) 0 (0) 4 (7.69) 10 (11.9) 19 (14.39)
    32 84 (8.08) 84 (30.22) 2 (3.85) 9 (10.71) 18 (13.64)
    37 64 (6.16) 63 (22.66) 1 (1.92) 1 (1.19) 13 (9.85)
    40 63 (6.06) 63 (22.66) 0 (0) 8 (9.52) 12 (9.09)
    44 39 (3.75) 39 (14.03) 0 (0) 4 (4.76) 8 (6.06)
    48 29 (2.79) 29 (10.43) 0 (0) 4 (4.76) 5 (3.79)
Stent length, mm, mean ± SD 25.57 ± 9.35 38.30 ± 5.24 20.25 ± 5.29 26.45 ± 10.12 29.11 ± 9.21
Stent diameter, mm, n (%) n = 1,039 n = 278 n = 52 n = 84 n = 132
    2.5 247 (23.77) 74 (26.62) 0 (0) 22 (26.19) 37 (28.03)
    2.75 162 (15.59) 50 (17.99) 0 (0) 13 (15.48) 18 (13.64)
    3 363 (34.94) 104 (37.41) 0 (0) 26 (30.95) 48 (36.36)
    3.5 214 (20.6) 47 (16.91) 0 (0) 19 (22.62) 28 (21.21)
    4 38 (3.66) 2 (0.72) 37 (71.15) 4 (4.76) 0 (0)
    4.5 15 (1.44) 1 (0.36) 15 (28.85) 0 (0) 1 (0.76)
Stent diameter, mm, mean ± SD (n = 1,039) 3.00 ± 0.44 2.92 ± 0.36 4.14 ± 0.23 2.99 ± 0.43 2.94 ± 0.38
% Diameter stenosis, pre-procedure, mean ± SD 83.93 ± 12.84 83.48 ± 12.37 83.12 ± 17.30 85.04 ± 12.68 99.21 ± 3.74
% Diameter stenosis post-procedure, mean ± SD 4.22 ± 11.50 4.91 ± 8.73 4.12 ± 6.90 4.64 ± 13.28 3.25 ± 10.69
Reference vessel diameter, mm, mean ± SD 2.96 ± 0.47 2.92 ± 0.45 3.89 ± 0.70 2.93 ± 0.46 2.90 ± 0.53
Minimum lumen diameter, pre-
procedure, mm, mean ± SD

1 ± 1.69 1.12 ± 2.88 1.33 ± 1.00 1.08 ± 0.97 0.79 ± 1.91

Minimum lumen diameter post-
procedure, mm, mean ± SD

2.96 ± 1.35 2.76 ± 0.65 3.84 ± 0.49 3.09 ±2.75 2.88 ± 0.65

CTO: chronic total occlusion; SD: standard deviation.

Characteristics Total sample 
(N = 771)

Stent length > 30 
mm (n = 253)

Stent diameter 4 and 
4.5 mm (n = 49)

Subjects with bifur-
cation lesions (n = 82)

Subjects 
with CTO 
(n = 127)

    Mild 784 (73.48) 197 (72.16) 43 (87.76) 66 (72.53) 104 (73.76)
    Moderate 217 (20.34) 59 (21.61) 6 (12.24) 20 (21.98) 12 (8.51)
    Severe 66 (6.19) 17 (6.23) 0 (0) 5 (5.49) 25 (17.73)
Lesion calcification, n (%) n = 1,067 n = 273 n = 49 n = 91 n = 141
    Mild 634 (59.42) 149 (54.58) 30 (61.22) 57 (62.64) 81 (57.45)
    Moderate 217 (20.34) 70 (25.64) 8 (16.33) 16 (17.58) 20 (14.18)
    Severe 47 (4.4) 24 (8.79) 4 (8.16) 8 (8.79) 6 (4.26)
    Not applicable 169 (15.84) 205 (73.74) 7 (14.29) 10 (10.99) 34 (24.11)

ACC: American College of Cardiology; AHA: American Heart Association; CTO: chronic total occlusion; TIMI: thrombolysis in myocardial infarction.

