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Objectives: We sought to explore the immediate results of Titan2V
R

stent implantation
in small coronary arteries, as well as the incidence of major adverse cardiac events
(MACE) at six months follow-up. Background: The safety of Titan2V

R

stent has been
confirmed in several studies in real-life unselected populations. Methods: We enrolled
311 consecutive patients admitted for percutaneous intervention for at least one signif-
icant (50%) de novo lesion in a native small coronary artery (2.0–2.75 mm). All lesions
were treated with Titan2V

R

stent implantation. Patients were prospectively followed up
for at least six months. The primary endpoint was MACE at six months follow-up
[death, myocardial infarction (MI), or target vessel revascularization (TVR)]. Secondary
endpoints included angiographic and clinical procedural success, in-hospital MACE,
target lesion revascularization (TLR) during follow-up, and stent thrombosis. Results:
The mean age was 67.3 6 10.9 years (65.9% males). A total of 356 Titan2V

R

stents were
implanted in 353 lesions. Angiographic and clinical procedural success was achieved
in 344 (97.5%) patients. No case of in-hospital MACE or acute stent thrombosis was
reported. Clinical follow-up was completed for an average of 8 6 2 months. Two
patients (0.7%) died, and 6 (2.1%) developed MI. TLR was performed in 12 (4.2%) and
TVR in 16 (5.5%) patients, all were clinically driven. Cumulative MACE occurred in 20
(6.9%) patients. One patient suffered subacute stent thrombosis, but no late stent
thrombosis. Conclusions: Titan2V

R

stent implantation in small coronary arteries
achieves excellent immediate outcome, with a low incidence of MACE at mid-term fol-
low-up. VC 2010 Wiley-Liss, Inc.
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INTRODUCTION

Percutaneous coronary stent implantation has notably
improved procedural safety and promoted a better out-
come of percutaneous coronary interventions (PCI) as
compared with balloon angioplasty alone [1,2]. How-
ever, since the introduction of coronary stents, resteno-
sis-the result of neointimal hyperplasia-has always
been the ‘‘Achilles Heel’’ of this technique, often cul-
minating in repeat revascularization with increased
healthcare cost [3,4]. The incidence of restenosis after
uncoated stents may approach 30% in several sub-
groups of patients, including diabetics, patients with
small coronary vessels or long lesions [5,6].

The recent introduction of drug-eluting stents (DES)
has revolutionized the practice of coronary angioplasty,
since it has reduced the occurrence of restenosis by
50–70% [7,8]. Nevertheless, data from meta-analyses
and registries have questioned the long-term safety of
drug-eluting stents, raising concerns about a higher risk
of late stent thrombosis, a potentially life-threatening
complication [9–11].

Ultimately, the invention of bioactive stents (BAS)
has been a form of natural evolution of stent technol-
ogy. The safety of titanium-nitride-oxide-coated stents
(Titan2

VR
, Hexacath, Paris, France) has been confirmed

in several studies in real-life unselected populations
[12–16]. Interestingly, several randomized studies have
demonstrated an even ‘better’ outcome with BAS in
comparison with Paclitaxel-eluting stents in the real-
world setting of high-risk patients and complex (type B
and C) coronary lesions [17,18], as well as in patients
with acute myocardial infarction (MI) [19,20]. How-
ever, available data are limited regarding the use of
BAS in patients with small coronary arteries. The pur-
pose of this registry is to explore the immediate clini-
cal and angiographic outcome of Titan2

VR
stent implan-

tation in small coronary vessels, as well as the inci-
dence of major adverse cardiac events (MACE) during
follow-up for at least six months.

