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Abstract

Current new generation stent technology has made remarkable progress in
stent design, structure, and component material to improve its performance
in reducing stent thrombosis, and restenosis compared to earlier DES and
BMS. Orsiro-Sirolimus eluting stent is new generation ultra-thin strut stent
with biodegradable abluminal coating that leaves a polymer free stent after
drug release enhances coverage of stent struts and prevents excess neo intimal
proliferation. A retrospective data analysis was done to see safety and efficacy
of Orsiro in patients treated with ultra-thin DES with Orsiro stents at Sun-
shine Hospitals, Hyderabad. A total of 331 patients with 525 lesions were
treated with 506 Orsiro stents and the major adverse cardiac events (MACE)
rate and stent thrombosis (ST) at 2 years’ follow-up were analysed. MACE
rate was 1.6% for an average follow-up at 2 years. Out of 2 patients who de-
veloped ST, one presented with definite acute stent thrombosis and one with
possible, late stent thrombosis and 1.8% non-cardiac death reported during
the follow-up. Despite many patients with complex PCI in the ACS subset,
Orsiro reduced significant reduction in MACE rate in all spectrum of coro-
nary artery disease patients with excellent acute and long-term results similar
to other established FDA-approved current generations stents.
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1. Introduction

Coronary stent technology has made remarkable progress over the last few dec-
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ades in stent design, structure, and component materials. Despite resolving the
limitations of BMS, first-generation DP-DES was impeded by the risk of ST. Se-
cond-generation DP-DES was developed to address the risk of very late ST asso-
ciated with first-generation SES and PES. These stents are made up of more bio-
compatible polymer coatings, less toxic anti-proliferative drugs, and thinner metal
alloy stent (cobalt-chromium or platinum-chromium) platforms. Second-gene-
ration DP-DES has primarily replaced the preceding generation of devices, and
is recognized as the current gold standard for PCI. Despite more biocompatible
materials, the permanent polymer coating in second-generation DP-DES re-
mains a driving factor for very late ST. The ongoing issue of very late ST asso-
ciated with DP-DES has led to the advent of BP-DES [1]. The degradation of the
polymer coating removes the potential stimulus for a chronic inflammatory re-
sponse in the vessel wall. Theoretically, it eliminates the risk of very late ST asso-
ciated with DP-DES.

Ultrathin Orsiro BP-DES is based on a cobalt-chromium stent platform in a
double-helix structure, with helical meanders, longitudinal connectors, and wed-
ge-shaped transitions. The metal alloy cobalt-chromium allows for thinner struts,
which provide greater flexibility for effective stent delivery. During stent expan-
sion, the double-helix structure adapts to the vessel curvature without unnatural
straightening. This design feature also provides high radial strength to prevent
longitudinal compression and foreshortening throughout the stent’s entire length.
Orsiro BP-DES has a hybrid coating consisting of active and passive components
to improve biocompatibility (Figure 1) [2]. The outer layer contains a BIOlute func-
tional coating (Biotronik, Biilach, Switzerland) made from biodegradable Poly-
L-lactic acid (PLLA) loaded with sirolimus. The PLLA undergoes metabolism via
the Krebs cycle into carbon dioxide and water and completely degrades over 12 -
15 months. Furthermore, the BIOlute functional coating has an abluminal thick-
ness of 7.5 pm and a luminal thickness of 3.5 um, provides higher drug capacity
on the abluminal side than the luminal side. The inner layer contains a ProBIO (Bi-
otronik, Biilach, Switzerland) passive coating which is made from a thin layer (80
nm) of silicon carbide which has semi-conductor properties that provide a diffu-
sion barrier between the metal ions and cellular proteins to reduce thromboge-
nicity and promote re-endothelialisation.
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Figure 1. Overall MACE rate up to 24 months’ follow-up period.
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2. Methods

This is a retrospective study of All-comers data to see safety and efficacy of Ul-
tra-thin strut DES Orsiro in patients who underwent angioplasty with Orsiro
stenting at sunshine hospitals Hyderabad, in India between Nov 2015 and Sep
2018. The primary objective of this study is to determine device oriented major
adverse cardiac events (MACE) defined as composite of All cause death, cardiac
death, TLF, TVR, Stroke, and stent thrombosis (ST). The criteria for inclusion of
data for analysis was patients who have undergone PCI with suitable lesions for
stent implantation with Orsiro DES and presence of >1 coronary lesions in a na-
tive coronary artery or SVG that can be covered with single or multiple stents
with no limitation to number of treated lesions, number of treated vessels or le-
sion length.