Table 2.  Lesion Characteristics - (continued)
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were very low, both in the overall cohort and in pre-specified 
patient subsets. Furthermore, ST rates remained consistent 
across all groups from 9 to 24 months. The cumulative rate 
of MACEs was 4.04% at 12 months and 5.64% at 24 months. 
The corresponding rates of ST were 0.28% at both time 
points. Comparing our results to previous studies, the mer-
iT-2 and meriT-3 trials evaluated the 12-month outcomes of 
BioMime SES [11, 12]. In the meriT-2 study, which includ-
ed real-world patients with de novo lesions, the 12-month 
MACE rate was 6.0% and ST occurred in 0.4% of cases [11]. 
Our outcomes align with these findings, although meriT-2 

excluded patients with complex lesions. In the meriT-3 study, 
which included all-comer patients who received BioMime 
SES for the management of CAD, the cumulative 12-month 
MACE rate was 2.35%, with ST occurring in only 0.09% of 
cases [12]. These rates were considerably lower than those 
observed in our study. Specifically, meriT-3 had an average 
lesion length of 18.5 ± 8.2 mm, whereas our study’s aver-
age stent length was 23.1 ± 8.4 mm. Additionally, meriT-3 
included 8.9% of patients with CTO, compared to 13.21% 
in our investigation. In the meriT-V study that compared the 
XIENCE everolimus-eluting coronary stents with BioMime 

Table 4.  Cumulative Outcomes After 24 Months Follow-Up

Events In-hospital  
(n = 771)

1 month  
(n = 760)

9 months  
(n = 733)

12 months  
(n = 717)

24 months  
(n = 691)

Death 0 (0) 1 (0.13) 6 (0.81) 8 (1.11) 14 (2.02)
Cardiac death 0 (0) 1 (0.13) 2 (0.27) 2 (0.28) 6 (0.87)
Non-cardiac death 0 (0) 0 (0) 3 (0.40) 4 (0.55) 5 (0.72)
Undetermined death 0 (0.00) 0 (0.00) 1 (0.13) 2 (0.28) 3 (0.43)
MI 1 (0.13)a 6 (0.78)b, f 14 (1.90)c, g 18 (2.51)d 21 (3.03)e, f, g

TVR 1 (0.13)a 5 (0.65)b 14 (1.90)c 17 (2.37)d 23 (3.32)e

TVR including TLR 1 (0.13)a 5 (0.65)b 14 (1.90)c 17 (2.37)d 23 (3.32)e

TLR 0 (0) 3 (0.39) 12 (1.63) 15 (2.09) 21 (3.03)
Stent thrombosis 0 (0) 0 (0) 1 (0.13) 2 (0.28) 2 (0.28)
TVF 1 (0.13) 8 (1.05) 23 (3.13) 29 (4.04) 39 (5.64)
MACE 1 (0.13) 8 (1.05) 23 (3.13) 29 (4.04) 39 (5.64)

Values are n (%). aOne patient suffered from MI, TVR, TVR including TLR. bFour patients suffered from MI, TVR, TVR including TLR. cEight patients 
suffered from MI, TVR, TVR including TLR. dTen patients suffered from MI, TVR, TVR including TLR. eTwelve patients suffered from MI, TVR, TVR 
including TLR. f, gAmong 21 patients, fone patient had MI at 1 and 24 months, gone patient had MI at 9 and 24 months. MI: myocardial infarction; TVR: 
target vessel revascularization; TLR: target lesion revascularization; TVF: target vessel failure (composite of cardiac deaths, MI, and TVR including 
TLR); MACE: major adverse cardiovascular events (composite endpoint of cardiac death, MI, and TVR).

