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Abstract: Objective: To assess the safety and efficacy of Novel tapered (BioMime™ Morph) siroli-
mus-eluting stent (SES) for left main PCI in a real-world scenario.

Background: Currently, no data is available on clinical usefulness of tapered ultrathin stents in left
main PCI.

Methods: This was a prospective, non-randomised, single centre study carried out between Fe-
bruary 2018 and May 2020 at a tertiary cardiac care centre in southern India. The study included pa-
tients treated with BioMime Morph tapered stent for distal de novo LMB lesion or ostial LAD/L-
CX lesions with significant size disparity between reference segments based on the eligibility crite-
ria. Primary endpoint of the study was the cumulative incidence of major adverse cardiovascular
events (MACE) composed of cardiac death, myocardial infarction, and clinically driven target-le-
sion revascularisation at follow-up.

Results: A total of 41 patients (average age of 54.83±9.81 years) were included in the study. Aver-
age  SS-2  score  was  23.17±5.42.  Majority  of  the  lesions  (n=31;  75.61%)  were  of  medina  class
(0.1.0). Provisional single stent strategy was adopted for treatment of LMB lesions. TIMI flow-3
was  achieved  in  40  patients  (97.56%).  Median  clinical  follow-up  was  20  months  (range  6-34
months). There was no periprocedural complication or MACE during follow-up.

Conclusions: Tapered stents may be an acceptable alternative for LM intervention in an anatomi-
cal subset of patients with tapered vessels.

Keywords: Coronary artery disease, left main coronary artery, percutaneous coronary intervention, tapered coronary stents,
provisional stenting.

1. INTRODUCTION
Coronary  angiography  identifies  significant  stenosis

(>50%) in the left main coronary artery (LMCA) in 4% to
6% patients, with involvement of left main bifurcation (LM-
B) in nearly 80% of the patients [1]. Percutaneous coronary
intervention (PCI) has been increasingly adopted as the treat-
ment strategy for LMCA disease.

The diameter of  coronary arteries is  reduced along the
length direction of vessels, geometrically tapered structure.
Angiographic studies have shown that 19% of blood vessels
taper 0.5 to 0.9 mm over a 20 mm length from the proximal
to distal reference segment, and 23% of vessels taper ≥1 mm
over the same distance [2]. Significant segmental coronary
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artery tapering presents a unique challenge for interventional
cardiologists,  creating  a  dilemma  for  the  optimal  balloon
and stent sizing during PCI. As conventional stents are avail-
able in cylindrical  shapes,  they can lead to stent  size mis-
match and may not be able to adapt effectively in long ta-
pered  vessels  [3].  Implantation  of  multiple  overlapping
stents of varying diameters in tapered vessels may solve the
issue of stent size mismatch. However, the use of overlap-
ping stents leads to increased metal and drug delivery, caus-
ing more vessel injury, stent fracture due to vessel rigidity,
side branch jailing, increased cost of treatment, delayed heal-
ing and increased very-late stent thrombosis (ST) resulting
in impaired short-term and long-term angiographic and clini-
cal outcome, including death or myocardial infarction (MI)
[4,  5].  Implantation  of  single  tapered  stent  may overcome
the drawbacks of implanting multiple stents in tapered ves-
sels.  Tapered  balloons  also  reduce  the  foreshortening  of
stent.
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The BioMime™ Morph (Meril Life Sciences Pvt. Ltd.,
India) is the world’s first and the only tapered biodegradable
polymer-coated sirolimus-eluting coronary stent (SES) sys-
tem that has been developed to address pathology in vessels
with  significant  size  discrepancy  and  the  shortcomings  of
conventional stents in treating such vessels. The stent has al-
so received “Conformite  Europeene” (CE) mark-approval.
The results of previous studies have demonstrated the safety
and feasibility of BioMime Morph SES for treating tapered
diffusely diseased vessels  with favourable procedural  suc-
cess  and  device  success,  and  with  excellent  angiographic
and clinical follow-up results [6-10]. However, the studies
on  this  tapered  stent  are  very  limited  and  have  restricted
their  usage  only  to  non-LMCA  lesions.  Hence,  this  study
has  been  designed  to  assess  the  safety  and  efficacy  of
BioMime Morph SES for the treatment of LMB lesions in a
real-world scenario.