PCI with Orsiro stenting in each target lesion during interventional procedure
was done as per the standard recommended guidelines protocol. All post PCI
patients were treated with appropriate medical management, IV Heparin during
index procedure, including dual anti platelet therapy (DAPT), high-dose statin,
ACE inhibitors, ARBs, S blockers, diuretics, and other medications were rec-
ommended according to the current guidelines at the discretion of the operating
cardiologist. The available data collected as part of standard medical care including
demographic information, lesion, stent characteristics and an event for further
analysis. The follow up data of the patients were recorded as and when patients
attend the clinic and multiple telephonic interviews including communication
through SMS and WhatsApp were considered for analysis. Review of MACE and
ST was done for an available hospital records includes routine blood investiga-
tions, non-invasive tests like ECG, Echocardiogram, stress test and angiogram
when necessary [3] [4].

All statistical analysis was performed with SPSS (version 6.0) standard descrip-
tive statistics were used done for baseline lesions, procedural characteristics and
for clinical results for all patients. Continues variables were presented as mean +
SD, range and categorical variables were presented as number and percentages.
Descriptive detailed data of the study population and serious adverse events were

formulated as per specified time intervals during follow-up.

3. Results

Baseline Characteristics and Procedural Results

The study population included a total of 503 consecutive patients at sunshine
hospital, Hyderabad, who underwent single or multi vessel revascularization Nov
2015 and Sep 2018 with 690 number of lesions treated with Orsiro and other
DES, but we have considered only 331 patients who underwent PCI exclusively
with Orsiro stenting and excluded the patients PCI with Orsiro hybrid stenting
(172) to eliminate the influence of other DES on outcomes of Orsiro. Patients base-
line demographics are summarized in Table 1, angiographic details were pro-

vided in Table 2 and stent characteristics were provided in Table 3 respectively.
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Table 1. Baseline clinical characteristics of study patients (N = 331).

Clinical Characteristics

Age (years) 59.7 £ 10.6
Male 262 (79.2)
Hypertension 210 (63.4)
Diabetes 175 (52.8)
Family history of Coronary artery disease 67 (20)
Renal Disease 17 (5.1)
Good LV function 224 (67.7)
Mild LV dysfunction 72 (21.8)
Moderate LV dysfunction 25 (7.5)
Severe LV dysfunction 10 (3)
Prior PCI 27 (8.2)
Prior CABG 16 (4.8)

Clinical presentation of patients

STEMI 151 (45.6)
NSTEMI 37 (11.2)
Stable angina 22 (6.6)

Unstable Angina 121 (36.6)

Data are presented as mean + SD, number of patients (%), median (interquartile range). LV, left ventricu-
lar; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass
graft; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non ST-elevation myocardial infarc-
tion; ACE, angiotensin converting enzyme.

Table 2. Angiographic characteristics of study patients.

Angiographic characteristics (N = 331)

Extent of coronary artery disease

SVD 197 (59.5)
DVD 96 (29)
TVD 38 (11.5)

Lesion location (n = 525 lesions)

LMCA 16 (3)
LAD 209 (39.8)
LCX 90 (17.1)
RCA 160 (30.4)
Branch Lesions 50 (9.5)
Long lesion 161 (30.7)
Total occlusion 82 (15.62)
LM Bifurcations 16 (3.05)
Provisional 15 (2.9)
2 stents Strategy 1(0.19)

Data are presented as mean + SD, number of patients (%), median (interquartile range). SVD, single vessel
disease; DVD, double vessel disease; TVD, three vessel disease; RCA, right coronary artery; LCX, left cir-
cumflex artery; LAD, left ascending artery; OM, obliterate marginal artery; LMCA, left main coronary ar-
tery.
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Table 3. Orsiro stent characteristics of study patients (N = 506).

Stent characteristics

Stent diameter, mm 2.94 +0.43
<2.5 mm, n (%) 128 (25.3)
>2.5 to < 3.5 mm, n (%) 262 (51.8)
>3.5 mm, n (%) 116 (22.9)

Stent length, mm 25.8 + 8.25
<30 mm, n (%) 287 (56.6)
>30 mm, n (%) 219 (43.2)

No. of Stents in patients (n = 331)

1 198 (59.8)
2 100 (30.2)
>3 33 (10)

The mean age was 59.7 £ 10.6 years. A total of 506 Orsiro stents were implanted
in 525 lesions during the index procedure. Average implanted stent diameter
was <2.5 mm in 25.3%, >2.5 to <3.5 mm in 51.8% and >3.5 mm in 22.9% of
patients whereas 43.2% patients had long length >30 mm (stent length ranged
between 9 mm and 40 mm). Almost majority of patients (59.5) had SVD, DVD
in 29% and TVD in 11.5% of patients and most of the lesions were located in
the LAD (39.8%), and an average of 1.52 stents were used in 1.6 lesions per pa-
tient. Hybrid stenting (combination of Orsiro with other DES) patients were
excluded from the study to avoid the influence of other DES on Orsiro clinical
outcomes.

