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Abstract 
Background: Though drug-eluting stent is widely used during coronary angioplasty, 
still there are conditions in which bare metal stents possess a priority role. Objec-
tives: The aim of FLEXUS study is to investigate the safety and efficacy of Flexin-
nium stent in unselected real-life patients. Methods: The FLEXUS is a single-centric, 
observational, non-randomized, retrospective study performed from January to Au-
gust 2014 in 216 patients who received Flexinnium stent. The end-point of study in-
cluded device-oriented and patient-oriented clinical outcomes as per Academic Re-
search Consortium consensus. These end-points were observed at in-hospital stay 
and 12-month follow-up. Results: Of 216 patients, 174 (80.6%) patients were male; 
there were 76 (35.2%) and 84 (38.9%) patients of diabetes and hypertension, respec-
tively. Type B2 and C lesions accounted for 27 (11.3%) and 122 (50.8%), respectively. 
A total of 241 Flexinnium stents were implanted with an average diameter and length 
of 2.7 ± 0.2 mm and 21.6 ± 8.0 mm, respectively. The cumulative device-oriented 
composite at 12-month follow-up included 2.31% cardiac death, 1.39% myocardial 
infarction (MI) attributed to the target vessel, and 3.70% target lesion revasculariza-
tion (TLR). Conclusion: FLEXUS study gives an idea about favorable safety and ef-
ficacy of the Flexinnium in unselected real-life patients with both simple and com-
plex coronary lesions. 
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1. Introduction 

Percutaneous coronary intervention (PCI) with stenting has escalated as the most 
common method of myocardial revascularization [1]. The use of coronary stents has 
surged primarily due to increased efficacy of stents as compared to balloon angioplasty. 
The coronary stents provide better short- and long-term outcomes as well as improved 
safety and efficacy of PCI by reducing abrupt or threatened vessel closure and curtailing 
restenosis when weighed against balloon angioplasty [2] [3]. Although drug-eluting 
stents are widely used for the treatment of patients with coronary artery disease, bare- 
metal stents (BMS) are still useful in some situations, especially in patients with con-
traindication to prolonged antiplatelet therapy [4]. 

The Flexinnium (Sahajanand Medical Technologies Pvt. Ltd., Surat, India) coronary 
stent system includes L605 Cobalt Chromium alloy (Co-Cr alloy) stent located on bal-
loon catheter between two radiopaque markers. The Flexinnium Co-Cr coronary stent 
is intended to improve coronary luminal diameters as an adjunct to coronary interven-
tions. These being bare metal stents are intended as permanently implanted devices. 
They are characterized by their excellent corrosion resistance, high ductility, and high 
modulus of elasticity. The corrosion resistance of Co-Cr alloy is better than stainless 
steel. Because of the carbide in Co-Cr alloy structure, it has excellent wear resistance in 
comparison to stainless steel. Thus, the aim of FLEXUS study is to investigate the safety 
and efficacy of Flexinnium stent in unselected real-life patients undergoing coronary 
angioplasty. 

2. Methods 
2.1. Study Design and Patient Population 

The FLEXUS is a single-centric, observational, non-randomized, retrospective study 
conducted to validate the performance of Flexinnium coronary stent system in the 
real-life unselected patients. Between January and August 2014, 216 consecutive pa-
tients, who received Flexinnium stent, were enrolled in the study. The study was con-
ducted in accordance with the Declaration of Helsinki and country-specific regulatory 
requirements. All patients signed informed consent form which was reviewed and ap-
proved by the Institutional ethical committee of the centre.  

The inclusion criteria for the study were: patients of age 18 years or above; patients 
who had stable or unstable angina or acute recent myocardial infarction; patients who 
were undergoing coronary intervention with the study stent during January to August 
2014. The patients were excluded if they refused to give written informed consent or if 
they had any known allergy to aspirin, clopidogrel, ticlopidine, heparin and cobalt 
chromium.  

2.2. Description of the Study Stent 

The Flexinnium coronary stent system consists of L605 Co-Cr alloy located on balloon 
catheter between two radiopaque markers. Cobalt-chromium alloy has high tensile 
properties making possible thinner struts without decreasing radial strength. The alloy 
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has been chosen for its biocompatibility, radiopacity, strength, non-ferromagnetism, 
and high corrosion resistance. Flexinnium stent is developed with a highly flexible 
“S-link” which allows the stent to be more flexible hence more deliverable while it tra-
vels through vessels at the time of implant (Figure 1). Thickness of the strut is 60 μm. 
Flexinnium stent is available in lengths of 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48 mm 
and available diameters are 2.0, 2.25, 2.5, 2.75, 3.0, 3.5, 4.0 and 4.5 mm. Flexinnium stent 
is majorly indicated for improving coronary luminal diameter in the following: patients 
with symptomatic ischemic heart disease (IHD) due to discrete de novo native coronary 
artery lesions; patients with symptomatic IHD due to lesions in saphenous vein bypass 
grafts; restoring coronary flow in patients experiencing acute myocardial infarction. 

