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Background: Percutaneous coronary intervention (PCI) of chronic total occlusions (CTO) usually involves multiple
overlapping stents implantation to cover long coronary segments. A higher rate of restenosis has been described
with stent overlapping. Recently, new long tapered stents emerged as a potential tool for treating long coronary
lesions. Feasibility of using these new devices for the CTO PCI has not been described. The aim of this work was to
describe our initial experience with 50 and 60 mm-long tapered sirolimus-eluting stents (SES) in CTO PCI.
Methods: We included 54 consecutive patients who underwent a CTO PCI and in whom an attempt to implant a
50 or 60 mm-long tapered SES was performed. Baseline clinical, angiographic, and procedural characteristics
were recorded.

Results: The median (IQR) age was 64 (58-73) years, and 45 (83.3%) patients were male. The tapered SES 50
and 60 mm-long was successfully implanted in 51 (94.4%) patients. In three patients, a 60 mm-long stent
could not be implanted, and two or three overlapped shorter drug-eluting stents were deployed instead. An
average of 1.4 + 0.6 stents per patient was implanted. A single stent was deployed in 32 (59.3%) patients. During
a median follow-up of 330 (149-551) days, repeat PCI in the target vessel was performed in two patients.
Conclusions: The use of the new BioMime Morph™ tapered SES for the treatment of CTO appears to be feasible in
a high proportion of procedures. Further studies confirming the feasibility of this approach and its potential
clinical advantages are needed.
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1. Introduction Although the incidence of in-stent restenosis after the implantation

of a drug-eluting stent (DES) is relatively low with the new devices, it

Percutaneous coronary intervention (PCI) of chronic total occlusions
(CTO) remains a challenge for interventional cardiology. In the last years,
there has been a significant increase both in the number of these proce-
dures and in the success rate, mainly due to the development of new
devices, approaches, and the specific training of new operators [1-3].
The revascularization of a CTO usually involves the implantation of
multiple overlapping stents to cover long coronary segments [2-4].

Abbreviations: PCI, percutaneous coronary intervention; CTO, chronic total occlusions;
DES, drug-eluting stent; TIMI, Thrombolysis in Myocardial Infarction.
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increases significantly when two or more stents are overlapped [5].

Very long stents and ultra-thin platforms such as novel BioMime
Morph™ (Meril Life Sciences Pvt. Ltd., Gujarat, India) sirolimus-eluting
coronary stent with bioabsorbable polymer, ultra-thin (65 pm) platform,
and tapered design, emerges as a promising tool for percutaneous treat-
ment of patients with long and diffuse coronary lesions [6-8] by reducing
stent overlapping. Our group recently described promising results in a
cohort of 50 patients with a successful implantation in 46 (92%) patients
[8]. However, technical challenges arise and the feasibility of using this
platform for the PCI of CTOs has not been described.

The aim of this work was to describe our initial experience with
these new long tapered DES for the percutaneous treatment of CTO in
terms of technical details, rates of successful implantation and clinical
follow-up.
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2. Material and methods
2.1. Patients and study design

From March 2016 to October 2018, we retrospectively included 54
consecutive patients who underwent PCI of a CTO in three third-level
hospitals by five operators (Hospital Clinico Universitario de Valencia,
Hospital General Universitario Santa Lucia, Cartagena, and Consorcio
Hospital General Universitario de Valencia, Spain) and in whom an
attempt to implant a 50 or 60 mm-long tapered DES (BioMime
Morph™) was performed. CTO was defined as an atherosclerotic lumi-
nal narrowing resulting in Thrombolysis in Myocardial Infarction
(TIMI) grade O flow for at least 3 months based on angiographic findings
or duration of patient symptoms and clinical presentation [9].

Baseline clinical, angiographic and procedural characteristics were
recorded. Continuous variables were reported as median and interquar-
tile range (IQR). Categorical data were reported as percentages.

The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a priori approval by the
institution's human research committee. Informed consent was obtained
from each patient.

2.2. Procedures

The decision to implant a 50 or 60 mm-long stent was decided by the
operator according to the angiographic characteristics of the CTO, and

Table 1
Baseline clinical and angiographic characteristics.