MATERIALS AND METHODS

Study Design and Patient Selection

EXTREME Registry (Titanium-nitride-oxide coated
stents in small coronary arteries) is a prospective non-
randomized, multicenter registry with the chief aim to
evaluate the use of Titan2

VR
stent in small and extra-

small coronary arteries. From June 2004 through De-
cember 2005, we enrolled a total of 311 consecutive
(as possible) patients with symptomatic ischemic heart
disease admitted to undergo PCI. We considered
patients as eligible for enrollment if they were above
18 years, had at least one significant de novo lesion

(defined as at least 50% diameter stenosis by visual
estimation) in a native small coronary artery (defined
by a reference diameter of 2.0–2.75 mm at lesion site).
Lesions with a diameter between 2.0 and 2.25 mm
were included only if their length was below 13 mm
(since Titan2

VR
stent is available in these diameters,

only in lengths of 7, 10, and 13mm). Treatment of
more than one vessel was permissible, but only
Titan2

VR
stent was allowed, as dictated by the registry

protocol. The stenting indication was determined by
operator’s discretion. We excluded patients with
chronic renal insufficiency (serum creatinine above
3.0 mg/dl), pregnancy, bleeding risk (for example:
active peptic ulcer), known hypersensitivity to aspirin
or heparin, patients stented with two stents of different
types, those with chronic total occlusion of the target
vessel and those currently enrolled in another study.
Before inclusion, an informed written consent was
obtained from each patient and the study protocol was
approved by the local institutional human research
committee in each individual center as it conforms to
the ethical guidelines of the 1964 Declaration of Hel-
sinki, as revised in 2002.

Device Used

A commercially available stent (Titan2
VR
, Hexacath,

Paris, France), with a unique patent helicoidal design,
was used in this study. It is a tubular thin-strut (0.07–
0.09 mm) balloon expandable stent made of stainless-
steel and coated with titanium-nitride-oxide which
completely prevents discharge of nickel, chromium and
molybdenum ions. The stent is available in lengths of
7, 10, 13, 16, 19, 22, and 28 mm for stents with diam-
eter 2.50 and 2.75 mm. For stents with diameter 2 and
2.25 mm (Titan2 X-Small

VR
), only the lengths 7, 10,

and 13 mm were available.

Adjunctive Pharmacological Therapy

All included patients were already pretreated with
aspirin (100 mg daily). Oral clopidogrel was initiated
with a loading dose of 300 mg at least 6 hr before the
procedure and continued thereafter in a daily dose of
75 mg for at least one month. For patients with allergy
to clopidogrel, oral ticlopidine was administered in a
dose of 250 mg twice daily orally, started one day
before the procedure and continued thereafter for at
least one month. During the procedure, intravenous
heparin was given to maintain an activated clotting
time between 200 and 300 sec. Use of peri-procedural
glycoprotein IIb/IIIa inhibitors was left entirely to the
operator’s discretion. The medical treatment of coro-
nary artery disease was optimized according to the
contemporary guidelines.
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Quantitative Coronary Analysis

Coronary angiograms were obtained in multiple
views after intracoronary injection of nitrates. Quantita-
tive analysis of angiographic data before the procedure
was performed in each participating center according
to the standards of care, using validated edge detection
techniques. A contrast filled non-tapered catheter was
used for calibration. Interpolated reference vessel diam-
eter, minimal lumen diameter, percent diameter steno-
sis, and lesion length were measured before the proce-
dure as well as residual stenosis following stent im-
plantation.

Angioplasty Procedures

Predilatation was left to operator’s discretion. The
operator decided the appropriate diameter to be
implanted aiming at a stent: vessel ratio of 1.1:1 prior
to stent placement (using nominal pressure). After stent
deployment, post-dilatation was allowed as necessary
(at operator’s discretion) to ensure that residual steno-
sis was <20% (by visual estimation) with a TIMI
grade 3 distal flow. An additional Titan2

VR
stent could

be deployed in case of edge dissection, incomplete
lesion coverage or otherwise suboptimal result (always
left to operator’s discretion). The procedures con-
formed to the European guidelines for PCI.

Follow-Up

All patients were observed during hospital stay for
the occurrence of the clinical end-points prespecified
by the study protocol (as described below). Patients
were prospectively followed up for at least six months
by means of clinical visits or telephone contact by the
attendant cardiologists. Follow-up coronary angiogra-
phy was performed for patients developing recurrent
symptoms during the follow-up period. The decision to
perform further revascularization for the target lesion
at follow-up coronary angiography was based on clini-
cal justification (as described below). All patients’ data
available from hospital records, institutional electronic
database, or referring physicians, were entered into
electronic case report forms in the participating centers,
provided by an independent data coordinator service
(Kika Medical).