2. MATERIALS AND METHODS

2.1. Patient Selection and Study Design
This was a prospective, non-randomised and single cen-

tre  study,  which  included  patients  who  were  treated  with
BioMime Morph SES tapered stent for LM bifurcation le-
sion between February 2018 and May 2020 at Sri Jayadeva
Institute of Cardiovascular Sciences and Research, Bengalu-
ru, India Fig. (1).

Inclusion criteria for PCI with the BioMime Morph stent
if:

1)  There  was  significant  distal  LMCA (>50%) disease
extending into left anterior descending (LAD)/ left circum-
flex (LCX) artery/ ramus intermedius; or

2)  Significant  (≥70% stenosis)  ostio-proximal  LAD/L-
CX/ramus  disease  with  marked  segmental  vessel  tapering
which was difficult to treat with a single conventional stent;
and

3) Visually estimated target lesion reference vessel diam-
eter of 3.0-4.5 mm in the LM and 2.5-3.5 mm in LAD/LCx.

Exclusion criteria
1) Patients in whom LMB lesions were (priorly) quali-

fied to be treated with a two-stent technique;
2) Patients with LMB lesion with Medina class 1.1.1 or

high SYNTAX score; and
3) Vessels without significant segmental size disparity.
The study was conducted in accordance with good clini-

cal practice and Declaration of Helsinki. Informed consent
was obtained from all the participants prior to the procedure.

2.2. Study Device
The BioMime Morph is a novel long-tapered biodegrad-

able polymer coated ultrathin SES system for the treatment
of long diffuse coronary lesions. It has a classical BioMime
hybrid design, which has an intelligent mix of closed cells at
the edges and open cells articulating along the length of the

stent Fig. (2). Despite ultrathin strut thickness (65 µm strut
thickness),  strut  width  variability  ensures  optimal  radial
strength. Moreover, non-linear S links & Y connectors allow
high flexibility  and facilitate  adequate  side  branch access.
The cobalt-chromium platform of the stent is uniformly coat-
ed with a biocompatible, biodegradable co-polymer combina-
tion  of  poly-L-lactic  acid  (PLLA)  and  poly-lactic-co-gly-
colic  acids  (PLGA),  which  elute  anti-proliferative  drug,
sirolimus (1.25 μg/mm2) for 30 - 40 days after the implanta-
tion. Currently available lengths of the BioMime Morph are
30 mm, 40 mm, 50 mm and 60 mm. The stent inflation is
guided  by  the  tapered  balloon and is  estimated  to  achieve
the diameters (proximal to distal) of 2.75 - 2.25 mm, 3.0 -
2.50 mm, and 3.50 - 3.0 mm.

2.3. Procedure
PCI  was  performed  according  to  the  clinical  practice

guideline of the institute by an experienced operator. Lesion
morphology  suitable  for  provisional  single  stent  strategy
with significant size discrepancy between proximal and dis-
tal  reference segments were treated with the study device.
The cases in which we implanted stent across LCX/ramus,
its size was comparable to that of LAD. Hence, they could
be considered as the main branch. The procedure was initiat-
ed with the engagement of guide and insertion of wires into
both branches. Stenosed segments were pre-dilated with the
semi-compliant balloon. The stent selection was based on vi-
sual  estimation  or  quantitative  coronary  angiography  (Q-
CA). Tapered stent is used only if the proximal and distal ref-
erence diameter difference is 1 mm and above. The most ap-
propriate diameter and length stent are implanted across LM
to LAD or LM to ramus or LM to LCX according to the le-
sion distribution. After crossover stent deployment, re-wir-
ing to the jailed side branch was performed only if there was
ostial  pinching  >50%  or  reduced  TIMI  flow.  Final  kiss-
ing-balloon inflation (FKBI) was performed as per  the re-
quirement. Fig. (3) demonstrated successful implantation of
BioMime Morph SES for treatment of LMB lesions. Proxi-
mal optimisation technique with appropriate sized non-com-
plaint (NC) balloon was carried out in all the cases. The use
of optical coherence tomography (OCT) was left at the dis-
cretion  of  the  operator.  In  the  present  study,  OCT  guided
PCI was performed in 5 patients Fig. (4). All the patients un-
dergoing PCI were administered Aspirin (75mg) and Tica-
grelor  (180mg)  and  continued  for  at  least  one  year.  After
one year, aspirin (150mg/daily) was continued indefinitely.