Table 5.  Cumulative Outcomes up to 24 Months Follow-Up for Population Treated With Stent > 30 mm in Length

Events In-hospital  
(n = 253)

1 month  
(n = 248)

9 months  
(n = 239)

12 months  
(n = 234)

24 months  
(n = 228)

Death 0 (0) 0 (0) 2 (0.84) 3 (1.38) 5 (2.19)
Cardiac death 0 (0) 0 (0) 1 (0.42) 1 (0.43) 3 (1.32)
Non-cardiac death 0 (0) 0 (0) 1 (0.42) 2 (0.85) 2 (0.88)
Undetermined death 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
MI 0 (0) 1 (0.40)a, e 6 (2.51)b, f 7 (2.99)c 9 (3.95)d, e, f

TVR 0 (0) 1 (0.40)a 8 (3.35)b 9 (3.85)c 12 (5.26)d

TVR including TLR 0 (0) 1 (0.40)a 8 (3.35)b 9 (3.85)c 12 (5.26)d

TLR 0 (0) 1 (0.40) 8 (3.35) 9 (3.85) 12 (5.26)
Stent thrombosis 0 (0) 0 (0) 1 (0.42) 1 (0.43) 1 (0.44)
TVF 0 (0) 1 (0.40) 11 (4.60) 12 (5.12) 16 (7.01)
MACE 0 (0) 1 (0.40) 11 (4.60) 12 (5.12) 16 (7.01)

Values are presented in n (%). aOne patient suffered from MI, TVR and TVR including TLR. bFour patients suffered from MI, TVR and TVR includ-
ing TLR. cFive patients suffered from MI, TVR and TVR including TLR. dSix patients suffered from MI, TVR and TVR including TLR. e, fAmong nine 
patients, eone patient had MI at 1 and 24 months, fone patient had MI at 9 and 24 months follow-up. MI: myocardial infarction; TVR: target vessel 
revascularization; TLR: target lesion revascularization; TVF: target vessel failure (composite of cardiac deaths, MI and TVR including TLR); MACE: 
major adverse cardiovascular events (composite endpoint of cardiac death, MI and TVR).
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SES in patients with de novo native coronary artery lesions, 
the 9-month MACE and ST of the BioMime group were 2.8% 
and 0%, respectively [13]. These rates were slightly lower 
than rates observed in our study (3.13% and 0.13%, respec-
tively). However, it is essential to note that meriT-V study 
had a smaller mean lesion length (16.71 ± 9.74 mm) and 
mean stent length (21.20 ± 7.73 mm).

Long lesions are a major determinant of unfavorable out-
comes [15]. Park et al investigated the efficacy and safety of 
the Resolute™ zotarolimus-eluting stent in patients with dif-
fuse long coronary lesions (≥ 25 mm) from a prospective, 

relatively large-scale and real-world registry. The incidence of 
MACE and definite ST at 1 year was 3.0% and 0.3%, respec-
tively [16]. Other studies involving long stents have shown a 
1-year rate of TLF, a composite of cardiac death, target lesion 
MI, or ischemia-driven TLR ranging from 5% to 14% [17-20]. 
Park et al also evaluated two different stents (ABT NG DES 
48 and XIENCE Skypoint 48 IDE) in subjects with CAD with 
long de novo native coronary lesions. The rate of 5.8% for car-
diac death or all MI at 1 year was observed with ABT NG DES 
48 and a TLF rate of 5.7% was observed with XIENCE [21]. 
These outcomes are consistent with our study findings in the 

Table 6.  Cumulative Clinical Events up to 24 Months for Population Treated With 4.00- and 4.50-mm Diameter Stent

Events In-hospital  
(n = 49)

1 month  
(n = 49)

9 months  
(n = 48)

12 months  
(n = 48)

24 months  
(n = 48)

Death 0 (0) 0 (0) 1 (2.08) 1 (2.08) 4 (8.33)
Cardiac death 0 (0) 0 (0) 0 (0) 0 (0) 1 (2.08)
Non-cardiac death 0 (0) 0 (0) 0 (0) 0 (0) 1 (2.08)
Undetermined death 0 (0) 0 (0) 1 (2.08) 1 (2.08) 2 (4.17)
MI 0 (0) 0 (0) 2 (4.17)a, d 2 (4.17)b 3 (6.25)c, d

TVR 0 (0) 0 (0) 1 (2.08)a 1 (2.08)b 2 (4.17)c

TVR including TLR 0 (0) 0 (0) 1 (2.08)a 1 (2.08)b 2 (4.17)c

TLR 0 (0) 0 (0) 1 (2.08) 1 (2.08) 2 (4.17)
Stent thrombosis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
TVF 0 (0) 0 (0) 3 (6.25) 3 (6.25) 5 (10.41)
MACE 0 (0) 0 (0) 3 (6.25) 3 (6.25) 5 (10.41)

