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Abstract

Introduction: Despite the dominance of drug-eluting stents in modern interventional cardiology, there is still a niche for bare
metal stents.

Aim: The aim of the Polish NexGen registry was to evaluate the safety and efficacy of a new generation cobalt-chromium Nex-
Gen stent in a real life patient population.

Material and methods: A prospective multi-center registry was conducted in five clinical sites of American Heart of Poland. Three
hundred and eighty-three patients who underwent percutaneous coronary intervention (PCl) with NexGen stent implantation were
included. Clinical follow-up was performed at 1, 6 and 12 months. Additionally, a group of 42 randomly selected patients underwent
control angiography at 6 months (10.96% of study population). The primary endpoint was occurrence of target vessel revascularization
(TVR) at 6-month follow-up. Angiographic endpoints included rates of binary restenosis and late lumen loss at 6-month follow-up
based on QCA analysis. Multivessel disease was present in more than 70% of patients, and 52.4% of lesions were complex. The main
indications for angiography were non-ST elevation acute coronary syndromes (54.8%) and ST elevation myocardial infarction (34.99%).

Results: At 6-month follow-up 47 (12.7%) patients reached the primary endpoint of TVR. The composite of major acute cardiac
event rates at 30-day and 6- and 12-month follow-up was 6.01% (n = 23), 18.5% (n = 69) and 25.21% (n = 92) respectively. Control
angiography performed after 6 months showed in-stent late loss of 0.66 £0.71 mm and a binary restenosis rate of 16.7%.

Conclusions: Our study showed that PCl with the NexGen stent is safe and effective at 6- and 12-month follow-up. Angiographic
results showed a satisfactory restenosis rate and low late lumen loss.

Key words: stent, cobalt-chromium, ultrathin struts, hybrid cell design, all-comers patient population.

Introduction antiplatelet therapy with acetylsalicylic acid and clopido-

For the last few years, new generation drug-eluting
stents (DES) have become the treatment of choice for the
vast majority of patients undergoing percutaneous coro-
nary interventions (PCl). Drug-eluting stents have proved
to be more efficacious than bare metal stents (BMS),
especially in reduction of the restenosis rate and the
need for repeated revascularization [1]. Despite the dom-
inance of DES in modern interventional cardiology, there
is still a niche for bare metal stents. Bare metal stents
may be considered in the situation of triple antiplatelet
therapy using novel oral anticoagulants (NOAC) or double

grel in patients with high bleeding risk (HAS-BLED score
> 3). In such clinical scenarios there are still no data from
randomized trials that could recommend new generation
DES over BMS [2], and the choice of stent needs to be
made on an individual basis. Therefore, it is necessary
to further improve stent design by introducing new ma-
terials or material modifications, decreasing strut thick-
ness or by changing mechanical parameters of stents.
New generation bare metal stents are characterized by
ultra thin struts — a feature that improves their flexibility
and deliverability. It also reduces vessel wall injury during
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implantation, which leads to faster endothelialization
and a lower rate of restenosis [3, 4]. Another important
feature that may decrease vessel wall injury is an asym-
metrical pattern of stent opening, which puts less stress
on stent edges. The new generation NexGen (Meril Life
Science Pvt. Ltd, Vapi, Gujarat, India) cobalt-chromium
bare metal stent combines all these features in a single
device.

Aim
The aim of the Polish NexGen Registry was to de-

termine the safety and efficacy of the NexGen stent in
a “real world” patient population

Material and methods
Device description

The balloon expandable NexGen bare metal stent
(Meril Life Sciences Pvt, Ltd., Vapi, Gujarat, India) is
based on an L605 cobalt-chromium platform, which in-
corporates ultra-thin struts (65 pm) with a unique hy-
brid cell design comprising a mix of open and closed cells
in order to provide optimal radial strength (recoil < 3%)
and uncompromised side branch access (open cells in
the middle) without worsening flexibility (Figure 1). The
design of the balloon allows balloon-related edge injury
to be minimized due to abrupt shoulders and minimal
overhang (once crimped). It also allows morphology-me-
diated expansion from the middle (center) to the edges
during deployment (Figure 1).

