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Abstract

Background and Objective: In the contemporary practice, the use of drug-eluting
stents is still associated with low mortality benefits, restenosis and stent thrombosis.
To address these issues, newer generation, thin-strut, biodegradable polymer coated
stents has been designed. Thus, the aim of the study is to assess the safety and clinical
performance of the Everoflex (Sahajanand Medical Technologies Pvt. Ltd., Surat, In-
dia), a newer generation biodegradable polymer coated everolimus-eluting stent, in
unselected “real-world” patients with coronary artery disease. Methods: It is a mul-
ticentre, retrospective, non-randomized, single-arm study enrolling all the consecu-
tive patients who underwent implantation with the Everoflex for coronary artery
disease from April 2014 to March 2016. The primary end-point of the study is 30-
day major adverse cardiovascular events (MACE) rate, which consists of cardiac death,
myocardial infarction, target lesion revascularization and target vessel revasculari-
zation. Stent thrombosis was also analyzed and reported. Results: A total of 340 pa-
tients were intervened successfully with 395 everolimus eluting stents (1.3 £ 0.6
stents per patient). Out of total patients (58.7 + 10.5 years), 77.9% were male and
comorbidities like diabetes and hypertension were observed in 31.2% and 35.3% pa-
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tients, respectively. According to ACC/AHA classification, there were 34.4% type B
lesions and 53.2% type C lesions, indicating a higher proportion of complexity in-
volved. Moreover, 57.9% patients had multivessel disease and there were 15.4% total
occlusions. At 30 days, follow-up was completed in 100% patients. The MACE was
found to be 1.5%, which is a composite of 1.2% cardiac death and 0.3% target lesion
revascularization. Stent thrombosis at 30 days was found to be 0.3%. Conclusion:
The low incidence of MACE and stent thrombosis clearly depicts excellent safety and
clinical performance of the Everoflex in unselected real world patients with coronary
artery disease.
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1. Introduction

The approach of percutaneous coronary intervention, since its advent, has been most
promising for the treatment of coronary artery disease. To be specific, metallic coro-
nary stents coated with potent immunosuppressive agents have dramatically reduced
neointimal hyperplasia and consequently restenosis as compared to bare metal stents
[1] [2]. But the older generation drug-eluting stents while reducing in-stent restenosis
have conversely increased the rate of stent thrombosis [3] [4]. Addressing some of the
clinical issues, associated problems like inflammation induced by polymers, thicker
stent struts and action of antiproliferative agents, triggered the attempts to develop
newer-generation thinner strut stents with better polymer and elution dynamics. One
of such potential attempt resulted in development of the Everoflex (Sahajanand Medical
Technologies Pvt. Ltd. Surat, Gujarat, India). It is biodegradable polymer coated ever-
olimus-eluting stent with cobalt chromium stent platform and stent architecture as thin
as 60 p. Drug-eluting stents, especially everolimus-eluting stents, are believed to reduce
both in-stent restenosis as well as stent thrombosis [5] [6] [7]. However, there are sev-
eral discrepancies regarding the effectiveness of everolimus-eluting stents compared to
other limus-eluting stents, like sirolimus, biolimus and zotarolimus-eluting stents. Two
of the major comparative analysis have demonstrated that everolimus is non-inferior to
sirolimus in overall reduction of repeat revascularization and definite ST [8] [9]. On the
contrary, stratified analysis by Barber ef al observed significant reduction in overall
clinical events in comparison to paclitaxel-eluting stents, intermediate in comparison to
zotarolimus-eluting stents and slightest against sirolimus-eluting stents. Thus, the aim
of this study is to evaluate safety and clinical performance of Everoflex everolimuselut-

ing stents in unselected “real-world” patients with coronary artery disease.

