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ABSTRACT
Objective: Even with the immense progress achieved in the field of percutaneous coronary interventions (PCIs), treatment of diffuse long atherosclerotic coronary artery disease continues to remain a challenge for durable outcomes. The downstream reduction in diameter along the lesion
length of a coronary artery may compel the cardiologist to use either 2 overlapping stents of different diameters or a single long stent leading to
stent-vessel mismatch at the edges. Recently, Meril Life Sciences Pvt. Ltd., India, has introduced a long-tapered sirolimus-eluting stent (SES) system, BioMime Morph, which conforms to the normal tapered geometry of coronary arteries along with adequate lesion coverage. In this study, we
aimed to provide real world experience regarding the safety and efficacy of the BioMime Morph SES over a follow-up of one year.
Methods: This was a single center, retrospective study involving 172 participants who underwent PCI with the BioMime Morph SES. Mean
length of the target lesion was 34.4±10.4 mm, and mean stent length was 53.2±8.7 mm. The most frequent revascularized vessel was the left
anterior descending artery (LAD) in 97 lesions (54.4%).
Results: Major adverse cardiac events (MACE) (defined as a composite of target vessel myocardial infarction, target lesion revascularization,
and death due to a cardiac cause) at 1, 6, and 12 months were seen in 4 (2.3%), 7 (4.0%), and 8 (4.7%) patients, respectively. Overall, 5 cardiac
deaths and 2 definite stent thrombosis were observed in the study.
Conclusion: The study suggests that the novel BioMime Morph SES is an effective and a safe option for PCI in the treatment of long diffuse
atherosclerotic lesions.
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Introduction
Optimal stent sizing is paramount for ideal outcomes after a
percutaneous coronary intervention (PCI). Although underexpanded stents increase both the risk of stent thrombosis and
in-stent restenosis (ISR), overexpansion as high as 1.2:1 is asso-

ciated with neo-intimal proliferation, edge dissection, and vascular injury (1). Distal stent overexpansion becomes more
prominent, especially during treatment of long diffuse coronary
lesions (>25 mm) where the use of a single uniform diameter
stent may pose difficulty in deployment across the gradually
tapering vessel (2).
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HIGHLIGHTS
•

•

Diffuse atherosclerotic lesions pose a therapeutic challenge to interventional cardiologists despite the recent
technical advancements.
Novel BioMime Morph sirolimus eluting stent is an
effective and safe option for percutaneous coronary
intervention in treating long diffuse lesions.

Progressive reduction in the coronary artery diameter (tapering) up to 14% and 21% has been seen in proximal and distal left
anterior descending artery (LAD), and up to 9% in the dominant
right coronary artery (RCA) (3). In Asian adults, the average decremental ratio has been estimated to be 7.7%, 9.7%, and 5.1% in
the LAD, left circumflex artery, and RCA, respectively (4). Apart
from the natural taper, the diameter reduction of the vessel is
compounded by other factors including formation of a large side
branch or negative remodelling distal to the stenotic lesion. Use
of overlapping stents with different diameters are often considered in such cases, although it increases the incidence of stent
fracture, late stent thrombosis, side branch jailing, and ISR (5).
The novel BioMime Morph (Meril Life Sciences Pvt. Ltd.,
India) is a “Conformite Europeene” (CE) approved SES, which is
a uniquely designed long tapered stent conforming to the natural tapering course of the coronaries. It is composed of a bioabsorbable polymer, poly-L glycolic acid and poly-L-lactic acid,
built on ultrathin (65 micron) stent struts with cobalt chromium
platform and hybrid design. The stent elutes sirolimus (1.25 µg/
mm2 of the stent surface area) within 30–40 days after implantation. The stent inflation is guided by a tapered balloon on which
the stent system is mounted and is estimated to achieve diameters (proximal to distal) of 2.75–2.25 mm, 3.0–2.5 mm, 3.5–2.75
mm, and 3.5–3.0 mm in lengths of 30 mm, 40 mm, 50 mm, and 60
mm. It is especially useful for long lesions where the use of
tapered single coronary stent may provide better vessel adaptation and superior long-term outcomes apart from curtailing the
financial cost. A few studies evaluating the efficacy of this novel
concept have found encouraging results (6, 7), In this study, we
aimed to study the peri-procedural safety, and one-year outcomes of patients undergoing treatment with the BioMime
Morph SES in the high-risk Indian population.