Study design

The NexGen Registry is a prospective multi-center reg-
istry conducted in 5 clinical sites located in Poland. The
study was performed with the approval of the local Eth-
ical Committee. Informed, written consent was obtained
from all study participants. The registry includes patients
hospitalized between January 2010 and June 2011 who

underwent PCl with the NexGen stent and who were
reachable by telephone contact at 30-day follow-up. Clin-
ical follow-up (FU) was performed by telephone contact
at three time points: 30 days, 6 months and 12 months
after discharge. During telephone contacts information
was gathered on any major adverse cardiac or cerebro-
vascular events as well as on angina status and cardio-
vascular drug use. There were no limitations to the num-
ber of treated vessels, lesions, lesion length and diameter.
In the case of multiple lesions, all lesions were treated
with the NexGen stent. The exclusion criteria were as
follows: contraindications to dual antiplatelet therapy
(DAPT), cardiogenic shock, prolonged resuscitation be-
fore the procedure and use of stents other than NexGen.
Initially, a group of 50 randomly selected patients was
scheduled for control coronary angiography in order to
evaluate stent efficacy based on binary restenosis and
late lumen loss at 6-month follow-up. Eventually, 42 of
them consented and underwent elective coronary angi-
ography (10.96% of the study population). Percutaneous
coronary intervention was performed using standard
techniques. Pharmacological treatments recommended
by the European Society of Cardiology were introduced
before and after intervention. All patients received both
aspirin (75 mg once daily) and clopidogrel (75 mg once
daily) for 30 days in the case of stable coronary artery
disease and 12 months in the case of acute coronary syn-
dromes, followed by aspirin alone thereafter. Predilata-
tion was not obligatory and depended on the operator’s
preferences.

Definitions and end points

Hemodynamically significant lesions were defined
as > 50% diameter stenosis in the left main (LM) and
proximal segment of the left anterior descending (LAD)
coronary arteries or > 70% diameter stenosis in other
segments. Angiographic success was defined as residu-
al stenosis < 20% in the presence of TIMI flow 3 after
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Figure 1. Hybrid cell design and morphology mediated expansion of NexGen stent
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studied device placement [5]. Procedural success was
achieved with a satisfactory angiographic outcome in the
absence of peri-procedural major adverse cardiac events
(MACE) defined as a composite of cardiac death, myocar-
dial infarction and clinically indicated target lesion revas-
cularization according to the definitions of the Academic
Research Consortium (ARC) [6]. Successful delivery and
deployment of NexGen with withdrawal of the stent de-
livery system together with confirmation of angiographic
success was considered as device success.

The primary efficacy endpoint was the occurrence of
target vessel revascularization (TVR) defined as a repeat
intervention (surgical or percutaneous) to treat luminal
stenosis within the epicardial artery previously treated
with the studied device at 6-month FU.

Secondary endpoints included clinically indicated
target lesion revascularizations (TLR), MACE, all-cause
death, cardiac death and stent thrombosis evaluated at
30-day, 6- and 12-month follow-up. Additionally, device
success and procedural success were assessed. By proto-
col, all deaths were considered cardiac unless a non-car-
diac cause could be clearly established by either clini-
cal assessment or pathological study. Stent thrombosis
was classified based on timing of occurrence after stent
implantation and was considered as acute (0 to 24 h),
sub-acute (> 24 h to 30 days), or late (> 30 days). Stent
thrombosis was defined as certain if it had been con-
firmed during coronary angiography or during post-mor-
tem examination. Probable stent thrombosis was diag-
nosed when a heart attack occurred in the area supplied
by the previous stented artery and was not confirmed by
coronary angiography. Angiographic endpoints included
rates of binary restenosis and late lumen loss at 6-month
follow-up based on quantitative coronary angiography
(QCA) analysis.