Values are presented in n (%). aOne patient suffered from MI, TVR and TVR including TLR. bOne patient suffered from MI, TVR and TVR including 
TLR. cTwo patients suffered from MI, TVR and TVR including TLR. dOne same patient had MI at 9 and 24 months follow-up. MI: myocardial infarc-
tion; TVR: target vessel revascularization; TLR: target lesion revascularization; TVF: target vessel failure (composite of cardiac deaths, MI and TVR 
including TLR); MACE: major adverse cardiovascular events (composite endpoint of cardiac death, MI and TVR).

Table 7.  Cumulative Major Cardiac Clinical Events up to 24 Months in Patients With Bifurcation Lesions

Events In-hospital  
(n = 82)

1-month  
(n = 81)

9-months  
(n = 79)

12-months  
(n = 78)

24-months  
(n = 74)

Death 0 (0) 0 (0) 0 (0) 1 (1.28) 3 (4.05)
Cardiac death 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.35)
Non-cardiac death 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Undetermined death 0 (0) 0 (0) 0 (0) 1 (1.28) 2 (2.70)
MI 0 (0) 1 (1.23)a, e 3 (3.84)b 6 (7.69)c 7 (9.46)d, e

TVR 0 (0) 2 (2.47)a 4 (5.06)b 6 (7.69)c 7 (9.46)d

TVR including TLR 0 (0) 2 (2.47)a 4 (5.06)b 6 (7.69)c 7 (9.46)d

TLR 0 (0) 2 (2.47) 4 (5.06) 6 (7.69) 7 (9.46)
Stent thrombosis 0 (0) 0 (0) 1 (1.27) 1 (1.28) 1 (1.35)
TVF 0 (0) 2 (2.46) 5 (6.32) 9 (11.53) 12 (16.21)
MACE 0 (0) 2 (2.46) 5 (6.32) 9 (11.53) 12 (16.21)

Values are presented in n (%). aOne patient suffered from MI, TVR and TVR including TLR. bTwo patients suffered from MI, TVR and TVR including 
TLR. cFour patients suffered from MI, TVR and TVR including TLR. dFour patients suffered from MI, TVR and TVR including TLR. eOne same patient 
had MI at 1- and 24-month follow-up. MI: myocardial infarction; TVR: target vessel revascularization; TLR: target lesion revascularization; TVF: target 
vessel failure (composite of cardiac deaths, MI and TVR including TLR); MACE: major adverse cardiovascular events (composite endpoint of cardiac 
death, MI and TVR).



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   https://cr.elmerpub.com448

BioMime SES: MILES Global Registry Cardiol Res. 2024;15(6):439-452

subgroup of patients who required long stents.
The overall 24-month MACE outcomes in our study are 

comparable or better than those observed over a similar period 
in other studies (DESSOLVE II [22], COMFORTABLE AMI 
Trial [23], NEXT [24], BIO-RESORT [25], BIONYX [26]), 
involving various DESs. However, the rates of ST and cardiac 
death in our study are the lowest compared to those of other 
studies [23-26], except the DESSOLVE II study [22]. Notably, 
the BioMime stent used in our study and the stent used in the 
DESSOLVE II study had the thinnest struts compared to other 
studies. These findings underscore the efficacy of thin struts in 
reducing ST and cardiac mortality.

In a subset of patients requiring stents with diameters of 
4 and 4.5 mm, we observed relatively higher rates of MACE 
outcomes than those of the total cohort and other subgroups, 
except the subgroup with bifurcation lesions. This was despite 

a mean lesion length of 16.04 ± 6.95 mm in this subgroup and 
a large mean RVD of 3.89 ± 0.70 mm. However, there were no 
cases of ST within this subgroup during the 24-month follow-
up. Vessel diameter has been known to affect PCI outcomes, 
with interventions in small caliber vessels (< 2.5 mm) having 
limited success [27]. Previous studies have shown that stent 
diameters > 2.5 mm are associated with more favorable out-
comes [27, 28]. However, recent studies on DES with stent 
diameter as large as 4 and 5 mm are lacking.