Methods
Our study was an observational, retrospective study conducted in a tertiary care center in North India and included
patients who underwent treatment with the BioMime Morph
SES from May 2017 to August 2019. All the patients undergoing
PCI with at least one lesion treated with BioMime Morph SES
were included in the study. We analyzed the baseline patient
data, device-related and procedure-related details, and immedi-

Sharma et al
One-year outcomes of BioMime Morph tapered stent

897

ate hospital outcomes for all the patients. An experienced cardiologist who was blinded to the outcome of the patients
reviewed all the diagnostic angiograms. Quantitative coronary
analysis (QCA) in an un-foreshortened view was performed
using an automated edge detection technique to estimate the
lesion characteristics including proximal reference diameter,
distal reference diameter, length of the lesion, and percentage
of diameter stenosis. Readily apparent radio-opacities within
the vascular wall were identified as calcification and classified
as mild, moderate, or severe (8). The thrombus burden and tortuosity were estimated in angiograms using the existing classification systems (9, 10). The angiographic success was defined as
TIMI III flow at the end of the procedure and <20% of the stenosis in distal landing zone. Aspirin and clopidogrel loading doses
was given to all the patients, and procedural anticoagulation
was achieved with intravenous heparin. Use of intra-procedural
and post-procedural GPIIb/IIIa inhibitors was as per the preference of the operator. Dual antiplatelet therapy which included
aspirin (75–150 mg) along with either clopidogrel (75 mg),
ticagrelor (90 mg twice daily), or prasugrel (10 mg daily) were
continued for all the patients for one year. Follow-up data were
collected regarding clinical status and occurrence of major
adverse cardiac events (MACE), which was defined as the composite of target vessel myocardial infarction (MI), ischemia
driven target lesion revascularization (TLR), and cardiac death.
MI was defined as either development of new pathological Q
waves or the absence of Q wave in in the electrocardiogram,
creatine kinase elevation >2 times the upper limit of normal,
along with new-onset ischemic symptoms. Any repeat intervention for the lesion at the target site or within 5 mm proximal or
distal to the stent edge was defined as TLR. Any death with no
definite non-cardiac cause was defined as cardiac death. Stent
thrombosis was classified as definite, probable, or possible as
well as early, late, or very late as per the Academic Research
Consortium (11).
Statistical analysis
The categorical variables were described as frequencies
(percentages), and continuous variables were presented as
mean ± standard deviation in this study. The independent predictors of long-term cardiovascular events from procedurerelated, device-related, or patient-related variables were
assessed using Cox regression analysis, and a p value of <0.05
was considered significant. The event-free survival curve was
constructed using Kaplan-Meier method. Data analysis was
done using Statistical Package for Social Sciences, version 23.0
(SPSS, IBM Corporation, Chicago, IL, USA).

Results
Baseline demographic characteristics (Table 1)
Mean (SD) age of the study population was 57.4±9.5 years
with men constituting 80.8% of the study group. Conventional
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Table 1. Demographic and baseline characteristics of patients
enrolled in the study
n=172

Age (Mean ± SD) (years)

57.4±9.5

Sex (Male)

139 (80.8%)

Type 2 diabetes

73 (42.4%)

Hypertension

61 (35.5%)

Smoking

54 (31.4%)

Previous PCI

25 (14.5%)

Previous CABG

0 (0%)

History of stroke

1 (0.6%)

CKD (GFR <30 mL/min)

11 (6.4%)

EF (Mean±SD) %

48.19±12.1

Mean follow-up (months)

19.56±8.2

Presentation

Post-procedure
antiplatelets

Anterior wall MI

31 (18.0%)

Inferior wall MI

25 (14.5%)

Posterior wall MI

1 (0.6%)

NSTEMI

16 (9.3%)

Unstable angina

46 (26.7%)

Chronic stable angina

53 (30.8%)

Aspirin and clopidogrel

115 (66.9%)

Aspirin and ticagrelor

54 (31.4%)

Aspirin and prasugrel

03 (1.74%)

CKD - chronic kidney disease; EF - ejection fraction; GFR - glomerular filtration rate;
MI - myocardial infarction; NSTEMI - non-ST elevation myocardial infarction; PCI percutaneous coronary intervention; SD - standard deviation

risk factors including hypertension (HTN), type 2 diabetes mellitus (DM), chronic kidney disease (CKD), and smoking were present in 61 (35.5%), 73 (42.4%), 11 (6.3%), and 54 (31.4%) patients,
respectively. Of all the patients, 108 (62.8%) presented with a
diagnosis of acute coronary syndrome, and 25 (14.5%) had a history of prior PCI.
Baseline lesion characteristics (Table 2)
A total of 178 lesions in 172 patients were treated with
BioMime Morph SES (Meril Life Sciences Pvt. Ltd., India) with
mean lesion length of 34.4±10.4 mm. The lesions comprised 172
de novo and 6 lesions with ISR. The most commonly stented vessel was the LAD, which included 97 (54.5%) of the deployed
stents. Other characteristics including moderate to severe calcification, moderate to severe tortuosity, and large thrombus burden were seen in 11 (6.2%), 4 (2.2%), and 8 (4.5%) patients,
respectively. The most commonly deployed stent size was 3.5–
3.0 × 60 mm with 102 (59.3%) patients undergoing single vessel
stenting with the BioMime Morph SES, and 70 patients (40.6%)
undergoing multivessel PCI with BioMime Morph along with
other stents. A total of 281 stents were deployed with a mean of
1.63 stents/patient.

