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Abstract
Introduction: Tetrilimus (Sahajanand Medical Technologies Pvt. Ltd., Surat, India)
is a recently-introduced biodegradable-polymer coated everolimus-eluting cobaltchromium coronary stent system with an ultra-thin strut thickness. We aimed to
evaluate the clinical outcomes with Tetrilimus coronary stents in “real-world” patients with coronary artery disease. Methods: In this retrospective, single-arm, openlabel, multi-center registry, all consecutive patients who received Tetrilimus stents
between July-2015 and April-2016 at two tertiary-care centers in India were analyzed.
Primary endpoint was 30-day incidence of major adverse cardiac events (MACE), defined as a composite of cardiac death, myocardial infarction, target lesion revascularization, and target vessel revascularization. The Academic Research Consortium
(ARC)-defined stent thrombosis was assessed as additional safety endpoint. Results:
During the study period, 280 Tetrilimus stents (1.4 ± 0.5 stent/patient) were implanted to treat 252 coronary lesions (1.1 ± 0.3 stent/lesion) in 208 patients (age: 57.5
± 11.9 years). Of study population, 65.9% were males, 46.6% were hypertensives, 25%
were diabetics, 36.5% were alcoholics, 29.3% were smokers, 13.9% were tobacco
chewers, 5.3% had previous revascularization, and 45.2% displayed multi-vessel disease. Of treated lesions, 67.5% were complex and 18.7% had total occlusion. Average
length and diameter of implanted stents were 25.5 ± 8.8 mm and 2.9 ± 0.3 mm respectively. Subsequently, 30-day MACE were reported in 2 (0.96%) patients; both
cases owing to in-hospital cardiac deaths. Events of stent thrombosis or noncardiac
death were not reported in any patient. Conclusion: Low MACE rates and absence
of stent thrombosis at early 30-day follow-up indicates that Tetrilimus everolimus-
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eluting stents may have encouraging safety and efficacy in unselected “real-world”
patients with coronary artery disease.

Keywords
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Stent, Ultra-Thin Strut, Major Adverse Cardiac Event, Stent Thrombosis

1. Introduction
Drug-eluting stents (DES) are milestone development in the field of interventional cardiology, due to their ability to reduce the risk of restenosis and repeat revascularization
after percutaneous coronary intervention [1]. However, delayed stent thrombosis (ST)
and restenosis remains a significant concern in patients treated with DES implantations, particularly with DES having permanent polymers [2] [3] [4]. Biodegradable polymers have been developed as an answer to this concern. These polymers afford a controlled release of anti-restenotic agents and gradual degradation of the coating, which
ultimately provide the safety of bare-metal stents and the efficacy of DES after stenting
[5] [6]. In addition, the role of strut thickness has also been considered to play a major
role in clinical outcomes after DES implantation. The conventional stents comprised
thick strut platforms, which have been implicated in worse vessel response to the mechanical trauma induced by the dilation process [7] [8]. Progressively, thinner strut
stents have been developed to enhance the biocompatibility of these stents [8] [9]. Based
on this consideration, DES with ultra-thin strut design and biodegradable polymer coatings have been developed in recent years. Tetrilimus everolimus-eluting coronary stent
(Sahajanand Medical Technologies Pvt. Ltd., Surat, India) is one such novel DES with
biodegradable polymer coating, designed using an ultra-thin (60 μm) cobalt-chromium
stent platform. The present registry was designed to assess the short-term and longterm clinical outcomes of the Tetrilimus everolimus-eluting coronary stent in a realworld patient population. In the present report, we present a preliminary report of 30day outcomes with study stent.