In our study, the subgroup of patients with bifurcation le-
sions exhibited higher MACE rates of 6.32%, 11.53%, and 
16.21% at 9, 12, and 24 months, respectively. The correspond-
ing rates of ST were 1.27%, 1.28%, and 1.35%, respectively. 
Coronary bifurcation PCI is associated with higher rates of 
restenosis and TLR compared to non-bifurcation lesions. Ad-
ditionally, the stenting technique employed substantially im-

Table 9.  Clinical Outcomes Comparison of BioMime Stent With Other Drug-Coated/Bare Metal Stents

Stents No. of 
patients (n)

Clinical 
follow-up

Cardiac 
death

Non-car-
diac death MI TVR ST TVF MACE

BioMime SES 691 2 years 6 (0.87) 5.5 (0.72) 21 (3.03) 23 (3.32) 2 (0.28) 39 (5.64) 39 (5.64)a

XIENCE EES [40] 365 2 years 3 (0.8) - 11(3.0) 7 (1.9) 6 (1.6) - 22 (6.0)b

Resolute ZES [41] 139 2 years 1 (0.7) 3 (2.2) 8 (5.8) 2 (1.4) 0 (0.0) 11 (7.9) 14 (10.1)
MiStent SES [42] 123 2 years 2 (1.7) 1 (0.8) 3 (2.5) 2 (1.7) 1 (0.0)c 6 (5.0) 8 (6.7)d

Endeavor Sprint ZES [42] 61 2 years 1 (1.7) 0 (0.0) 3 (5.0) 5 (8.3) 1 (1.7)c 7 (11.7) 8 (13.3)d

Biolimus [43] 575 1 year 16 (2.9) - - 11 (2.0) 5 (0.9) - 24 (4.3)e

Orsiro SES [26] 1,245 2 years 21 (1.6) - 39 (3.2) 57 (4.7) 11 (0.9) 87 (7.1) 107 (8.6)
Gazelle BMS [43] 582 1 year 20 (3.5) - - 37 (6.5) 12 (2.1) - 49 (8.7)e

aMACE (composite endpoint of cardiac death, MI, and TVR). bMACE (composite of cardiac death, MI, and TLR). cARC defined - probable/definite. 
dMACE (death, MI, TVR). eMACE (composite of cardiac death, target vessel-related reinfarction, and ischemia-driven target-lesion revasculariza-
tion). BMS: bare metal stent; EES: everolimus-eluting stent; MACE: major adverse cardiovascular events; MI: myocardial infarction; SES: sirolimus-
eluting stent; ST: stent thrombosis; TVF: target vessel failure, TVR: target vessel revascularization; ZES: zotarolimus-eluting stent.

Table 8.  Cumulative Major Cardiac Events up to 24 Months Follow-Up for Population With CTO

Events In-hospital  
(n = 127)

1 month  
(n = 126)

9 months  
(n = 119)

12 months  
(n = 117)

24 months  
(n = 113)

Death 0 (0) 0 (0) 2 (1.68) 2 (1.71) 2 (1.77)
    Cardiac death 0 (0) 0 (0) 1 (0.84) 1 (0.85) 1 (0.88)
    Non-cardiac death 0 (0) 0 (0) 1 (0.84) 1 (0.85) 1 (0.88)
    Undetermined death 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
MI 0 (0) 1 (0.79) 4 (3.36)a 5 (4.27)b 5 (4.42)c

TVR 0 (0) 0 (0) 3 (2.52)a 5 (4.27)b 5 (4.42)c

TVR including TLR 0 (0) 0 (0) 3 (2.52)a 5 (4.27)b 5 (4.42)c

TLR 0 (0) 0 (0) 3 (2.52) 5 (4.27) 5 (4.42)
Stent thrombosis 0 (0) 0 (0) 1 (0.84) 1 (0.85) 1 (0.88)
TVF 0 (0) 1 (0.79) 6 (5.04) 8 (6.83) 8 (7.07)
MACE 0 1 (0.79) 6 (5.04) 8 (6.83) 8 (7.07)