Angiographic analysis

Quantitative coronary angiography measurements
were performed independently by two experienced
interventional cardiologists. Two contralateral projec-
tions were chosen for stent assessment. Angiograms
of stented segments were analyzed in views showing
most severe stenosis at the following time-points: be-
fore intervention, after intervention and at 6-month
follow-up. Measurements were made based on calibra-
tion of a contrast-filled catheter and automatic contour
detection of the treated segment using an automated
edge detection algorithm (MEDIS, Cardiovascular angi-
ography, the Netherlands). Reference vessel diameter
(RVD) was calculated as the arithmetic mean of vessel
diameter in segments proximal and distal to the target
lesion. Percent diameter stenosis (%DS) was defined as
the difference between RVD and minimal lumen diame-
ter (MLD) divided by the reference diameter multiplied
by 100. Late loss (LL) was defined as the difference be-
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tween MLD in the angiogram obtained after stent im-
plantation and at the follow-up. Binary restenosis was
defined as stenosis of 50% or greater of the MLD in the
target lesion at angiographic follow-up. Acute gain was
defined as the change in the MLD from baseline to the
final procedural angiogram.

Statistical analysis

All clinical and angiographic continuous variables with
normal distribution are expressed as mean + SD. Contin-
uous variables without normal distribution are expressed
as median with interquartile range. Normal distribution
of variables was verified by the Kolmogorov-Smirnov and
Lilliefors test for normality.

Results
Demographic characteristics

The analysis consists of baseline clinical data (383
patients) and consecutive follow-up data collected at
1 month (383 patients), 6 months (373 patients, 2.61%
lost to follow-up) and 12 months (365 patients, 4.7%
lost to follow-up). Of 50 patients randomly scheduled for
control angiography at 6-month FU, 42 consented and
underwent elective procedure. The majority of patients
were male, and mean age was 66.6 years (Table I). The in-
cidence of diabetes mellitus was 30.29%. Current smok-

Table I. Baseline clinical characteristics

Parameter Number Percentage or standard
deviation
Age 66.6 SD =10.22
Male 257 67.1%
Female 126 32.9%
Diabetes mellitus 116 30.29%
Hypertension 311 81.41%
Dyslipidemia 192 50.13%
Current smoker 87 22.72%
History of Ml 109 28.46%
History of PCl 93 24.28%
History of CABG 12 3.13%
SA 39 10.18%
UA 127 33.16%
NSTEMI 83 21.67%
STEMI 134 34.99%
LVEF (%) 50.66 SD=10.2

MI — myocardial infarction, PCl — percutaneous coronary intervention, CABG —
coronary artery bypass graft, SA — stable angina, UA — unstable angina, NSTEMI
— non-ST segment elevation myocardial infarction, STEMI — ST segment eleva-
tion myocardial infarction, LVEF — left ventricular ejection fraction.
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ers constituted 22.72% of patients. History of myocardial
infarction (MI) and prior revascularization procedures
occurred in a substantial number of screened patients,
respectively in 28.46% and 27.41%. The main indication
for angiography was non-ST elevation acute coronary
syndromes (NSTE-ACS) (54.8%). ST elevation myocardial
infarction (STEMI) occurred in 34.99% and stable angina
(SA) in 10.18% of patients enrolled in the study.