2. Methods
2.1. Study Design and Patient Population
This was a retrospective, singe-arm, multi-center study conducted at Sunshine Heart
Institute, Secunderabad, India and at Chalmeda Anandrao Institute of Medical Sciences, Karimnagar, India. The present study report included examination of consecutive
patients diagnosed with significant coronary lesions and who underwent PCI with Tetrilimus coronary stent system between July-2015 and April-2016. Inclusion criteria
comprised all patients who received at least one Tetrilimus everolimus-eluting stent
and a willingness to sign informed consent. No additional clinical or angiographic exclusion criteria were defined. In brief, the inclusion criteria included: 1) patients aged ≥
459
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18 years; 2) patients undergoing PCI with at least one Tetrilimus everolimus-eluting
coronary stent; 3) patients who offered a signed informed consent for data release; and
4) patients with geographical stability and willingness to participate at all follow-up assessments. Exclusion criteria included 1) patient who received more than one stent,
which is not a Tetrilimus everolimus-eluting coronary stent within the same/other vessel during index procedure or 6 months prior to index procedure; 2) pregnant patients;
3) patients with known intolerance to aspirin, clopidogrel, ticlopidine, heparin or any
other anticoagulation/antiplatelet therapy required for PCI; 4) patients with known allergy to cobalt-chromium, everolimus or contrast media; 5) patients undergoing planned CABG or additional PCI within the first 6 months after the procedure; 6) patients
currently participating in another study for which the primary endpoint is not reached
yet. Written informed consents were obtained from each enrolled patient. The study
protocol was approved by the Institutional Ethics Committee and the study conformed
to the principles of good clinical practice [10] and the Declaration of Helsinki [11].

2.2. Description of Study Stent
Tetrilimus (Sahajanand Medical Technologies Pvt. Ltd., India) is a novel everolimuseluting coronary stent that combine a L605 cobalt-chromium alloy stent platform with
ultra-thin (60 µm) strut thickness (Tetrinium; Sahajanand Medical Technologies Pvt.
Ltd., India), everolimus drug, and biodegradable drug-carrier polymers. The stent is
coated on the conformal surface at a concentration of 1.0 µg/mm2 everolimus drug,
blended together with biodegradable drug-carrier polymeric matrix of poly-L-lactide,
poly L-lactide-co-caprolactone, and polyvinyl pyrrolidone, which controls the release of
drug from stent coating. The drug release profile of Tetrilimus stent (Figure 1) suggests
that nearly 80% of everolimus drug is released within one month, while remaining drug
is programmed to get released at a slow rate for about 3 months. In addition, the biodegradable polymers retain their properties for a limited period of time and then gradually undergo hydrolysis to degrade into biologically acceptable molecules that are metabolized and removed from the body via normal metabolic pathways. The average
coating thickness of Tetrilimus stent is between 3 and 4 µm. The scanning electron microscopy images of sterile crimped stents and expanded stents shows a smooth and
uniform coating surface, without any coating anomalies and defects such as webbing,
bridging, and strut-to-strut contact, even after expansion of the stent (Figure 2). During the study period, Tetrilimus everolimus-eluting coronary stent was made available
in lengths of 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48 mm and diameters of 2.00, 2.25, 2.50,
2.75, 3.00, 3.50, 4.00, 4.50 mm.

2.3. Data Collection and Patient Follow-Up
Demographic data including age, gender, traditional coronary risk factors, past medical
history, and clinical presentation were collected for all patients from hospital records.
Details of affected lesions and implanted stents were collected from angiography and
angioplasty reports. Adverse events, angina status, and cardiovascular medication in460
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Figure 1. In-vitro drug release profile of Tetrilimus stent.

Figure 2. SEM images of (A) crimped Tetrilimus stent and (B) expanded Tetrilimus stent.

take were assessed during hospital stay. In addition, clinical follow-ups were ascertained at 30 days of stent implantation for all patients.

2.4. Study Endpoints
The primary endpoint of the study was major adverse cardiac event (MACE), deﬁned
as a composite of cardiac death, myocardial infarction, target lesion revascularization,
and target vessel revascularization. The secondary endpoints included non-cardiac
death in addition to all of the separate components of the primary endpoint. Events of
stent thrombosis were determined as additional safety endpoint, which were classified
in to definite, probable, and possible stent thrombosis based on the criteria defined by
the Academic Research Consortium (ARC) [12].

2.5. Statistical Analysis
Continuous variables are presented as mean ± standard deviation, while categorical variables are presented as frequency and percentages. All data were analyzed using the
461
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Statistical Package for Social Sciences (SPSS; Chicago, IL, USA) program, version 15.

3. Results
3.1. Demographic Characteristics
A total of 208 patients were investigated in the present report. Demographic characteristics are summarized in Table 1. In brief, the mean age of these patients was 57.5 ±
11.9 years, and the study population was predominantly male (n = 137; 65.9%). Diabetes mellitus, hypertension, smoking, tobacco chewing, and alcoholism were present
in 52 (25%), 97 (46.6%), 132 (60.8%), 61 (29.3%), 29 (13.9%), and 76 (36.5%) patients
respectively. In addition, 11 (5.3%) patients had undergone PCI previously.