Values are presented in n (%). aTwo patients suffered from MI, TVR and TVR including TLR. bThree patients suffered from MI, TVR and TVR includ-
ing TLR. cThree patients suffered from MI, TVR and TVR including TLR. MI: myocardial infarction; TVR: target vessel revascularization; TLR: target 
lesion revascularization; TVF: target vessel failure (composite of cardiac deaths, MI and TVR including TLR); MACE: major adverse cardiovascular 
events (composite endpoint of cardiac death, MI and TVR).
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pacts clinical outcomes [29, 30]. Interestingly, in our study, 
the 24-month rates of MACE and ST in this subgroup were 
usually higher than the 24-month rates of MACE and ST re-
ported in recent studies involving patients with bifurcation 
lesions (POLBOS I+II [31], DIVERGE [32], SPIRIT V [33], 
DUTCH PEERS [34], TWENTE [35], RESOLUTE [36]). In 
the SPIRIT V, which had much lower rates of MACE at 24 
months (11.3%), the mean lesion length was 16.0 ± 6.5 mm, 
while it was 21.32 ± 10.22 mm in our study. Furthermore, in 
SPIRIT V study, 80.3% of patients had a baseline TIMI flow 
grade of III, compared to 64.84% in our study [33]. Notably, 
our study allowed single or two-stent strategies at the opera-
tor’s discretion, which may have contributed to the poor out-
comes observed in the bifurcation lesions group compared to 
other studies.

PCI for CTO is associated with a lower success rate, un-
certain benefits, and a higher rate of complications. Moreover, 
the differences in techniques between CTO and non-CTO PCI 
have consistently led to debates about the long-term outcomes 
and vessel patency even after successful CTO PCI [37]. In our 
study, the subgroup of patients with CTO demonstrated the cu-
mulative MACE rates of 6.83% and 7.07% at 1 and 2 years, 
respectively, with the corresponding ST rates of 0.85% and 
0.88%, respectively. Remarkably, these outcomes were ob-
served despite a high thrombus load and a high proportion of 
patients with AHA class C lesions in this subgroup. Moreover, 
nearly 84% of patients had a baseline TIMI flow 0. Comparing 
our results to recent studies, a recent retrospective analysis of 
patients who underwent LAD CTO PCI at a high-volume sin-
gle center reported a 2-year MACE rate of 15% [38]. Another 
study examining the long-term outcomes reported a 3.6-year 
MACE rate of 19.1% [39]. Therefore, our outcomes in this 
subgroup appear more favorable than those reported in these 
recent studies.

Table 9 shows the comparison of clinical outcomes of 
BioMime SES system to other stents, such as the Xience, 
Resolute, MiStent, Endeavor Sprint, Biolimus, and the Gazelle 
bare metal stent. Notably, the BioMime stent demonstrates a 
favorable safety profile with relatively low incidences of car-
diac death (0.87%), TVR (3.32%), and ST (0.28%) compared 
to other stents like the Resolute and Gazelle bare metal stent, 
which reported higher rates of adverse events. This comparison 
underscores the competitive efficacy of the BioMime stent in 
reducing MACE and improving patient outcomes [26, 40-43].

Limitations

This study has several limitations. Firstly, it was a non-ran-
domized single-arm study without an active control group. 
Secondly, procedural and technical dissimilarities in complex 
lesions (bifurcation and CTO) may have contributed to non-
uniform outcomes within these subgroups. Additionally, the 
24-month follow-up period might not provide sufficient time to 
thoroughly assess the safety and performance of the BioMime 
SES. Consequently, longer follow-up periods are warranted. 
Lastly, it is important to note that outcomes were not confirmed 
by angiography or by any other investigation methods.

Conclusion

The BioMime SES with ultra-thin struts and a biodegradable 
polymer demonstrated favorable safety and efficacy outcomes 
over a 2-year period in a real-world all-comers CAD patient 
population. Notably, the overall rates of MACE and ST were 
low. However, subgroup analyses revealed higher MACE rates 
in patients with bifurcation lesions and those receiving larger 
stent diameters, despite the relatively low ST rate.
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