2. Methods
2.1. Study Design

It is a retrospective, observational, non-randomized multicentre on-going study being
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carried out at 8 different sites across India. It enrolled patients, who underwent im-
plantation with Everoflex stents for coronary artery disease from April 2014 to March
2016. The study strictly adhered to the principles of Good Clinical Practice and Decla-
ration of Helsinki. Written informed consent was obtained from all the patients and the

study was approved by the institutional ethics committee.

2.2. Patient Selection

All the patients with age greater than or equal to 18 years and undergoing implantation
with Everoflex everolimus-eluting coronary stent system were included in the study.

The only exclusion criterion was refusal to give informed consent from the patient.

2.3. Description of the Study Stent

Everoflex is a combination product comprising of two regulated components: 1) a de-
vice—It is made up of Flexinnium coronary stent system (Sahajanand Medical Tech-
nologies Pvt. Ltd. Surat, Gujarat, India) as its platform. Flexinnium stent comprise of
medical grade L605 cobalt chromium (Co-Cr) alloy having strut thickness of 60 y; 2) a
drug product—The drug, at the concentration of 1.0 pg/mm?’, along with polymeric
matrix is coated on the conformal surface of the stent. The polymeric matrix consists of
poly-L-lactide, poly L-lactide-co-caprolactone and polyvinyl pyrrolidone to control the
drug elution from stent coating. The average coating thickness of the stent is between 3
- 4 um and it releases approximately 80% of drug within first 28 days. Figure 1 repre-
sents in-vitro percentage cumulative drug release profile of the Everoflex stent in bio-
logical media. After releasing the drug, biodegradable polymers undergo hydrolysis and
then gradually degrade into biologically acceptable molecules that are metabolized and
removed from the body via normal metabolic pathways. Scanning electron microscopy
images of sterile crimped stents and expanded stents are depicted in Figure 2 showing a
smooth and uniform coating surface with minimal-to-no structural defects such as

webbing, bridging, and strut-to-strut contact, even after expansion of the stent.
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Figure 1. In-vitro percentage cumulative drug release profile of the Everoflex stent
in biological media.
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(a) (b)

Figure 2. Scanning electron microscopy images of sterile (a) crimped stents and (b) ex-
panded stents.

2.4. Coronary Intervention Procedures and Adjuvant Medications

Coronary interventional procedures and adjuvant medications were performed ac-
cording to standard guidelines [10]. All patients received dual antiplatelet therapy
(DAPT) including a loading dose of aspirin (300 mg) and clopidogrel (600 mg) or pra-
sugrel (60 mg) or ticagrelor (two tablets of 90 mg each). The procedural anticoagulation
was achieved either with heparin or with bivalirudin. However, the intraprocedural
administration of glycoprotein IIb/IIIa inhibitor was at the investigator’s discretion. All
patients were advised to maintain DAPT (aspirin: 75 - 300 mg daily indefinitely and
clopidogrel: 75 mg daily or prasugrel: 10 mg daily or ticagrelor: 90 mg twice daily for at

least 12 months) after the procedure.

2.5. Study Endpoints and Their Definitions

The primary endpoint was major adverse cardiac events (MACE), which is a composite
of cardiac death, myocardial infarction (MI), target lesion revascularization (TLR) and
target vessel revascularization (TVR) at 30-days follow-up. Stent thrombosis (ST), as
defined according to Academic Research Consortium (ARC) was also analyzed [11].
Any death due to undetermined cause was reported as cardiac death. Q-wave MI was
considered, when there was development of new Q-wave of more than 0.04 seconds in
two or more adjoining leads along with increase in cardiac markers like Troponin I or
T, creatine kinase or MB isoform. Non Q-wave MI was considered when there was
more than three times elevation in creatinine kinase levels along with elevation in MB
isoform and Troponin markers T or I without development of new Q-waves. Target le-
sion revascularization was considered when there was stenosis in treated segment (5
mm proximal and 5 mm distal edges). Target vessel revascularization was considered
when there was stenosis in any segment of the treated vessel and had to undergo revas-
cularization with either PCI or coronary artery by-pass grafting (CABG). Stent throm-
bosis (ST) was considered acute when it occurred within 24 hours, sub-acute when it
occurred between 1 and 30 days, and late when it occurred after 30days. The “definite”
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stent thrombosis was counted when it was detected angiographically. If the patient had
a target vessel-related MI or died of a coronary event, it was “probable”, and “possible”

if any unexplained death occurred from 30 days after intracoronary stenting.