3.2. Angiographic and Procedural Characteristics
A total of 280 Tetrilimus everolimus-eluting stents (1.4 ± 0.5 stent/patient) were implanted to treat 252 coronary lesions (1.1 ± 0.3 stent/lesion) in the study population.
Overall details of lesion and stent characteristics are described in Table 2. About 114
(54.8%) patients displayed single-vessel coronary disease. Majority of culprit lesions
were found in left anterior descending artery (48%) followed by right coronary artery
(33.3%) and left circumflex artery (18.7%). Of treated lesions, 170 (67.5%) were complex (i.e. Type B2/C) and 47 (18.7%) had total occlusion. The average length and diameter of implanted Tetrilimus everolimus-eluting stents were 25.5 ± 8.8 mm and 2.9 ±
0.3 mm respectively.

3.3. Clinical Outcomes
The clinical outcomes during in-hospital and at 30-day follow-up are given in Table 3.
It was observed that 2 (0.96%) patients suffered cardiac death during hospital stay. No
Table 1. Baseline characteristics for patients implanted with Tetrilimus stents.
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Demographic details

208 patients

Age (years), mean ± SD

57.5 ± 11.9

Male, n (%)

137 (65.9)

Diabetes mellitus, n (%)

52 (25)

Hypertension, n (%)

97 (46.6)

Hypercholesterolemia, n (%)

0 (0)

Smoking, n (%)

61 (29.3)

Tobacco chewing, n (%)

29 (13.9)

Alcoholism, n (%)

76 (36.5)

Family history of coronary artery disease, n (%)

0 (0%)

Previous MI, n (%)

0 (0%)

Previous CABG, n (%)

0 (0%)

Previous PCI, n (%)

11 (5.3%)

Previous stroke, n (%)

1 (0.5%)
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Table 2. Lesion and stent characteristics for patients implanted with Tetrilimus stents.
Characteristics

208 patients/ 252 lesions

Disease vessel (208 patients)
Single-vessel disease, n (%)

114 (54.8)

Double-vessel disease, n (%)

82 (39.4)

Triple-vessel disease, n (%)

12 (5.8)

Target coronary artery (252 lesions)
Left anterior descending artery, n (%)

121 (48)

Right coronary artery, n (%)

84 (33.3)

Left circumflex artery, n (%)

47 (18.7)

Lesion details (252 lesions)
Type A*, n (%)

17 (6.7)

Type B1*, n (%)

65 (25.8)

Type B2*, n (%)

44 (17.5)

Type C*, n (%)

126 (50.0)

Total occlusion, n (%)

47 (18.7)

Stent details (280 stents)
No. of stents deployed per patient, mean ± SD

1.3 ± 0.5

No. ofstents deployed per lesion, mean ± SD

1.1 ± 0.3

Stent length (mm), mean ± SD

25.5 ± 8.8

Stent diameter (mm), mean ± SD

2.9 ± 0.3

*According to American College of Cardiology (ACC)/American Heart Association (AHA) lesion morphology criteria.

Table 3. Clinical outcomes for 208 patients implanted with Tetrilimus stents.
Demographic details

In-hospital

At 30-day follow-up

Death from any cause, n (%)

2 (0.96%)

2 (0.96%)

Cardiac death, n (%)

2 (0.96%)

2 (0.96%)

Noncardiac death, n (%)

0 (0%)

0 (0%)

Myocardial infarction, n (%)

0 (0%)

0 (0%)

Target lesion revascularization, n (%)

0 (0%)

0 (0%)

Target vessel revascularization, n (%)

0 (0%)

0 (0%)

Overall stent thrombosis†, n (%)

0 (0%)

0 (0%)

Definite stent thrombosis, n (%)

0 (0%)

0 (0%)

Probable stent thrombosis, n (%)

0 (0%)

0 (0%)

Possible stent thrombosis, n (%)

0 (0%)

0 (0%)

Major adverse cardiac events, n (%)

2 (0.96%)

2 (0.96%)

According to the Academic Research Consortium (ARC) criteria.

†
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other major adverse cardiac events were reported till 30-day follow-up. The resultant
major adverse cardiac events at 30-day follow-up were noted in 2 (0.96%) patients. All
other patients remained stable and symptom-free at 30-day follow-up. Of significance,
event of ARC-defined stent thrombosis or noncardiac death was not reported in any
patient till 30-day follow-up.