2.4. Study Endpoints
Primary endpoint of the study was the cumulative inci-

dence of major adverse cardiovascular events (MACE) com-
posed of cardiac death, MI, and clinically driven target-le-
sion  revascularisation  (CD-TLR)  at  follow-up.  The  se-
condary  endpoints  included  ST  and  device  success.

Cardiac death was defined as any death due to an acute
MI,  stroke  or  heart  failure  related  to  the  procedure  or  un-
known cause or unwitnessed death. MI was divided into Q-
wave MI (defined as the development of new pathological Q
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Fig. (1). Study flow chart. PCI: percutaneous coronary intervention; LMB: left main bifurcation; LAD: left anterior descending; LCX: left cir-
cumflex; MACE: major adverse cardiac events.

Fig. (2). BioMime Morph. (A higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (3). (ia) Pre-procedural coronary angiogram showing distal LMCA disease and long segment LAD disease; (ib). Postprocedural coro-
nary angiogram showing good coronary flow after implantation of 3.5x3.0x40 mm BioMime. Morph SES across LMCA to LAD; (iia) Pre-
procedural coronary angiogram showing mid LMCA stenosis and proximal LAD stenosis; (iib) Post-procedural coronary angiogram show-
ing good coronary flow after implantation of 3.5x3.0x40 mm BioMime Morph SES across LMCA to LAD; (iiia) Pre-procedural coronary an-
giogram showing ostial LCX critical stenosis; (iiib) Post-procedural coronary angiogram showing good coronary flow after implantation of
3.5x3.0x30 mm BioMime Morph SES across LMCA to LCX. (A higher resolution / colour version of this figure is available in the electron-
ic copy of the article).

Fig. (4). Post procedure optical coherence tomography showing well opposed stent. (A higher resolution / colour version of this figure is
available in the electronic copy of the article).
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Table 1. Demographics and baseline clinical characteristics of the study population.

Characteristics n=41 Patients
Age (years), Mean ± SD 54.83 ± 9.81
Gender, n (%)
Male 29 (70.73)
Female 12 (29.27)
Smoker, n (%) 07 (17.07)
Medical History, n (%)
Diabetes Mellitus 21 (51.22)
Hypertension 17 (41.46)
Left ventricular ejection fraction, Mean ±SD 0.51±0.08
Creatinine clearance, Mean ±SD 97.63 ± 15.49
Risk Stratification1, n (%)
        Low-risk (<23) 37(90.24)
        Intermediate-risk (23-32) 04(9.76)
SS 2, Mean ± SD 23.17 ± 5.42

1Based on Syntax score.

waves  of  more  than  0.04  sec  in  two  or  more  contiguous
leads with an elevation of creatinine kinase (CK) or CK-MB
levels) or non-Q-wave MI (absence of Q wave but elevation
of CK levels to >3 times the upper limit of normal together
with elevation of CK-MB or troponin levels). ST and CD-
TLR were classified according to the definitions of the Aca-
demic  Research  Consortium  [11].  Device  success  was
defined as successful deployment of the stent in the site with-
out residual stenosis of >20% with TIMI flow-3.

3. RESULTS
A  total  of  41  patients  with  an  average  age  of  54.83  ±

9.81 years were included in the study. The study population
predominantly  included  male  patients  (n=29;  70.73%).
Based  on  Syntax-score,  37  (90.24%)  patients  belonged  to
low score (<22) and 4 (9.76%) patients were in the interme-
diate score (23-32).  Baseline clinical characteristics of the
study population are depicted in Table 1.

Table  2  shows  bifurcation  lesion  data  and  procedural
characteristics of the study population. American College of
Cardiology/American Heart Association (ACC/AHA) classi-
fied 15 (36.59%) lesions as type-B and 26 (63.41%) lesions
as  type-C.  Right  coronary  dominance  was  observed  in  31
(75.61%)  patients.  The  ostio-proximal  LAD was  the  most
common  site  of  lesion  location.  All  the  LMB  lesions  be-
longed  to  Medina  classes  (1.1.0),  (0.1.0),  (0.0.1)  and
(1.0.0.1).  Majority  of  the  procedures  were  performed
through a transfemoral approach, mainly using a provisional
one-stent  strategy.  FKBI was performed on 3 (7.32%) pa-
tients. None of the patients required another stent implanta-
tion in the side branch. Of the treated patients, 22 (53.66%)
patients were treated with 30 mm BioMime Morph SES. All
the patients  were treated with proximal optimization tech-
nique. Majority of them (n=37) were treated with 4 mm bal-
loon inflated at 14-16 atm pressure, whereas the remaining
patients (n=4) were treated with 3.5 mm balloon (inflated at
14-16  atm  pressure).  Device  success  was  97.56%.  TIMI
flow-3 was achieved in all the patients except one, in whom