2.3. Interventional Procedure and Adjunctive Medications 

All patients received a loading dose of 300 mg of aspirin and clopidogrel (300 mg) or 
prasugrel (60 mg) or ticagrelor (two tablets of 90 mg each). The procedural anticoagu-
lation was brought about with heparin. However, the intra-procedural administration 
of glycoprotein IIb/IIIa-inhibitor was at the investigator’s preference. The procedure 
was performed according to the standard treatment guidelines of centre. All the pa-
tients received dual antiplatelet therapy (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. 

2.4. Endpoints of the Study 

The endpoints of the study were as per Academic Research Consortium (ARC) con-
sensus that suggested two composite endpoints, one that was device-oriented and 
another for overall patient-oriented clinical outcomes. The device-oriented composite 
includes cardiac death, myocardial infarction (MI) attributed to the target vessel, and 
target lesion revascularization (TLR). The broader patient-oriented composite out-
comes include all-cause mortality, any MI, and any revascularization, includes target 
vessel revascularization (TVR) or revascularization of nontarget vessels. The occur-
rence of stent thrombosis (ST) was also analyzed according to ARC. Moreover, occur-
rence of in-stent restenosis (ISR) was also assessed. 

 

 
Figure 1. Unique flexible S-link of Flexinnium stent. 
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2.5. Definitions of Endpoints and Clinical Events 

Deaths were classified as cardiac or non-cardiac death. Any death as a result of unde-
termined cause was reported as cardiac death. MI was diagnosed on the basis of the de-
velopment of new Q-waves of more than 0.04 seconds in two or more contiguous leads, 
accompanied by a significant increase in the creatine kinase or MB isoform or troponin 
I or T levels; non-Q wave infarction was diagnosed as an increase in the creatine kinase 
level to more than three times the upper limit of the normal range with an accompany-
ing elevation in the MB isoform or troponin I or T levels without development of 
new-Q-waves. A TLR was considered when there was restenosis or reocclusion within 
the stent or in adjacent 5 mm of distal or proximal segment. A TVR is defined as any 
repeat percutaneous intervention or surgical bypass of any segment of the target vessel. 
A ST was considered acute when it occurred within 24 hours, sub acute when it oc-
curred between 1 and 30 days, and late when it occurred between 30 days and 1 year. A 
“Definite” ST was defined by symptoms suggestive of an acute coronary syndrome and 
angiographic or pathologic confirmation of stent thrombosis. A “Probable” ST was de-
scribed as unexplained death within 30 days or target vessel myocardial infarction 
without angiographic confirmation of stent thrombosis. A “Possible” ST was defined as 
any unexplained death after 30 days [5]. 

2.6. Follow-Up 

All patients underwent 12-month follow-up. Clinical follow-ups or telephonic conver-
sation were scheduled at 12-month. Follow-up data were collected pertaining to current 
clinical status, prior hospitalisation and occurrence of any of the aforementioned ad-
verse events. Further follow-up is scheduled to be taken at 24-month. 

2.7. Statistical Analysis 

Statistical analysis was performed with the use of Statistical Package for Social Sciences 
(SPSS; Chicago, IL, USA) program, version 15. The event-free survival curve was calcu-
lated according to the Kaplan-Meier method. Continuous variables are presented as 
mean ± standard deviation (SD) and categorical variables as counts and percentages. 

3. Results 
3.1. Baseline Demographics and Lesion Characteristics 

A total of 216 patients were enrolled in the study. The basic demographic details of the 
patients are outlined in Table 1. The mean age was 54.4 ± 9.8 years; male gender rep-
resented 174 (80.6%) patients; there were 76 (35.2%) and 84 (38.9%) patients of diabe-
tes and hypertension, respectively. The most prevalent clinical presentation was ante-
rior wall MI in 92 (42.6%) patients, followed by inferior wall MI in 75 (34.7%) patients. 
Left anterior descending artery involvement was found in 122 (50.8%) lesions. Type B2 
and C lesions accounted for 27 (11.3%) and 122 (50.8%) lesions, respectively. There 
were 81 (33.8%) lesions with total occlusion. A total of 241 Flexinnium stents were im-
planted (1.1 ± 0.3 stents per patient) with an average diameter and stent length of 2.7  
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Table 1. Baseline demographic characteristics. 

