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Abstract 
Background: The biodegradable polymer-coated sirolimus-eluting coronary 
stent (SES) system for the treatment of coronary artery disease (CAD) has 
been implanted in a real-world patient population. Aim: The present study 
was designed to evaluate the safety and performance of Metafor™ sirolimus- 
eluting coronary stent (SES) system in consecutive patients with CAD in a 
real-world patient population. Methods: All the consecutive 251 patients who 
underwent percutaneous coronary interventions with the use of Metafor siro-
limus-eluting stents were included in this study. Patients were clinically/tele- 
phonically followed-up at one-year from August 2015 to August 2016. We 
observed and analyzed major adverse cardiac event (MACE) defined as the 
aggregate of cardiac death, myocardial infarction (MI), and any target lesion 
revascularization (TLR) at one-year. Also, stent thrombosis (ST) was observed 
at one-year patients follow-up. Results: We collected and analyzed the data 
for 251 patients. Out of 251 participants, 191 (76.1%) were males, 95 (37.8%) 
patients had diabetes, 117 (46.6%) had ST-segment-elevation myocardial in-
farction (STEMI), and 134 (53.4%) had hypertension. Mean patient age was 
56.35 ± 11.23 years. A total of 295 lesions were treated, out of which 13.6% of 
the lesions were the long lesion of ≥40 mm. At one-year, MACE occurred in 4 
(1.6%) of 251 patients, consisting of 2 (0.8%) cardiac deaths, 2 (0.8%) MI, and 
0 (0%) TLR. Stent thrombosis was reported in one patient (0.4%). Conclu-
sions: This retrospective data demonstrated excellent safety and performance 
of Metafor SES in a “real-world” consecutive CAD patient, indicating low 
rates of MACE and ST at one-year follow-up. 
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1. Introduction 

Drug-eluting stents (DES) are broadly established for treatment of coronary ar-
tery disease (CAD) patients undergoing percutaneous coronary intervention 
(PCI) [1] [2] [3]. The DES has been used in diverse real-life clinical practice due 
to their ability to reduce restenosis rates and the need for repeat revasculariza-
tion [4] [5]. However, durable polymers in first-generation DES were linked 
with inflammation, vascular hypersensitivity reaction, late and very late stent 
thrombosis (ST) [5]. Therefore, efforts to prevent these risks have promoted the 
clinicians and stent industry to develop DES with biodegradable polymers with 
improved stent platforms, effective anti-restenosis drug, and polymer carriers 
[4]. Additionally, biodegradable polymers provide controlled release of anti- 
restenotic agents and slow degradation of the coating, which would have en-
hanced the safety and performance of DES [2] [6]. Thus, DES such as Metafor 
(CE approved) Sirolimus-eluting Coronary Stent (SES) (Meril Life Sciences Pvt. 
Ltd., Vapi, India) has been developed, which would reduce the risk of target le-
sion revascularisation (TLR) and stent thrombosis (ST). 

Metafor SES uses a formulation of low dose sirolimus (1.25 μg/mm2) timed to 
elute in approximately 30 - 40 days from a biodegradable polymer base which 
degrades simultaneously. Several studies of “limus family” have demonstrated 
excellent safety and performance in CAD patients in a real-world setting [7] [8] 
[9] [10]. 

In this retrospective study, we analyzed the 12 months results for 251 patients 
who participated in the study and were treated with Metafor. The primary end-
point was a major adverse cardiac event (MACE) at one-year defined as the ag-
gregate of cardiac death, myocardial infarction (MI), and target lesion revascula-
risation (TLR). The ST was also analyzed in this study. The present “Real-Life” 
study was undertaken to evaluate safety and performance of using Metafor™ 
stents in PCIs for the treatment of coronary artery disease (CAD) across a wide 
range of patients treated in routine clinical practice. 

1.1. Study Design and Patient Population 

This was a retrospective, single-center, observational, postmarketing study. We 
retrospectively collected and analyzed the data for 251 patients at the Sunshine 
Heart Institute, Secunderabad, Hyderabad, Telangana, India. The study popula-
tion included 251 patients, with single or multiple restenotic lesion(s) treated 
with the Metafor SES. This was a single-center study of consecutive patients who 
underwent stenting for the management of CAD using Metafor SES. The study 
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procedure, data collection, and analysis were performed for all study partici-
pants. The study was conducted in accordance with the Helsinki declaration and 
informed consent was obtained from all patients. This study was approved by 
Independent Ethics Committee (IEC). The clinical/telephonic follow-up was 
performed at the following time points: 6 months and 12 months after discharge. 