the  procedure  was  complicated  due  to  LMCA  dissection.
However, the complication could be overcome with the im-
plantation of another stent. The hospital stay of the patient
was uneventful.

Median clinical  follow-up was 20 months.  During fol-
low-up,  coronary  angiography  was  performed  in  four  pa-
tients  who had  symptoms of  angina  or  angina  equivalents
and none of them had in-stent restenosis. One patient died af-
ter  three  months  of  the  index  procedure  due  to  pancreatic
cancer.  Hence,  at  follow-up,  there  was  no  incidence  of
MACE.  None  of  the  patients  experienced  ST.

4. DISCUSSION
The present  study evaluated  the  safety  and efficacy  of

BioMime  Morph  SES,  a  novel  tapered  ultrathin-stent,  for
LMB stenting in a real-world scenario. The procedures were
performed by a single experienced operator at a tertiary care
centre. It is noteworthy that there was no restriction with re-
gard to tortuosity of the vessel, the complexity of the lesions
(chronic total occlusion, type B/C lesions) or lesion length.
Despite  it,  device  success  was  achieved  in  97.56%  cases.
The safety and efficacy of BioMime Morph SES have been
ascertained in this real-world scenario with no incidence of
MACE or ST at a median follow-up period of 17 months.

Until  recent  years,  Coronary  artery  bypass  grafting
(CABG) has been considered a treatment strategy for LM-
CA disease. Recently, evidence confirmed similar outcomes
with PCI or CABG for treating LMCA disease in patients
with low and intermediate SYNTAX scores [12, 13]. Euro-
pean revascularization guidelines also upgraded indication
of PCI for treatment of LMCA disease in low-risk and inter-
mediate-risk  patients  as  class-I  and  class-IIa,  respectively
[14].

PCI of LMCA disease is still challenging owing to the
higher  incidence  of  repeat  revascularization,  especially
when  a  lesion  is  located  in  the  distal  part  of  the  LMCA
where it frequently involves bifurcation segments. It is note-
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Table 2. Lesion and procedural characteristics of the study population.

Angiographic Characteristics Total Lesions
N=41

Lesion Location, n (%)
        Ostial LAD2 05 (12.20)
        Ostio-proximal LAD 26 (63.41)
        Ostio-proximal LCX3 02 (4.88)

        LMCA4 to proximal LAD 07 (17.07)
        LMCA to ostial ramus 01 (2.44)
Medina classification, n (%)
        0.1.0 31 (75.61)
        0.0.1 02 (4.88)
        1.1.0 07 (17.07)
        1.0.0.1 01 (2.44)
ACC/AHA classification, n (%)
        B 15(36.59)
        C 26 (63.41)
Calcified lesion, n (%) 04 (9.76)
Tortuous vessel, n (%) 01 (2.44)
Access site, n (%)
        Femoral 38 (92.68)
        Radial 02 (4.88)
        Ulnar 01 (2.44)
DOMINANCE, n (%)
        Co-dominant 03(7.32)
        LCX 07 (17.07)
        RCA5 31 (75.61)
Bifurcation angle, n (%)
        >70 15 (36.59)
        <70 26 (63.41)
Average stent length (mm), Mean ±SD 36.83±8.79
Stent Length (mm), n (%)
        30mm 22 (53.66)
        40 mm 12 (29.27)
        50 mm 05 (12.20)
        60 mm 02 (4.88)
Proximal stent diameter (mm), Mean ±SD 3.74±0.32
Distal stent diameter (mm), Mean ±SD 2.88±0.24
Bifurcation lesion treatment, n (%)
        Double wiring         13 (31.71)
        Pre-dilation of main vessel         39 (95.12)
        Stent implantation in main branch only         41 (100)
        Final kissing balloon         03 (7.32)
        Dissection requiring an additional stent in main vessel         1 (2.44)
        Proximal optimization technique         41 (100)
Post-procedure TIMI6 flow, n (%)
        1         01 (2.44)
        3         40 (97.56)