Characteristics Flexinnium (216 patients) 

Age (mean ± SD, yrs) 54.4 ± 9.8 

Male, n (%) 174 (80.6%) 

Cardiovascular risk 

Diabetes mellitus, n (%) 76 (35.2%) 

Hypertension, n (%) 84 (38.9%) 

Tobacco chewer, n (%) 58 (26.9%) 

Smoker, n (%) 79 (36.6%) 

Previous stroke, n (%) 8 (3.7%) 

Previous MI, n (%) 15 (6.9%) 

Previous PCI, n (%) 5 (2.3%) 

Clinical presentation 

Anterior wall MI, n (%) 92 (42.6%) 

Inferior wall MI, n (%) 75 (34.7%) 

Non ST-elevation MI, n (%) 15 (6.9%) 

Stable angina, n (%) 15 (6.9%) 

Unstable angina, n (%) 19 (8.8%) 

MI—Myocardial Infarction; PCI—Percutaneous Coronary Intervention. 
 

± 0.2 mm and 21.6 ± 8.0 mm, respectively. The lesion and angiographic procedural de-
tails are summarized in Table 2. 

The factors that probably affect the outcomes subsequent to the implantation of 
Flexinnium in this study are diabetes, hypertension, smoking, presence of MI, and type 
of lesions. Diabetes and hypertension were prevalent in 35.2% and 38.9% patients, re-
spectively. 36.6% patients were smokers. 77.3% patients presented with MI and 50.8% 
patients had type C lesions. 

3.2. Clinical Outcomes 

There were no in-hospital events in any of the patients. At 12-month follow-up, the de-
vice-oriented composite included cardiac death in 5 (2.31%) patients, MI attributed to 
the target vessel in 3 (1.39%) patients, and TLR in 8 (3.70%) patients. The patient- 
oriented composite constituted all-cause mortality in 6 patients, any MI in 3 patients, 
and any revascularization in 10 patients. There were two cases of TVR. The occurrence 
of ST was found in 7 patients. Of 7 patients with ST, one had acute ST, 6 had late ST; 
moreover, 3 had definite ST and 4 had probable ST. ISR occurred in 4 patients. The de-
tailed clinical outcomes of the study are outlined in Table 3. Figure 2 illustrates cumu-
lative incidences of cardiac death, MI and TLR at 12-month follow-up. One patient had 
stroke and one had gross gastrointestinal bleed requiring blood transfusion after 6 
months. Long term follow-up of the study would further confirm safety and efficacy of 
the stent. 



D. Rajasekhar et al. 
 

347 

4. Discussion 

The present era has evolved with the sky-scraping use of PCI for treating coronary ar-
tery disease. DES has been commonly used in diverse conditions. The pervasive accep- 

 
Table 2. Lesion and procedural characteristics. 

Characteristics Patients = 216/Lesions = 240 

Lesion location  

Left anterior descending, n (%) 122 (50.8%) 

Right coronary artery, n (%) 68 (28.3%) 

Left circumflex, n (%) 50 (20.8%) 

ACC/AHA lesion classification  

A, n (%) 34 (14.2%) 

B1, n (%) 57 (23.8%) 

B2, n (%) 27 (11.3%) 

C, n (%) 122 (50.8%) 

No. of diseased vessels  

Single vessel disease, n (%) 168 (77.8%) 

Double vessel disease, n (%) 48 (22.2%) 

Total occlusion, n (%) 81 (33.8%) 

Total no. of stent N = 241 

No. of stents per patient, (mean ± SD, mm) 1.1 ± 0.3 

No. of stents per lesion, (mean ± SD, mm) 1.0 ± 0.1 

Average stent length, (mean ± SD, mm) 21.6 ± 8.0 

Average stent diameter, (mean ± SD, mm) 2.7 ± 0.2 

ACC/AHA—American College of Cardiology/American Heart Association. 
 

Table 3. Cumulative clinical outcomes up to 12-month (n = 216). 