1.2. Device Description and Interventional Procedure 

The Metafor SES (Meril Life Sciences Pvt. Ltd., Vapi, India) is built on NexGen™, 
an ultrathin (65 μm) cobalt-chromium platform with a unique cell design com-
prising of an intelligent mix of open and close cells. The SES is coated with 1.25 
μg sirolimus/mm2 of stent surface area. The biodegradable polymer, which acts 
as a drug carrier, is a thin copolymer formulation combining two biodegradable 
components namely poly-L-lactic acid (PLLA) and poly(lactic-co-glycolic acid) 
(PLGA). The Metafor SES is available in sizes of 8, 13, 16, 19, 24, 29, 32, 37, 40, 
44, and 48 mm lengths and diameters of 2.00, 2.25, 2.50, 2.75, 3.00, 3.50, 4.00, 
and 4.50 mm. 

Coronary interventional procedures were carried out as per the cardiologist’s 
discretion. Every part of the postoperative medical care, together with dual anti-
platelet therapy and statins, were analyzed as per the cardiologist's discretion. 
Dual antiplatelet therapy (DAPT) including a loading dose of aspirin as per in-
vestigator’s discretion was received by all patients. Aspirin was given along with 
clopidogrel bisulfate. All patients were maintained on a daily therapeutic dose of 
75 mg of clopidogrel bisulfate for a minimum of 1-year. Aspirin ≥75 mg was 
continued throughout the length of the clinical investigation following index 
procedure, followed by lifelong aspirin treatment. 

The following data were collected in this study: 1) Patient demographic de-
tails; 2) Severity of disease; 3) Medical history; 4) Lesion and procedure charac-
teristics; 5) MACE. Patients were followed clinically/telephonically at 6 and 12 
months. 

1.3. Definitions and Endpoints 

The primary endpoint of this study was to determine the rate of MACE. Major 
adverse cardiac event was defined as the aggregate of cardiac death, MI, and any 
TLR during the 12 months follow-up period after the index procedure. The ST 
was also evaluated in this study. The ST was classified according to the defini-
tions of the Academic Research Consortium [11]. Procedural success was de-
fined as successful stent placement at the desired position with <30% residual ste-
nosis by visual estimation, post-procedural TIMI 3 flow and no in-hospital target 
vessel failure (TVF). At follow-up, data were collected relating to current clinical 
status, any hospitalization after PCI and occurrence of any MACE and ST. 

1.4. Statistical Analysis 

Categorical data were presented as counts and percentages. All clinical and con-
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tinuous angiographic variables were presented as a mean ± standard deviation. 
The time-to-event curve was presented as per the Kaplan-Meier method. All 
data were processed using the Statistical Package for Social Sciences, version 15 
(SPSS, Chicago, IL, USA). 

2. Results 
2.1. Baseline, Lesion and Procedural Characteristics 

The analysis consists of baseline clinical data and follow-up data collected at 6 
months and 12 months. Mean patients age was 56.35 ± 11.23 years. A total of 
251 patients data were collected and analyzed in this study. Out of 251 patients, 
191 (76.1%) were males, 95 (37.8%) of patients had diabetes, and 134 (53.4%) of 
patients were hypertensive. Among 251 patients, 117 (46.6%) and 89 (35.4%) pa-
tients were treated with a diagnosis of ST-segment-elevation myocardial infarc-
tion (STEMI) and unstable angina. A total of 17 patients underwent primary 
PCI. The baseline demographics of the patients are outlined in Table 1. Details 
of the lesion and procedural characteristics are outlined in Table 2. Also, 144 
(48.8%) lesions were located in the left anterior descending artery and 5 (2.0%) 
were in bifurcations. A total of 295 lesions were treated with the Metafor SES 
(1.18 stents per lesion), and 13.6% of the lesions were treated with the Metafor  
 
Table 1. Baseline characteristics of the study population. 