This study data includes average median follow-up of 30 days, 12 months and
24 months in 331 patients with exclusive Orsiro implantation (Table 4 & Figure
1). The cumulative rates of adverse clinical events and overall ST classification
are presented in Table 4. MACE rate was calculated for the median follow-up of
30 days, 12 months and 24 months. There were 3 cardiac deaths at 30 days, 5
cardiac deaths at 12 and 24 months, and 1 case of TLF at 30 days, 3 cases of TLF
at 12 & 24 months’, and one case of TVR at 12 & 24 months’ follow-up were re-
ported. Out of 2 patients who developed ST, one presented with definite acute
stent thrombosis and one with possible, late stent thrombosis.

Sub analysis showed more MACE rate in diabetic patients (3.4%) compared to
non-diabetic patients (2.6%) (Figure 2), in two-vessel and triple vessel disease
(5.2%) compared to single-vessel disease (1.5%) (Figure 3), and in patients who
underwent PCI with two or more stents compared to PCI with a single stent, Ze.
3.75% VS 2.5% (Figure 4). No significance difference in MACE were observed
in the patients who received single stents (59.8%) between short length stents
(2.7%) and long length stents (2.3%) (Figure 5).

In our study group, low stent thrombosis was observed at 30 days (0.3%), 12
months (0.6%), and 24 months (0.6%) probably due to ultrathin stent struts of
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Table 4. Overall major adverse events at 24 months’ period.

MAE 30 days 12 months 24 months
All cause 3(0.9) 9(2.7) 11 (3.3)
Cardiac 3(0.9) 5(1.5) 5(1.5)
TLF 1(0.3) 3(0.9) 3(0.9)
TLR 0 1(0.3) 1(0.3)
Stroke 0 1(0.3) 1(0.3)
ST 1(0.3) 2(0.6) 2 (0.6)
MACE 3(0.9) 6(1.8) 6(1.8)

MACE rate - with Diabetes VS
without diabetes (%)

3.4

Figure 2. MACE rate with diabetes vs without diabetes.

MACE - SVD VS MVD

SVD

DVD+TVD

Figure 3. MACE comparison of single vs multi vessel disease.

MACE OF 1 STENT VS >
2 STENTS

B 1stent MW >2stents
3.75

Figure 4. MACE of single vs more than 2 stents patients.
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PCI WITH SINGLE STENT
<30MM VS >30MM STENTS

<30 =>30

EX]

Figure 5. PCI with single stent < 30 mm stent vs >30 mm stents.

Orsiro with biodegradable polymer and standard guideline-directed antiplatelet
therapy to the majority of patients (Figure 1). Among 331 patients of study popu-
lation, 300 patients were treated with DAPT containing Aspirin and Ticagrelor,
and 31 patients were treated with DAPT containing Aspirin and Clopidogrel com-
bination therapy for one-year (Figure 6). During subsequent follow-up period,
patients were treated with SAPT (Aspirin or Clopidogrel) or DAPT (Aspirin +
Clopidogrel) at the discretion of the treating cardiologist.

4. Discussion

Our study showed primary and secondary outcomes at 30 days, 12 months, and
24 months’ follow-up results are similar to other recently published Orsiro clin-
ical trials results with a reported non-inferior MACE rate in comparison to Xience,
Resolute Integrity, and Synergy stents (Table 5). The FDA approved the use of
Orsiro BP-DES in patients with CAD based on promising results in recent trials,
such as BIOFLOW V [5] and BIOSTEMI [6]. Both of these trials found that Or-
siro BP-DES had a significantly reduced risk of target lesion failure, which is a
composite of MI, cardiac death, and TLR, compared with Xience EES. A recent
meta-analysis of 11,176 patients found that Orsiro BP-DES and second-genera-
tion DP-DES conferred equivocal safety and efficacy profiles, with comparable
rates of definite or probable ST (odds ratio [OR], 0.77; 95% CI, 0.53 - 1.12), MI
(OR, 0.79; 95% CI, 0.63 - 1.00), all-cause death (OR, 1.17; 95% CI, 0.84 - 1.64),
and target lesion failure (OR, 0.87).

The primary outcome of the randomized BIONYX (Bioresorbable Polymer-
Coated Orsiro Versus Durable Polymer-Coated Resolute Onyx Stents) trial showed
(Figure 7) non-inferiority of the Resolute Onyx ZES versus the Orsiro SES re-
garding target vessel failure (TVF) at 12 months in all-comers. During the first
year of follow-up, there was a lower incidence of definite or probable stent thrombo-
sis in the Resolute Onyx group [7]. At a 2-year follow-up, Resolute Onyx ZES
showed in all-comers excellent safety and efficacy, similar to that of the ultrathin

cobalt-chromium-strut biodegradable-polymer Orsiro SES. Among patients in
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INFLUENCE OF DAPT ON MACE RATE

Subjects MAE

Clopidogrel Ticagrelor

Figure 6. Influence of DAPT on MACE rate.
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Figure 7. Primary and secondary end-points of BIONYX study.