Device-oriented composite outcomes 

Cardiac death, n (%) 5 (2.31%) 

MI (attributed to the target vessel), n (%) 3 (1.39%) 

Target lesion revascularization, n (%) 8 (3.70%) 

Patient-oriented composite outcomes 

All-cause mortality, n (%) 6 (2.78%) 

Any MI (includes nontarget vessel territory), n (%) 3 (1.39%) 

Any repeat revascularization (includes all target and nontarget vessel), n (%) 10 (4.62%) 
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Figure 2. Cumulative incidences of (a) cardiac death, (b) MI and (c) 
TLR at 12-month follow-up. 
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tance of DES and their corresponding low restenosis rates [6] might dwindle the clini-
cal relevance of BMS. Nevertheless, BMS has worked its way up to be recognised in 
various indications like: large vessel diameter; ST-segment elevation myocardial infarc-
tion; advanced age; concomitant oral anticoagulant treatment; increased bleeding risk, 
cancer, or anemia; planned non-cardiac surgery within the next year; and anticipated 
poor DAPT compliance [7].  

Moreover, various clinical scenarios favor BMS over DES. These are: patients in 
whom non elective surgery may be required; expected poor compliance with dual-an- 
tiplatelet therapy; intolerance/allergy to aspirin or clopidogrel/prasugrel/ticagrelor; 
bleeding risk; contraindication for long-term anticoagulation [8]. 

In the present study, patient population treated with Flexinnium stent, had higher 
rates of hypertension (38.9%) and diabetes (35.2%) and 36.6% were smokers. Anterior 
and inferior wall MI was present in 42.6% and 34.7% patients, respectively. Left ante-
rior descending artery involvement was found in 122 (50.8%) lesions. It has been re-
ported that presence of diabetes mellitus, complex lesions and left anterior descending 
artery along with other angiographic factors are predictive of development of 6-month 
in-stent restenosis [9], such that majority of LAD involvement adds to the possibility of 
increased risk in patients included in the present study. In present study type B2 and C 
lesions accounted for 27 (11.3%) and 122 (50.8%) lesions, respectively. Literature states 
that plaque burden and lesion length is directly related to complex lesion severity, as 
categorized according to American College of Cardiology/American Heart Association 
(ACC/AHA) classification. A long lesion, with considerable plaque burden, is a primary 
source of smooth muscle cells that then proliferate and form neointima [10] [11]. The 
combination of these factors makes the study population atypically complex. In spite of 
such complications, cumulative device-oriented composite at 12-month follow-up in-
cluded 2.31% cardiac death, 1.39% MI attributed to the target vessel, and 3.70% TLR. 

Various factors have contributed for such low event rates in present study, these are: 
strut thickness and large vessels. It has been reported that strut thickness has been re-
vealed to be an imperative determinant of the long-term restenosis rate [12]. Numerous 
comparative studies have established that stents with thinner struts appreciably reduce 
the incidence of restenosis by ≤40% relative to thicker strut devices [13]-[15]. In 
present study, the strut thickness was 60 μm, which contributed for lower rates of ad-
verse events in patients. Moreover, there is an inverse relationship between vessel size 
and the incidence of adverse clinical outcomes after PCI with the use of BMS [16]. It 
has been reported that patients with small vessels have a higher incidence of restenosis 
following stent implantation than patients with large vessels [17]. In our study, large 
vessels were included with incorporation of stents of large diameter, which also led to 
lower incidence of events. 

Previously, the CLASS study [12] reported 1.5% death, 3.0% MI and 9.4% TLR at 
6-month on using Medtronic Driver stent in patients with stable and unstable angina. 
Moreover, another study used Guidant Vision Multi-Link stent which reported rates of 
any MI, death, TLR, and TVR to be 0.8%, 1.2%, 4.3%, and 0.8%, respectively 6-month 
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follow-up [18]. In a study by Yamaji et al., at 14 months after BMS implantation, rate of 
MI, cardiac death, and TLR was found to be 0.5%, 3.2%, and 16.1%, respectively [19]. 
In ICAS registry, which included STEMI patients who underwent PCI in large coronary 
arteries, all cause death, MI, ST and TVR at a median follow-up of 12 months following 
BMS implantation were 4.35%, 0%, 1.57% and 18.9%, respectively [20]. The results ob-
served in the present study are comparable to those obtained in previous studies.  

DESs have consistently abated restenosis rates compared to BMS and must be the 
treatment of choice for patients who are at high risk of restenosis. On the other hand, 
BMS remain a valuable alternative to DES in large vessels and in conditions of clinical 
contraindication to prolonged dual-antiplatelet therapy. 

Study Limitations 

The present study suffers a limitation that, the number of patients was low in compari-
son to other studies, so further studies on a larger number of patients are warranted. 

5. Conclusion 

The use of Flexinnium is associated with lower incidence of adverse events at 12-month 
follow-up. Thus, the FLEXUS study gives an idea about favorable safety and efficacy of 
the Flexinnium in unselected real-life patients with both simple and complex coronary 
lesions. 
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