Variables Patients (n = 251) 

Age (Years) 56.35 ± 11.23 

Male 191 (76.1%) 

Diabetes Mellitus 95 (37.8%) 

Hypertension 134 (53.4%) 

Chronic smoker 19 (7.6%) 

Chronic alcohol use 16 (6.4%) 

Family history of CAD 17 (6.8%) 

Previous MI 7 (2.8%) 

Previous PCI 15(6%) 

Previous CABG 5 (2%) 

History of angina 10 (4%) 

STEMI, n (%) 117 (46.6%) 

NSTEMI, n (%) 34 (13.5%) 

Unstable angina, n (%) 89 (35.4%) 

Stable angina 11 (4.4%) 

Thrombolysed 43 (17.1%) 

Primary PTCA 17 (6.8%) 

CABG—Coronary artery bypass grafting, CAD—coronary artery disease, MI—myocardial infarction, 
NSTEMI—non-ST-segment-elevation myocardial infarction, PCI—percutaneous coronary intervention, 
PTCA—percutaneous transluminal coronary angioplasty, STEMI—ST-segment-elevation myocardial in-
farction. Data are presented as mean ± SD or as number and percentage. 
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Table 2. Lesion and procedural characteristics. 

Variables 
Patients (n = 251) 
Lesions (n = 295) 

Severity of disease, n (%)  

Single vessel disease 131 (52.2%) 

Double vessel disease 94 (37.5%) 

Triple vessel disease 26 (10.4%) 

Total no. of lesions treated with a study stent 295 

Target vessel locations  

RCA 89 (30.2%) 

LAD 144 (48.8%) 

LCx 57 (19.3%) 

LM 1 (0.3%) 

Ramus 4 (1.4%) 

Stent per lesion 1.18 

Bifurcation lesion 5 (2.0%) 

% of stenosis (mean ± SD) 88.95 ± 7.6 

Total occlusion (100% stenosis) 44 (17.53%) 

post procedure TIMI III flow 295 (100%) 

Procedural success 295 (100%) 

Pre Balloon dilation 187 (63.4%) 

Post Balloon dilation 199 (67.5%) 

Stent length (mm), n (%)  

12 - 19 138 (46.8%) 

24 - 38 117 (39.7) 

40 - 48 40 (13.6%) 

Stent diameter (mm), n (%)  

2.5 - 3 236 (80%) 

3.5 - 4.5 59 (20%) 

DVD—double vessel diseases, LAD—left anterior descending coronary artery, LCx—left circumflex coro-
nary artery, LM—left main, RCA—right coronary artery, SVD—single vessel diseases, TVD—triple vessel 
disease, TIMI—thrombolysis in myocardial infarction. 

 
SES with length ≥40 mm. Baseline lesion and procedural characteristics are 
mentioned in Table 2. An analysis of baseline angiography revealed that 52.2% 
of patients had single-vessel diseases (SVD) and 88.95% of patients had stenosis 
that was treated with Metafor SES stent. The most prevalent target vessel was left 
anterior descending (LAD) artery (48.8%). 

2.2. Clinical and Angiographic Outcomes 

During 6-month follow-up, the primary endpoint occurred in 3 (0.8%) of 251 
patients, consisting of 2 (0.8%) cardiac deaths, 1 (0.4%) MI, and 0 (0.0%) TLR, 
while at one-year, the primary endpoint occurred in 4 (1.6%), consisting of 2 
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(0.8%) cardiac deaths, 2 (0.8%) MI, and 0 (0.0%) TLR. Also, ST was reported in 
one patient (0.4%) at 6-month as well as one-year follow-up. The summary of 
MACE during the one-year study period is presented in Table 3. The time-to- 
event analysis performed by Kaplan-Meier method was found to be 98% (Figure 
1). 
 
Table 3. Major adverse cardiac events at 6 months and 12 months follow-up. 

Events 6-month Follow-up (N = 251) 1-year Follow-up (N = 251) 

All cause death 2 (0.8%) 3 (1.2%) 

Cardiac death, n (%) 1 (0.4%) 2 (0.8%) 

Non-cardiac death, n (%) 1 (0.4%) 1 (0.4%) 

MI, n (%) 1 (0.4%) 2 (0.8%) 

TLR, n (%) 0 (0.0%) 0 (0.0%) 

TVR, n (%) 0 (0.0%) 0 (0.0%) 

Stent thrombosis, n (%) 1 (0.4%) 1 (0.4%) 

MACE, n (%) 2 (0.8%) 4 (1.6%) 

MACE—major adverse cardiac event, MI—myocardial infarction, TLR—target lesion revascularization, 
TVR—target vessel revascularization, ST—stent thrombosis. 