Baseline clinical characteristics

their personal skills and preferences. The strategies used included the
antegrade wire escalation [10], and retrograde techniques [11]. All pa-
tients in which an attempt with Biomime Morph (50 or 60 mm-long)
was made were included.

Coronary interventions were performed according to standard
hospital practice and current guidelines [12,13]. Interventional and
pharmacological strategies were left at the discretion of the operator.

2.3. Definitions

Optimal PCI result was defined as a post-PCI diameter stenosis <20%
evaluated by the operator's visual estimation.

Peri-procedural adverse cardiac events included vascular complica-
tions, catheter thrombosis, perforation, cardiac tamponade, acute renal
failure, myocardial infarction, cerebrovascular accident, cardiogenic
shock, target vessel failure requiring urgent revascularization, and
death. Major adverse cardiac events included death, non-fatal myocar-
dial infarction, or target lesion revascularization, and were adjudicated
during follow-up by independent clinicians.

3. Results
3.1. Clinical and angiographic characteristics
Baseline clinical, and angiographic characteristics are described in

Table 1. The median (IQR) patient age was 64 (58-73) years, 45
(83.3%) were male, and the most common clinical indication of PCI

Table 2
Procedure characteristics.

Age, years 64 (58-73)
Male, n (%) 45 (83.3)
Hypertension, n (%) 43 (79.6)
Diabetes mellitus, n (%) 26 (48.1)
Dyslipidemia, n (%) 31(574)
Current smoker, n (%) 12 (22.2)
Former smoker, n (%) 21 (38.9)
Clinical indication, n (%)
Stable angina 29 (53.7)
Unstable angina 5(9.3)
NSTEMI 16 (29.6)
STEMI 2(3.7)
Heart failure 1(1.85)
Ventricular tachycardia 1(1.85)
Prior stable angina, n (%) 45 (83.3)
Previous percutaneous coronary intervention, n (%) 23 (42.6)
Coronary angiography
Syntax score 15 (10-17.5)
Number of vessels diseased, n (%)
1 34 (63.0)
2 15 (27.8)
3 5(9.3)
Number of vessels treated in the same procedure, n (%)
1 43 (79.6)
2 9(16.7)
3 2(3.7)
CTO vessel, n (%)
Right coronary artery 35 (64.8)
Left anterior descending artery 17 (31.5)
Left circumflex 2(3.7)
In-stent occlusion, n (%) 7 (13.0)
J-CTO score? 2 (1-2)
Entry shape blunt, n (%) 19 (35.2)
Calcium, n (%) 31(57.4)
Bending > 45°, n (%) 5(9.3)
Length > 20 mm, n (%) 43 (79.6)
Previous attempt, n (%) 2(3.7)

Procedure characteristics

Approach, n (%)

Antegrade 49 (90.7)
Retrograde 5(9.3)
Dual injection, n (%) 28 (51.85)
Guide-extension catheter, n (%) 15 (27.8)
Guidewire, n (%)
Fielder XT® 17 (31.5)
Gaia 2nd® 8(14.8)
Progress 80® 8(14.8)
Ultimate 3® 7 (13.0)
Progress 40® 4(7.4)
Other 10 (18.5)
Microcatheter, n (%)
Caravel® 32(59.3)
Turnpike® 8(14.8)
Finecross® 7 (13.0)
Corsair ® 3(5.6)
Turnpike Spiral® 1(1.85)
None 3(5.6)
Use of a catheter extension device, n (%) 21 (38.9)
Number of stents implanted CTO vessel® 14+ 06
1,n (%) 32 (59.3)
2,n (%) 20 (37.0)
3,n (%) 2(3.7)
Total stent length, mm?* 68 4+ 13
Post-dilation, n (%) 31(574)
Fluoroscopy time, min 24 (18-31)
Contrast volume, ml 184 (155-242)
Duration of the procedure, min 76.5 (62-92)
Successful deployment of the BioMime™/number of
patients in which was attempted, n/n (%)
50 mm 4/4 (100)
60 mm 47/50 (94.0)
3.5-3.0 mm 20/22 (90.9)
3.0-2.5 mm 14/14 (100)
2.75-2.25 mm 10/11 (90.9)
All 51/54 (94.4)

Abbreviations: CTO, chronic total occlusion; NSTEMI: Non-ST-segment elevation acute

myocardial infarction; STEMI: ST-segment elevation acute myocardial infarction.