Table II. Baseline angiographic characteristics

Variable Number Percentage or
interquartile range
1-vessel CAD 105 27.42%
2-vessel CAD 135 35.25%
3-vessel CAD 143 37.44%
Lesions distribution:
LM 24 6.27%
LAD 247 64.49%
Cx 230 60.05%
RCA 303 79.11%
SVG 6 1.57%
LIMA 1 0.26%
Ostial lesion 17 4.51%
Bifurcations 29 7.71%
Thrombus 123 32.62%

ACC/AHA lesion type based on core lab (42 patients):

Angiographic and procedural characteristics

Analysis of baseline angiography revealed that
72.69% of patients had multivessel disease including
left main disease and only 27.42% had single vessel dis-
ease (Table Il). The angiographic analysis of patients who
underwent control angiography showed that 47.6% of
lesions were classified as simple (including type A and
B1) while 52.4% were complex lesions (including type B2
and C). The average stent length per lesion was 29.0 mm
and mean stent diameter was 3.0 mm. Almost 46.54%
of cases were performed using the direct stenting tech-
nique. In 3 cases during the procedure, margin dissec-
tions occurred; they were provided with implantation of
additional overlapping stents according to the protocol.
The device success rate was 99.78% and procedural suc-
cess was achieved in 98.7%.

Clinical and angiographic outcomes

During hospitalization one patient experienced myo-
cardialinfarction due to acute in-stentthrombosis and was
successfully treated with balloon angioplasty (Table I11).
Four (1.04%) patients died. At 6-month FU 47 (12.7%)
patients reached the primary endpoint of TVR. The com-
posite of MACE rates at 30-day, 6- and 12-month FU was
6.01%, 18.5% and 25.21% respectively. The rates of Ml
after 30 days, 6 and 12 months were 1.83%, 3.49% and
4.38% respectively (Table IV). There was one acute stent
thrombosis and 1 case of late stent thrombosis during
12-month follow-up (Table IlI).

Baseline QCA analysis showed mean percent diam-
eter stenosis of 80.93 +19.28% (Table V). Post proce-
dure in-stent %DS was significantly reduced to 14.42%

Tyfpe &4 d 2% +7.21% with acute gain of 2.06 +0.60 mm. Control angi-
Type Bl 13 31.0% ography performed after 6 months showed in-stent late
loss of 0.66 +0.71 mm and a binary restenosis rate of
Type B2 16 38.1% o
16.67% (7 cases; 3 of them were focal and another 4 af-
Type C 6 14.3% fected the entire stent).
Number of stents per lesion: . .
Discussion
1 276 72.44% . .
In this study we tested the new generation balloon
2 94 24.67% expandable NexGen bare metal stent, which is based
3 3 1% on an ultra-thin cobalt-chromium platform and utilizes
a hybrid cell design allowing for morphology mediated
“ 2 Loz expansion from the middle to the edges. Such construc-
5 1 0.26% tion should allow for fast arterial healing and favorable
AR S gl per 2900 SO Table Ill. Rate of stent thrombosis during hospita-
lesion [mm] -
- lization and follow-up
Mean stent diameter 3.0 IQR: 2.75-3.50
[mm] Stent thrombosis Number Percentage
Mean inflation pressure 16.0 |QR: 14.0-18.0 YAy 1 006
[atm]
Direct stenting 175 46.54% ST at 6-month follow-up 1 0.27 (0.26)
CAD — coronary artery disease, LM — left main, LAD — left anterior descending ST at 12-month follow-up 2 0.54 (0.52)

artery, Cx — circumflex artery, RCA — right coronary artery, SVG — saphenous vein
graft, LIMA — left internal mammary artery.
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procedural results. Thin struts assure low blood flow per-
turbance, and theoretically faster endothelialization and
reduction of in-stent restenosis [3, 7]. In experimental
settings it has been shown that NexGen stents signifi-
cantly reduced neointimal thickness 28 days after im-
plantation (p = 0.004) as compared to bare metal stent
with strut thickness of 105 pm [8]. Similarly, thin struts
allow the production of stents with an extremely low
profile that helps in device deliverability and flexibility.
In addition, asymmetrical stent opening may reduce the
incidence of margin dissection.