 

 
Figure 1. The time-to-event curve at one-year follow-up by Kaplan-Meier method. 
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3. Discussion 

In this retrospective study, the Metafor SES demonstrated excellent safety and 
performance in a “real-world”, consecutive CAD patient at one-year follow-up. 
The study included complex coronary artery disease characteristics including 
patients with diabetes (37.8%), hypertension (53.4%), and unstable angina 
(35.4%), which represents real clinical practice and allowing us to evaluate the 
Metafor SES in a “real-world” setting. This study included 251 consecutive pa-
tients requiring stenting for the management of CAD. 

In this retrospective study, we collected and analyzed the data of Metafor SES 
with the aim to optimize the safety and performance of Metafor SES. The use of 
the biodegradable materials is considered to satisfy the concerns over late stent 
failure and minimize the risk of thrombus formation [2] [4]. 

The safety and performance of coronary stent platforms are varied on the fol-
lowing parameters: 1) The design of the stent; 2) The anti-proliferative drug; 3) 
Type of polymer. The safety and efficacy of “limus family” DES have been con-
firmed in several clinical studies [7] [8] [9] [10]. 

On another concern, strut thickness is a very significant parameter which 
causes local inflammation at the lesion site. Multiple studies have confirmed that 
the rate of restenosis was reduced according to strut thickness (strut thickness 50 
µm vs 140 µm; a reduction in angiographic restenosis from 25.8% vs 15.0%) [12] 
[13] [14]. The Metafor SES is based on an ultrathin cobalt-chromium platform; 
the thin struts enhance the device flexibility and improve device performance. 
The Metafor SES includes a hybrid cell design, the stent expands from middle to 
the edges and eliminates the classic dog-boning effect and thus provide excellent 
stent positioning. 

Extensive research suggests that randomized controlled trials or first-in-man 
studies include a low-risk population and so outcomes of such trials cannot be 
assumed to “real-world” patients with greater risk coronary anatomy. A precise 
post-market surveillance study can provide important data of real-world patients 
treated in a routine clinical practice. Therefore, we analyzed this retrospective 
observational study to evaluate clinical outcomes of the Metafor SES in consecu-
tive patients treated in a clinical setting. 

The most important observations of this single-center, observational study is: 
1) 100% procedural success rate; 2) A low rates of MACE (1.6%) and ST (0.4%) 
at one-year follow-up. At one-year, the primary endpoint (MACE) occurred in 4 
(1.6%) patients. This is significantly lower than the 5.0% that was observed in 
the Nobori DES system (p = 0.014) and the 4.5% that was noted in BioMatrix 
stent (p = 0.028) [15] [16]. Moreover, ST was reported in only one patient 
(0.4%). This is comparable with other real-world study of Yukon Choice Flex 
stent which reported ST of 0.3% at one-year follow-up [4]. 

Also, at one-year follow-up period, the cardiac death in this retrospective 
study was 0.8%. This is comparable with 0.4% patients in RESOLUTE Interna-
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tional trial [17]. 
Overall, these observations indicate the excellent performance of the Meta-

phor SES in a real-world setting in high-risk patients. 
Moreover, the type of polymer (biodegradable vs durable polymer) and stent 

platform (cobalt-chromium vs platinum chromium) have resulted in significant 
improvement in clinical outcomes. In this retrospective study, the rates of MI 
and TLR were 0.8% and 0.0%, respectively. These are lesser than 15.7% and 2.0% 
of MI and TLR that were observed in the Promus Element stent [18]. Therefore, 
the Metafor SES with thinner struts (65 µm) has potential to improve the clinical 
results. 

In present real-world population, lesser MACE rate (1.6%) and ST incidence 
(0.4%) at one-year follow-up demonstrated constructive clinical outcomes of the 
Metafor SES. However, longer follow-up of patients receiving the Metafor SES 
will be necessary to confirm long-term safety of this DES. 

4. Study Limitations 

Few limitations of this study: 1) Retrospective and observational design; 2) This 
was a non-randomised, single-arm study without comparison groups; 3) The 
absence of angiographic follow-up 4) Follow-up time of 12-month was relatively 
small. Therefore, long-term follow-up is essential to assess the factual event 
rates. 

5. Conclusion 

This retrospective data demonstrated excellent safety and performance of Meta-
for SES in a “real-world” consecutive CAD patient, indicating low rates of 
MACE and ST at one-year follow-up. Thus, Metafor SES can be implanted safely 
and routinely in PCI patients. 
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