2.6. Follow-Up

Patients were followed-up at 30-days (+ 7 days window period) by telephonic conversa-
tion. Long term follow-up is planned at six-months, one-year and then every year upto
five-years. Follow-up data relating to current clinical status, prior hospitalization and

occurrence of any of the aforementioned adverse events were collected.

2.7. Statistical Analysis

Continuous variables are presented as mean + standard deviation and categorical va-
riables are presented as counts and percentages. All data were analysed using the Sta-

tistical Package for Social Sciences (SPSS; Chicago, IL, USA) program, version 15.

3. Results
3.1. Baseline Demographics and Clinical Characteristics

A total of 340 patients (58.7 £ 10.5 years), who successfully underwent intervention
with the Everoflex everolimus-eluting coronary stent system, were enrolled in the
study. Out of 340 patients, 265 (77.9%) were male indicating their predominance. Com-
orbidities like hypertension and diabetes mellitus were observed in 120 (35.3%) and 106
(31.2%) patients, respectively. Detailed risk factors, cardiac history of enrolled patients

and clinical presentation are outlined in Table 1.

3.2. Lesion and Procedural Characteristics

A total of 395 lesions were intervened successfully with 447 stents having an average
stent length and diameter of 26.9 + 9.4 mm and 2.9 + 0.3 mm, respectively. According
to ACC/AHA classification, there were 210 (53.2%) and 136 (34.4%) type C and type B
lesions, respectively. There were 197 (57.9%) multivesssel diseases and 61 (15.4%) total
occlusion. This clearly indicates complex and high-risk patient involvement. Lesion and

procedural characteristics are described in Table 2.

3.3. Clinical Outcomes

The acute and preliminary result at 30-days follow-up demonstrated MACE rate of 5
(1.5%), which constituted 4 (1.2%) cardiac death and 1 (0.3%) target lesion revasculari-

zation. The clinical outcomes at 30-days are shown in Table 3.

4. Discussion

Everolimus, although believed to have less affinity for its receptor FKBPI12, it has
shown similar or better efficacy, as compared to other limus-eluting stents, to inhibit
smooth muscle proliferation [12]. It is slightly more lipophilic as compared to its ana-

logue, sirolimus. It readily gets absorbed in the arterial walls and gets stored in the fatty
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Table 1. Baseline demographics and clinical characteristics.

Characteristics n = 340 patients

Demographic characteristics

Age, years (mean + SD) 58.7 £10.5
Male, n (%) 265 (77.9%)
Risk factors

Current smoking, n (%) 125 (36.7%)
Hypertension, n (%) 120 (35.3%)
Dyslipidemia, n (%) 107 (31.4%)
Diabetes mellitus, n (%) 106 (31.2%)
Family history, n (%) 56(16.5 %)
Cardiac history

Prior M1, n (%) 13 (3.8%)
Prior CABG, n (%) 4(1.2%)
Prior PCI, n (%) 15 (4.4%)
Prior Stroke, n (%) 2 (0.6%)
Clinical presentation

Stable angina, n (%)
Unstable angina, n (%)
STEMI, n (%)

NSTEM]I, n (%)

130 (38.2%)
68 (20.0%)
56 (16.5%)

86 (25.3%)

membranes and plaque tissues closed to injury site. Thus, everolimus in association
with biodegradable polymer matrix is an effective combination which can significantly
reduce smooth muscle cell proliferation without delayed healing or impaired endo-
thelization [13]. This effectiveness of biodegradable polymer coated everolimus-eluting
stents is evidenced in reports of meta-analysis comparing everolimus eluting stents di-
rectly with sirolimus-eluting stents [9] [14] [15]. It demonstrated significant superiority
of everolimus-eluting stents with regards to stent thrombosis and repeat revasculariza-
tion.