BIONYX who underwent small-vessel treatment, showed no between-stent dif-
ferences in the incidence of various clinical endpoints. Our study confirms non-
inferjor results of Orsiro compared to other current-generation DES (Xience, Re-
solute Onyx, and Synergy) with low MACE rate and stent thrombosis [8]. Ran-
domized BIOFLOW V trial (Figure 8), in which Orsiro outperformed Xience
concerning the composite endpoint, target lesion failure, in 1334 patients [5].
BIOSTEMI trial showed a 1-year superiority of Orsiro versus Xience regarding
target lesion failure in 1300 patients presenting with ST-segment elevation MI
(5.1% VS 8.1%) [8]. BIO-RESORT 2 years’ follow-up of 3,514 patients, rando-
mized, all-comers trial results showed numerically lower TVF in Orsiro group
(6.6%) compared to Synergy (6.8%), and Resolute Integrity (8.3%). Orsiro group
also showed numerically lower clinical event rates than both Resolute Integrity
and Synergy concerning Target Lesion Failure (TLF), Target Lesion Revasculari-
zation (TLR), cardiac death, and definite/probable Stent Thrombosis (ST). Higher
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*p-values for 36-m frequentist analysis

Figure 8. BIOFLOW-V 3 years’ follow-up outcomes.

incidence of repeated target lesion revascularizations was observed in patients
with small-vessel treated with ZES (Resolute Integrity) versus the ultrathin-strut
Orsiro SES [9]. Recently published 3-year follow-up BIORESORT data showed
Orsiro has similar outcomes with numerically lower event rates in mainly TVF
(8.5% vs 10% vs 8.8%), TLR (2.1% vs 5.3% vs 4%), and ST in the Small vessel
subgroup (0.6% vs 1.5% vs 1.5%) compared to Resolute Integrity and Synergy
[10].

A randomized controlled (Figure 9) trial of a Three-year clinical outcome of
biodegradable hybrid polymer Orsiro sirolimus-eluting stent and the durable
biocompatible polymer Resolute Integrity zotarolimus-eluting stent showed TLF
occurred in 4.7% and 7.8% at 3 years in the O-SES and R-ZES groups, respec-
tively (log-rank p = 0.227). The occurrence of patient-oriented composite end-
point did not differ between the two groups (15.6% and 11.3%) with no signifi-
cant differences were observed between the two groups in terms of death, MI,
repeat revascularization, stroke, and bleeding. A recent meta-analysis of 10 ran-
domized trials (Figure 10) suggested a marginally lower risk of TLF and a sig-
nificantly lower risk of MI with O-SES than second-generation thicker strut DES
at 1 year [11]. The 5-year outcomes of the BIOFLOW-II trial showed a margi-
nally lower risk of stent thrombosis in patients treated with O-SES than in those
treated with X-EES (0.7% vs. 2.8%) [12]. In the BIOFLOW V trial of 1 year, 2™
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Figure 9. Comparison of TLF rate in % of various meta-analysis reports.
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L@ 0.83(0.51-1.37) Orsiro Mission clinical outcomes.

Figure 10. Meta-analysis of various trails comparing Orsiro Vs Xience stents.

year, and 3" year follow-up results showed significantly lower stent thrombosi-
sin the patients treated with O-SES compared to X-EES. BIOFLOW V at 3-year
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follow-up data also showed statistically lower patient event rates i.e. 40% lower
TLF rate (8.6% vs 14.4%) & 52% lower TLR rate (3.4% vs 6.9%), and lower ST
(1% vs 2%) compared to durable polymers (X-EES) [13].

The BIOSCIENCE trial also showed a marginal interaction of higher risk of
stent thrombosis within one year and a lower risk of very late stent thrombosis
between 1 and 5 years with O-SES. However, the overall cumulative incidence

was similar in both O-SES and durable-polymer EES.

5. Conclusion

Orsiro is a sirolimus-eluting ultrathin strut DES with biodegradable polymer, is
a well-established current-generation DES with favourable acute and long-term
DES results which is non-inferior to presently available current-generation FDA
approved drug-eluting stents. Our study reconfirmed efficacy and safety of Or-
siro in wide spectrum of coronary artery disease patients including many with
ACS which include high percentage of STEMI patients with primary PCI with
improved MACE rate in all-comers data involving various subsets of complex
PCL
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