2Left anterior descending. 3Left circumflex 4Left main coronary artery 5Right coronary artery 6Thrombolysis in Myocardial Infarction.

worthy that these bifurcation lesions are rarely focal. Exami-
nation  with  intravascular  ultrasound  demonstrated  that

atherosclerotic plaques extend from LMCA to LAD artery
in 90% of patients and to LCX artery in 66.4% of patients
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and to both the vessels in 62% of patients [15]. The complex-
ity of these lesions is mainly attributed tothe tapered geome-
try of the vessels.

Shen et al. assessed biomechanical behaviour of a cylin-
drical stent during deployment inside the tapered arteries us-
ing  the  finite  element  method.  The  authors  observed  that
stent radial recoil increases with an increase of vessel taper-
ing. Moreover, the cylindrical stents were more likely to da-
mage tapered artery at distal end, which might ultimately re-
sult  in  in-stent  restenosis  [16].  The  hemodynamic  perfor-
mance of cylindrical and tapered stents in a tapered artery al-
so discourages the use of conventional stents in tapered ves-
sels as their implantation may lead to atherosclerotic plaque
formation (in-stent restenosis) as a consequence of reduced
blood flow velocity  and wall  shear  stress.  In  contrast  to  a
cylindrical  balloon,  tapered  balloon  also  lessens  the  fore-
shortening of the stent (7.69%) and also the stress concentra-
tion in the artery and stent (4.17% and 8.61%, respectively)
[17]. These observations are translated clinically while treat-
ing  carotid  stenosis  with  conventional  and  tapered  stents
[18]. The results of a prospective study which included 148
patients, reported a significantly higher incidence of hemody-
namic complications in the patients  treated with a straight
stent as compared to those treated with tapered stents (36%
vs. 21%; p=0.04) [18]. Continuous pressure on the carotid si-
nus  attributed  to  the  straight  design  of  the  stent  could  ex-
plain higher hemodynamic complications. It is noteworthy
that the rate of restenosis was numerically but not statistical-
ly significantly higher in patients treated with straight stents
(4% vs 1%) at a six-month follow-up. [18]. However, none
of the studies explored the safety and efficacy of the tapered
stent for the treatment of LM bifurcation lesions.

BioMime Morph SES has been designed to achieve opti-
mal clinical outcomes for the treatment of lesions of tapered
coronary  arteries.  Till  date,  BioMime Morph  SES has  not
been  evaluated  to  treat  LMB  lesions.  To  the  best  of  our
knowledge,  this  is  the  first  real-world  experience  of  PCI
with BioMime Morph SES for the treatment of LMB disease
extending into branch vessels with significant tapering in the
vessel diameter. Moreover, the single-stent strategy shows
favourable long-term clinical outcomes than the two-stent ap-
proach in the management of LMB lesions [19-21]. There-
fore, in real-world practice, the single-stent crossover tech-
nique is used most commonly (about 60% of all LMB lesion-
s).  In  the  present  study  also,  all  the  patients  were  treated
with a provisional single stent strategy.

5. LIMITATIONS OF THE STUDY
The biggest limitation of our study is a small sample size

of 41 patients with no control group. The other major limita-
tion  being,  the  lack  of  use  of  Intravascular  ultrasound
(IVUS)/ OCT in unprotected left main interventions due to
financial constraints. Multivariable regression analysis was
not possible due to small  sample size and none of our pa-
tients experienced the primary outcome.

CONCLUSION
Tapered stents may be an acceptable alternative to con-

ventional stents for the intervention of left main bifurcation
lesions. The present study provides evidence for the feasibili-
ty of BioMime Morph tapered SES for the treatment of se-
lected LMB lesions. It is specially useful in intervention of
left main lesions with discrepant sizes of proximal branch-
ing vessels.

Short-term clinical outcomes are favourable. However,
large studies with IVUS imaging and long-term clinical and
angiographic follow-up studies are needed to establish the
device  as  an  alternative  to  conventional  stents  in  treating
LMB lesions in tapered vessels.
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