Survival function
Censored

1.0
95.3
0.8

Cum Survival

Characteristics

Survival Function

0.6

0.4

0.2

0.0
0

2

4

6

8

10

12

Time to event (Months)

Figure 1. Time-to-event curve by Kaplan Meier at 12 months

Procedural and clinical outcome (Table 3)
Two patients developed acute stent thrombosis during hospital
stay, which was managed with thrombus aspiration and plain old
balloon angioplasty. MACE was documented in 4 (2.3%), 7 (4.0%),
and 8 (4.7%) patients at the end of 1, 6, and 12 months of follow-up,
respectively, comprising of 5 cardiac deaths, 2 definite stent
thrombosis, and 1 target vessel myocardial infarction (Table 4). On
performance of Cox regression analysis, none of the variables
could significantly predict the risk of adverse events at 1 year
including patient factors like DM, HTN, CKD, or procedural factors
including stent length and number of stents. Kaplan-Meier curve
for time to-event analysis is shown in Figure 1.

Discussion
This study observes the “real-world” experience of using a
single long-tapered stent for the treatment of diffuse atherosclerotic disease and their outcomes over 1 year of follow-up in the
high-risk Indian population.
Since the era of the bare-metal stent, long diffuse coronary
artery lesion has remained an independent risk factor for ISR
and adverse long-term outcomes (12). As residual plaque burden at the reference segment is one of the strongest predictors
of edge restenosis, complete lesion coverage is often favored
rather than spot stenting, although the use of overlapping stents
increases the incidence of restenosis apart from increasing the
procedure time and the financial costs (5, 13, 14). With the
advent of newer stent designs, superior longitudinal strength,
and thinner struts, longer stents can often overcome the barrier
imposed by vessel tortuosity calcification and achieve high success rates (15, 16). We attempted to treat such long diffuse
lesions and CAD with novel, single, long tapering SES and
assess their peri-procedural safety and outcomes.
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Table 2. Baseline lesion and procedural characteristics
Total number of lesions

n=331

Lesion treated with BioMime Morph (target lesions), n (%)

178 (53.7)

Lesions with other stents, n (%)

76 (22.9)

Unstented, n (%)

77 (23.2)

Number of diseased vessels, n

Single vessel disease

43

Double vessel disease

75

Triple vessel disease

49

Left main disease

5

Number of lesions per patient

1.9±0.9

Number of stents deployed per person

1.63±0.7

Target vessel location for PCI with BioMime Morph

n=178

Left main, n (%)

4 (2.2)

Proximal reference diameter (mm)

4.0±0.46

Left anterior descending, n (%)

97 (54.5)

Proximal reference diameter (mm)

2.97±0.58

Distal reference diameter (mm)

2.4±0.46

Proximal reference diameter (mm)

3.01±0.5

Distal reference diameter (mm)

2.65±0.45

Proximal reference diameter (mm)

2.9±0.56

Distal reference diameter (mm)

2.6±0.5

Right coronary artery, n (%)
Left circumflex artery, n (%)

63 (35.4)
14 (7.9)

Mean lesion length (Mean±SD) (mm)

34.4±10.4

Mean stent length (Mean±SD) (mm)

53.2±8.7

SVPCI, n (%)

102 (59.3)

MVPCI, n (%)

70 (40.7)

Lesion characteristics

n=178

De novo, n (%)

172 (96.6)

Instent restenosis, n (%)

6 (3.4)

Moderate to severe calcification, n (%)

11 (6.2)

Moderate to severe tortuosity, n (%)

4 (2.2)

Large thrombus burden, n (%)

8 (4.4)

Dissection, n (%)

1 (0.6)

Bifurcation, n (%)

2 (1.1)

Chronic total occlusion, n (%)

16 (9)

Instent restenosis, n (%)

6 (3.4)

Stent sizes and lengths
Stent sizes used (n=178)

Stent lengths (n=178)

2.75–2.5, n (%)

19 (10.7)

3.0–2.5, n (%)

50 (28.1)

3.5–2.75, n (%)

0 (0)

3.5–3.0, n (%)

109 (61.2)

30 mm, n (%)

12 (6.7)

40 mm, n (%)

13 (7.3)

50 mm, n (%)

59 (33.1)

60 mm, n (%)