In our study, the majority of included patients fall into
the category of the all-comers registry representative of
everyday clinical practice of treatment of acute coronary

Table IV. Rate of composite MACE and individual
components of MACE and stroke at 30-day, 6- and
12-month follow-up

Krzysztof Milewski et al. The Polish NexGen Registry

syndromes in Poland. Indeed, 89.82% of patients in the
study presented with acute coronary syndromes. In ad-
dition, a substantial population consisted of elderly pa-
tients, having coexisting diseases which might require
early discontinuation of dual antiplatelet therapy, or pa-
tients who are likely to be non-compliant. Importantly,
one third of patients had 3-vessel disease, total stent
length per lesion was 29.0 mm, and most of the lesions
were classified as complex (B2 and C based on the AHA/
ACC classification). Despite this challenging anatomy, the
device success rate was 99.78% and procedural success
was achieved in 98.7%. In addition, direct stenting was
used in almost half of cases (46.54%). These data sug-
gest good stent flexibility and deliverability. The percent-
age of margin dissection in the whole treated population
was very low (0.7%) and could be explained by the asym-
metrical pattern of stent implantation.

Acute stent thrombosis confirmed by coronary angi-
ography occurred in 1 (0.22%) case and was successfully

Variable Number  Percentage treated with balloon angioplasty. In-hospital mortality
Thirty-day follow-up (n = 383): was low at 1.04%. For comparison, in the large analysis

TACE = ol performed by Badheka et al. in-hospital mortality in the

BMS group was 1.4% [9].

TVR 10 2.61 At 1-month follow-up TVR was 2.6% and no certain

E o 250 case of stent thrombosis occurred. Mortality at this time

Sulzpavie sient e msess ! e Table V. Quantitative coronary artery analysis

Myocardial infarction 7 1.83 Parameter Value

Stroke 0 0.00 Before implantation:

All cause death 9 2.35 MLD [mm] 0.57 +0.63
6-month follow-up (n = 373): RD [mm] 2.96 +0.77

MACE 69 18.50 %DS 80.93 +£19.28

TVR 47 12.60 %AS 92.74 £8.41

TLR 39 10.46 After implantation:

Stent thrombosis 1 0.27 MLD [mm] 2.60 +0.57

Myocardial infarction 13 3.49 RD [mm] 3.03 +0.56

Stroke 4 1.07 %DS 14.42 +7.21

All cause death 14 3.75 %AS 26.30 £11.86
12-month follow-up (n = 365): Acute gain [mm] 2.06 +0.60

MACE 92 25.21 6-month follow-up:

TVR 65 17.81 MLD [mm] 1.98 +0.94

TLR 50 13.70 RD [mm] 2.90 £0.67

Stent thrombosis 2 0.54 %DS 33.09 +24.77

Myocardial infarction 16 438 %AS 49.24 +24.84

Stroke 5 137 Late loss [mm] 0.66 +0.71

All cause death 19 5.21 Binary restenosis 16.67% (n=7)

MACE — major adverse cardiac events, TVR — target vessel revascularization,
TLR — target lesion revascularization.

Advances in Interventional Cardiology 2016; 12, 3 (45)

MLD — minimal lumen diameter, RD — reference diameter, %DS — % diameter
stenosis, %AS — % area stenosis.
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point was 2.35%. At 6-month follow-up TVR as the primary
endpoint of the study occurred in 12.6% of cases. Although
a few earlier reports of BMS use showed a lower rate of
TVR, the total stent length used in their studies was sig-
nificantly shorter than that in our study (between 15.6 mm
and 20.3 mm in 7 BMS reports vs. 31.5 mm in our study)
[10-16]. In addition, although in clinical studies including
the SOLSTICE registry the authors tested their stents in
complex real world settings, all included patients had only
one stent per lesion (number of lesions = 292 and num-
ber of stents = 293) [12]. This is in contrast to our study,
in which 27.55% of patients had more than one stent im-
planted (2 stents were implanted in 24.67% of patients and
more than 2 in 2.88% of patients), and in our opinion it is
closer to the real world patient population, explaining any
differences in the results. During the whole study period
there was only one case of definite late stent thrombosis
(0.27%), and death occurred in 3.75% of patients.