Continuous values are presented as median (interquartile range), unless otherwise specified.
¢ Variable expressed as mean + standard deviation.

Abbreviations: CTO, chronic total occlusion.
Continuous values are presented as median (interquartile range), unless otherwise
specified.

¢ Variable expressed as mean =+ standard deviation.
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was stable angina (53.7%). In most cases (96.3%) it was the first attempt
to treat the target CTO. The most common CTO target vessel was the
right coronary artery (64.8%). An in-stent CTO was present in 7
(13.0%) cases. Median (IQR) J-CTO score were 2 (1-2). Median (IQR)
Syntax score was 15 (10-17.5) (Table 1).

3.2. Procedure techniques

Procedure characteristics are described in Table 2. In most patients
(90.7%), an antegrade approach with antegrade wire escalation was
performed. Contralateral injection was performed in 28 (51.85%)
patients and retrograde technique was used in five patients (Table 2).
An exclusive trans-radial approach was performed in 36 (66.7%) cases.
Among cases performed by radial route, a SheathLess Eaucath® guiding
catheter (Asahi Intecc, Aichi, Japan) was used in 15 (27.8%) patients. A
microcatheter was used in most patients, the Caravel® (Asahi Intecc,
Aichi, Japan) being the most commonly used (59.3%). The most frequent
crossing guidewire was Fielder XT® (31.5%), followed by Progress
80® (14.8%) and Gaia 2nd® (14.8%). A guide-extension catheter
(Guideliner®, Vascular Solutions, Inc., Minneapolis, Minnesota, USA)
was used in 15 (27.8%) patients. No anchoring techniques were per-
formed. High support guide catheter curves were used for achieving
good catheter support. In 11 (20.4%) patients, other different lesions
were treated during the same procedure (Table 1).

3.3. Implanted stents

The BioMime Morph™ was successfully deployed in 51 (94.4%) pa-
tients, with an optimal angiographic result (Fig. 1). In the three remaining
patients, the BioMime Morph™ could not be deployed (two of them sized
3.5-3.0 x 60 mm and one sized 2.75-2.25 x 60 mm), due to inability to
navigate through the lesion, even after careful pre-dilatation and the
use of other extra-support techniques. Two shorter overlapped drug-
eluting stents were implanted instead in two patients, while in the
other patient, the implantation of three stents was required.

An average of 1.4 4 0.6 stents per patient was implanted. A single,
two, and three overlapped stents were deployed in 32 (59.3%), 20
(37.0%), and two (3.7%) patients, respectively.

3.4. Follow-up

During the procedure, one patient had a mild perforation with the
guidewire (class 2 of Ellis classification), which was treated by prolonged
balloon inflation. Another patient had a brachial perforation and resolved
with arm compression. There were no other peri-procedural complica-
tions. After discharge, and during a median follow-up of 330 (149-
551) days, a scheduled coronary angiography was performed in two
patients due stable angina at 7 and 21 months, respectively. In both
cases, the coronary angiography showed previous stents patency

Fig. 1. Images of the coronary angiography of three patients in which BioMime™ 60 mm-long sirolimus-eluting stents were successfully deployed. Figures A1, B1, and C1: baseline
coronary angiography. Figures A2, B2 and B2: coronary angiography after pre-dilatation. Figures A3, B3 and C3: Biomime Morph 60 mm implantation. Figures A4, B4 and C4: final result.
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without significant restenosis, but a new severe stenosis in the proximal
segment of the target vessel was present and a new stent was deployed
in each patient (Figs. 2 and 3). No pre-specified adverse clinical events
were recorded.