4. Discussion
For this ongoing registry aimed at a long-term follow-up with Tetrilimus everolimuseluting stents, here we present a report of preliminary outcomes with Tetrilimus stents
at 30-day follow-up in 208 patients. We noted that the 30-day major adverse cardiac
events were reported in 2 (0.96%) patients; both cases owing to in-hospital cardiac
deaths. Further, the events of stent thrombosis or noncardiac death were not reported
in any patient. It should be noted that standardized definitions were used to define each
clinical outcome in the present study [12]. Further, the recruitment of consecutive patients along with minimal exclusion criteria facilitated a representation of “all-comers”
population in a “real-world” scenario. Further, the demographic and angiographic
characteristics of study population reflected a “real-world” scenario, representing a
high-risk population. We are of opinion that results of such registry would provide
valuable insights regarding the device performance and clinical outcomes in routine
clinical practice.
While inclusion of high-risk and complex patients may partly explain the incidents
of major adverse cardiac events in the present study, certain other factors including
strut thickness, nature of polymer matrix, and potency or elution kinetics of the antiproliferative drugs may also have a role in clinical outcomes [13]. The utility of biodegradable polymers in the Tetrilimus stent system is considered to reduce the risk of local inflammatory reaction and irritation in the target coronary vessel [13]. In addition
to this, Tetrilimus stent also offers advantages of cobalt-chromium stent platform with
uniform ultra-thin struts and highly flexible design, which may enhance the deliverability of the stent, particularly in complex and challenging lesions, leading to reduced
procedural complications [9]. Further, the Tetrilimus stent system comprises everolimus as an antiproliferative drug, which is most widely established among all antiproliferative drugs used in DES [14].
Everolimus is a macrocyclic lactone with antiproliferative and immunosuppressive
effects similar to sirolimus, but is more lipophilic, allowing rapid absorption into the
arterial wall at the site of vessel injury. Xience (Abbott Vascular, USA) and Promus
(Boston Scientific, USA) are the most commonly used everolimus-eluting coronary
stents worldwide [14]. Findings from various clinical studies have already indicated
that everolimus-eluting stents has bridged the long-term efficacy of first-generation sirolimus-eluting stents with a long-term safety profile similar to that of bare metal stents
[15]-[20]. The superior/non-inferior potency of everolimus drug against other antiproliferative drugs has been well-defined in numerous studies [19] [20] [21] [22]. Further,
everolimus-eluting stents have demonstrated excellent long-term results in a wide range
464
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of patients and lesions including those with diabetes [23], chronic total occlusion [24],
bifurcation lesion [25], small vessel lesion [26], and in-stent restenosis [27]. The encouraging safety and efficacy outcomes with everolimus-eluting coronary stents (Xience
V; Abbott Vascular, USA) are also established in a study of 1,000 Indian patients with
coronary artery disease. The study reported that 3.1% had composite endpoint of cardiac death and any myocardial infarction, while 0.51% patients had definite/probable
stent thrombosis through a 3-year follow up [28]. Likewise, we believe that the encouraging outcomes in the present study of novel Tetrilimus coronary stents could be due to
the use of everolimus as antiproliferative drug and other characteristic features including cobalt-chromium stent platform, ultra-thin strut thickness, and biodegradable polymers. Further follow-up is intended to confirm the long-term outcomes. It should also be noted that the present study was not sponsored by any industry.
Our study also bears certain limitations such as retrospective study design, absence of
comparative arm/control, and short follow-up period. Further, the intra-vascular ultrasound (IVUS) or optical-coherence tomography (OCT) data for precise estimation
of reference vessel diameter or detection of under expanded and malapposed stents
were not obtained due to the retrospective nature of the study and financial constricts.
Considering these limitations, findings of the present study should be interpreted with
caution. However, we believe that the present study provides useful insights about the
promising safety and efficacy of Tetrilimus everolimus-eluting coronary stents. Of note,
a long-term follow-up in larger sample population is ongoing.

5. Conclusion
Low incidence of major adverse cardiac events and absence of stent thrombosis at early
30-day follow-up indicates that Tetrilimus everolimus-eluting stents may have encouraging safety and efficacy in unselected real-world patients with coronary artery disease,
including those with high-risk characteristics and complex lesions.
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