Moreover, many preclinical and clinical studies have demonstrated the effect of stent
thickness and flexibility on vessel injury and degree of healing, with thinner strut lead-
ing to decreased incidence [16] [17]. Additionally, the chance of stent thrombosis in-
creases with thicker struts due to presence of higher stent material in the vessel [18]
[19].

Thus, the unique features of Everoflex coronary stent system, which involve ever-
olimus as an immunosuppressive agent, biodegradable polymer and strut thickness as
low as 60 uis a perfect combination which accounts for its optimum result. The pre-
liminary results are favorable with only 0.3% chances of stent thrombosis and target le-

sion revascularization. Low incidence of stent thrombosis, which is a major concern,
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Table 2. Lesion and procedural characteristics.

Patients, n = 340

Characteristics )
Lesions, n = 395

Target vessel location

Left main artery, n (%) 1(0.3%)

Left anterior descending artery, n (%) 208 (52.7%)
Left circumflex artery, n (%) 80 (20.3%)
Right coronary artery, n (%) 106 (26.8%)

Lesion classification (ACC/AHA score)

Type A, n (%) 49 (12.4%)
Type B1, n (%) 68 (17.2%)
Type B2, n (%) 68 (17.2%)
Type C, n (%) 210 (53.2%)
Disease severity

Multivesssel disease, n (%) 197 (57.9%)
Total occlusion, n (%) 61 (15.4%)
Total number of stent, n 447
Number of stents per patient, mm (mean + SD) 1.3+0.6
Number of stents per lesion, mm (mean + SD) 1.1 +0.4
Average stent length, mm (mean + SD) 269 +9.4
Average stent diameter, mm (mean * SD) 2.9+0.3

Table 3. Clinical outcomes at 30 days follow-up.

Outcomes 30 days follow-up
Death, n (%) 4(1.2%)
Cardiac death, n (%) 4 (1.2%)
Non-cardiac death, n (%) 0 (0)
Myocardial infarction, n (%) 0 (0)
Target lesion revascularization, n (%) 1(0.3%)
Target vessel revascularization, n (%) 0 (0%)
Overall stent thrombosis, n (%) 1(0.3%)
Definite stent thrombosis, n (%) 1(0.3%)
Probable stent thrombosis, n (%) 0 (0%)
Possible stent thrombosis, n (%) 0 (0%)
Major adverse cardiac events, n (%) 5(1.5%)

has been reported with newer generation everolimus eluting stents [6]. This is in con-
sistence with our study at 30-day follow-up. Moreover, one of the meta-analysis by
Palmerini et a/ demonstrated that everolimus-eluting stents with cobalt chromium plat-
form and more thinner and biodegradable layer were associated with significantly lo-
wered risk for definite ST as compared to bare metal stents(OR 0.35, 95% CI 0.17 -
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0.69) and paclitaxel-eluting stents (OR 0.34, 95% CI 0.19 - 0.62) [7]. However, the long
term follow-up of our study will give better understanding of the benefits related to re-

duction in target lesion revascularization and late and very late stent thrombosis.

5. Study Limitations

The major limitation of the study is its retrospective “all-comers” design with mini-
mum inclusion and exclusion criteria leading to inconsistencies and deviation in the
outcomes. Moreover, follow-up time of enrolled patients is quite short. Long-term fol-

low-up is needed to ensure further safety and clinical performance of the study stent.

6. Conclusion

The low incidence of MACE and stent thrombosis clearly depicts excellent safety and
clinical performance of the Everoflex in unselected “real-world” patients with coronary

artery disease.
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