4. Discussion

To the best of our knowledge, this is the first report describing the
experience with this novel 50 and 60 mm-long tapered DES for the
treatment of CTO. Usually, CTO PCI requires the deployment of multiple
overlapping stents, which is time-consuming, increases material expen-
diture and is associated with higher risk of adverse events [5,14]. In our
case series, we managed to deploy with a successful result 51 of the 54
(94.4%) 50 and 60-mm long tapered DES in which it was attempted. In
almost 60% of the patients, a single stent was implanted, avoiding the
need for overlapping stents. These figures are lower than those reported
in recent registries of CTO PCI, in which the average of implanted stents
ranged from 2.1 to 2.85 [2-4]. Furthermore, and despite that other
vessels were treated during the same procedure in 8 patients, PCIs
were performed with an acceptable mean fluoroscopy time and
contrast volume [15].

4.1. The problem of stents overlapping

Stent overlap is associated with increased in-stent restenosis and
lumen loss due to delayed healing and increased inflammation [5,16].
It may result in wide variations in mural drug concentration with
areas of depletion and excessive concentration [17]. In first-generation

DES, it has been described that overlapping struts or many struts located
very close may amplify the risk for thrombogenic effects. This increased
risk could be explained by local hypersensitivity reaction to a specific
polymer or drug [18], persistent inflammation [19], stent thrombosis
and in-stent restenosis because of increased arterial injury, poor
endothelization, and delayed healing [18-20]. In addition, the overlap
geometry has been described to cause, by itself, unfavorable flow condi-
tions that may worsen clinical outcome [21]. Moreover, the use of
several overlapped segments leads to engagement of secondary
branches due to the presence of a physical double layer of stent struts
[22]. Finally, the use of multiple overlapping stents significantly
increases the duration of the procedures, fluoroscopy time, contrast
volume (14), and cost of the procedure. Therefore, the use of a single
long length tapered DES would, theoretically, translate into a decrease
of the deleterious effects of stents overlapping.

4.2. Limitations

Some limitations need to be addressed. First, this is a retrospective
observational study aimed to describe our initial experience with this
novel DES in CTO PCI, and as such, included a limited number of
patients. Second, given that the sample here evaluated only included
patients in which the deployment of a 50 or 60 mm-long stent was
attempted, the generalizability of our results may be hampered by
selection bias. Third, with the present data we could not evaluate the
restenosis rate and long term vessel patency (no scheduled control
angiograms during the follow-up were performed except for two
patients). Fourth, intravascular ultrasound imaging was performed in

Fig. 2. Initial and scheduled coronary angiography at 7 months. A) First procedure. Proximal LAD CTO (A1). Biomime Morph 2.75-2.25 x 60 mm deployment (A2). Final result (A3). B)
Second procedure. Previous stent patency, with IVUS showing a good apposition and expansion of the stent without restenosis (B1). Severe lesion in proximal LAD (ostium), with
IVUS showing a minimal lumen area of 2.4 mm? at this point and 5.4 mm? proximally to the stent (B2). Final result after an everolimus 3.0 x 23 mm implantation in LM-LAD
(provisional stent technique) (B3). CTO: chronic total occlusion; IVUS: intracoronary ultrasound; LAD: left anterior descending artery; LM: left main.
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Fig. 3. Initial and scheduled coronary angiography at 21 months. A) First procedure. Proximal RCA CTO (A1). Biomime Morph 3.5-3.0 x 60 mm deployment (A2). Final result (A3).
B) Second procedure. Previous stents patency (B1 and B2). Severe lesions in proximal RCA (B2). Final result after an everoliums 3.5 x 23 mm stent implantation in proximal RCA (B3).

CTO: chronic total occlusion; RCA: right coronary artery.

only two patients; therefore, the length of the lesion was not accurately
measured with this technique. Finally, given the low sample size and
the low number of failures, we cannot infer data about the predictors
of implant failure.

5. Conclusions

According our series, BioMime Morph™ 50 and 60 mm-long DES is a
feasible alternative for the percutaneous treatment of CTO. Additional
evidence confirming our results and further evaluating the clinical
impact over different approaches are needed.
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