94 (52.8)

PCI - percutaneous coronary intervention; SVPCI - single vessel percutaneous coronary intervention: MVPCI - multivessel percutaneous coronary intervention
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Table 3. Procedural outcomes
Procedural outcomes

n=172

Successful procedure, n

169 (98.2%)

TIMI II flow, n

2

Edge dissection, n

1

Perforation, n

1

Side branch occlusion requiring stenting

1

TIMI - thrombolysis in myocardial infarction

Table 4. Major adverse cardiac events during hospital stay; 1, 6, and
12 months
n=172
hospital

1
month
(n=171)

6
months
(n=170)

12
months
(n=167)

All-cause death, n

1

2

5

7

Cardiac mortality, n

1

2

5

5

Non-cardiac mortality, n

0

0

0

2

Stent
Definite stent
thrombosis thrombosis

2

2

2

2

Probable
stent
thrombosis

1

2

2

2

Possible
stent
thrombosis

0

0

1

1

Target lesion
revascularization, n

2

2

2

2

Target vessel MI, n

0

0

0

1

3 (1.7%)

4 (2.3%)

7 (4.1%)

8 (4.7%)

MACE

MACE, n

MACE - major adverse cardiac events; MI - myocardial infarction

Excellent post-procedure angiographic results were obtained
with successful deployment, achieved in 98.2% of the cases with
mean lesion length of 34.4±10.4 mm. Five patients suffered from
a cardiac death, 2 had target lesion revascularization, and 1 had
target vessel revascularization over a follow-up of 1 year in the
index study.
Recent studies investigating the use of single long stents
(SLS) for treatment of diffuse coronary lesions have also shown
fairly high success rates (17, 18). Mori et al. (18) evaluated the
clinical outcomes and angiographic endpoints in patients undergoing SLS versus overlapped stents for diffuse coronary artery
lesions and experienced 92.9% vs. 93.1% (p=0.91) freedom from
MACE and 94.5% vs. 95.1% (p=0.79) freedom from target lesion
revascularization at the end of 1 year in the single stent vs. multiple overlapped stent groups, respectively. In a similar study of
643 patients with diffuse lesions undergoing treatment with
either SLS (>40 mm) or overlapping stents, adverse cardiac
events were observed in 6.2% of the patients at the median
interval of 20 months in the single stent group (17). In both the

studies, the authors could not find any significant difference
among MACE associated with use of single stents vs overlapped
stents, although the use of contrast volume, duration of procedure, and radiation dose was increased with the use of overlapping stents (17). New tapered BioMime Morph SES has previously been evaluated in a multicenter study of 362 patients for
de novo lesions with decremental diameters and was associated with low peri-procedural and post-procedural complications
(2% MACE at 12 months, single incidence of acute stent thrombosis) (6). Our study had comparable number of patients with
comorbidities; type 2 DM in 42.4%, HTN in 35.5%, and CKD in
6.4% of the study cohort. Slightly increased rate of MACE in our
study, however, may be attributed to the high number of patients
with complex disease and undergoing MV PCI (n=70, 41%) signifying high atherosclerotic disease burden. Previous small studies with BioMime Morph SES in diffuse lesions (>48 mm) and
chronic total occlusions (CTO) also have demonstrated good
vessel apposition without any significant complications (19, 20).
We previously reported successful use of the same in a patient
with diseased left main and RCA CTO undergoing multivessel
PCI with satisfactory results (21).
We tried to assess the influence of various patient-related or
stent-related factors on incidence of MACE in our study but
could not find any significant predictors. The limited number of
patients with only one year of follow up may have been contributory. In addition, the increased number of stents and stent
length have been correlated with binary stenosis and late lumen
loss in many studies (22); however, as we did not perform followup angiography in patients, we could not appreciate the same.
Study limitations
A lack of a control arm and its retrospective nature were
inherent limitations of this study. The choice of stents used in
other lesions, procedural strategy, and post-procedure choice of
antiplatelet drugs were at the discretion of the operator, all of
which can influence outcomes.
In patients with long diffuse lesions, we are occasionally faced
with a dilemma regarding the feasibility of the use of long single
stents. Although single stents may be faced with their own difficulties in the form of deliverability in a calcified and tortuous vessel,
our study reinstates their successful use with acceptable mid-term
outcomes. According to our study, newer BioMime Morph SES
with its unique design is a safe option to consider in long and diffusely diseased coronary vessel with dimuniting diameters.

Conclusion
Our study demonstrates reassuring evidence of feasibility
and safety of the long tapering BioMime Morph SES in a realworld scenario and even in complex coronary lesions. However,
randomized controlled trials are required to assess the economic benefits and long-term outcomes of these stents in
diverse clinical settings.
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