Importantly, the QCA analysis revealed relatively low
late lumen loss of 0.66 +0.71 mm and a favorable rest-
enosis rate of 16.67%, especially in terms of the use of
BMS in a complex patient population.

All these data confirm the safety of NexGen stents
and efficacy at the level found in other BMS. A recent
study by Urban et al. demonstrated higher safety and ef-
ficacy of third generation polymer-free Biolimus-eluting
stents when used with 1-month DAPT in a selected popu-
lation of patients at high risk of bleeding when compared
to BMS [17]. However, the stent used in the mentioned
study was 72% thicker (112 pm) than NexGen, which
may have impacted the results. Additionally, the latest
ESC guidelines on myocardial revascularization still rec-
ommend DAPT administration for at least 1 month after
BMS and 6 months after new generation DES implanta-
tion in patients with stable coronary artery disease [18].
Therefore the conducted study suggests that in a select-
ed group of patients including older patients with high
risk of bleeding, BMS may still be a valuable option to
treat coronary artery disease. Based on published data,
also other clinical and economic situations may be jus-
tified to use these stents. In a prospective collection of
data from 31 centers in Europe and Asia, the authors
aimed to identify the main reason for implantation of
BMS rather than DES in 744 consecutive PCls. They found
eight indications for using BMS including large vessel di-
ameter (32.4%); ST-segment elevation myocardial infarc-
tion (17.7%); reimbursement/regulatory/other reasons
(9.4%); advanced age (12.4%); concomitant oral antico-
agulant treatment (11.3%); increased bleeding risk, can-
cer, or anemia (9.5%); planned noncardiac surgery within
the next year (5.5%); and anticipated poor DAPT compli-
ance (1.7%) [19].

Although the NexGen Registry is rather a short-term
assessment of safety and efficacy, it is widely accepted
for bare metal stent technology evaluation. The proposed
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method of clinical evaluation in the study had its disad-
vantages. Telephone contact was satisfactory in routine
cases but not sufficient especially in case of death. The
patient’s family often did not provide full information, and
determining the cause of death was often impossible. In
such cases, death was always regarded as cardiac, which
could result in overestimation. Another problem that the
investigators encountered was hospitalization in units
other than randomizing. Then MACE was often difficult to
classify, especially in cases with a lack of medical docu-
mentation. Investigators always accepted the least favor-
able version for the study. These facts could lead to false
clinical results. Importantly, at the time of the registry the
penetration of DES in Poland was approximately 40% due
to the reimbursement practices, but nowadays it is almost
80%, so the data provide the safety profile of BMS but have
less value in the contemporary practice of widespread DES
use. The potential advantage of the NexGen stent is its
asymmetrical expansion, which theoretically reduces edge
dissection. Unfortunately, in our study we were using only
angiographic evaluation of arteries, which is limited by
relatively low resolution and does not enable one to pre-
cisely evaluate edge dissection as OCT could precisely do.
This study was a single arm, open-label registry; therefore
one of the major limitations of this study was a lack of
randomized comparison to another type of therapy. Final-
ly, although two independent interventional cardiologists
performed QCA analysis, this should be optimally done in
an external and independent core laboratory.

Conclusions

Our study showed that the NexGen stent is safe and
effective BMS technology. The presented data should be
interpreted in the context of the progress of BMS design
in a similar manner as in DES. Clearly the technology of
stent construction, especially reduction of strut thick-
ness, should affect the outcomes, especially late lumen
loss and restenosis rate. Overall, interim data from the
Polish NexGen registry showed satisfactory outcomes in
terms of clinical events. Angiographic results were also
encouraging to create DES based on the NexGen plat-
form for further improvements of endovascular proce-
dure quality.
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