Study Endpoints and Definitions

The primary endpoint of the study was the occur-
rence of MACE during follow-up for at least six
months. Secondary endpoints included angiographic
and clinical procedural success, in-hospital MACE, tar-
get lesion revascularization (TLR) during follow-up,
and stent thrombosis. MACE were defined as a com-

posite of cardiac death, non-fatal MI including Q wave
and non-Q wave MI, or target vessel revascularization
(TVR). MI was diagnosed by persistent ischemic-type
chest pain with a rise in the creatine kinase-MB frac-
tion of more than three times the upper limit of normal
lab reference, according to the ACC /AHA/ SCAI
guidelines update for PCI [21]. Q wave MI was distin-
guished by the development of new abnormal Q waves,
while their absence identified non-Q wave MI. TLR
was defined as re-intervention (surgical or percutane-
ous) to treat significant luminal stenosis within the
stent or in the 5-mm distal or proximal segments adja-
cent to the stent. TVR was defined as reintervention to
treat any lesion located in the index epicardial vessel.
Revascularization was regarded as ‘‘clinically-driven’’
if it was motivated by anginal symptoms and/or myo-
cardial ischemia in the target vessel territory proven by
non-invasive testing. Angiographic procedural success
was defined as successful implantation of the assigned
study stent into the target lesion with residual stenosis
<20% and a TIMI 3 flow at the conclusion of the pro-
cedure, in the absence of dissection or thrombosis.
Clinical procedural success was defined as angio-
graphic success in the absence of in-hospital MACE.
Stent thrombosis was diagnosed by the presence of an
acute coronary syndrome with angiographic evidence
of either vessel occlusion or thrombus within the study
stent, according to the ‘‘definite category’’ definition of
the Academic Research Consortium [22]. We classified
stent thrombosis into: acute (occurring within 24 hr of
the index procedure), subacute (occurring after 24 hr
but within 30 days), and late (occurring after 30 days).
Angiographic restenosis was defined as 50% diameter
stenosis (by visual estimation) within the stent or in
the 5-mm distal or proximal segments adjacent to the
stent, at follow-up coronary angiography.

Statistical Analysis

As EXTREME was an observational registry, there
was no formal statistical hypothesis. No formal power
calculation was performed. Continuous variables were
presented as mean � SD. Categorical variables were
described with absolute and relative (percentage) fre-
quencies. Analyses were performed with Eventa Soft-
ware (Kika Medical) version 2.18.2.

RESULTS

Baseline Clinical and Angiographic
Characteristics

A total of 311 patients-who received at least one
Titan2

VR
stent in small coronary arteries (as defined
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before) were included in the EXTREME registry. Base-
line clinical characteristics of the study population are
shown in Table I. Baseline angiographic characteristics
are summarized in Table II.

Procedural Data

A total of 356 Titan2
VR
stents were implanted in 353

lesions during index procedures. In 42 patients (out of
311), two small vessels were treated with Titan2

VR

stents. Three vessels received two stents each (to seal
edge dissection observed following deployment of the
first stent). Table III summarizes procedural data. Post-
stent dissection occurred in six (1.7%) lesions, three of
which were sealed by another stent and the other three
were nonflow-limiting and were left for observation.
Angiographic and clinical procedural success was
achieved in 344 (97.5%) patients (no in-hospital
MACE). No case of acute stent thrombosis was
reported during hospital stay.

Follow-Up Data

Clinical follow-up for at least six months was com-
pleted in 289 (92.9%) patients, with an average follow-
up period of 8 � 2 months. Of the patients who com-
pleted follow-up, 251 (86.9%) were symptom-free at
the end of follow-up. Table IV demonstrates clinical

TABLE II. Baseline Angiographic Characteristics of the
Study Population

Variable N ¼ 353

Lesion type

A 16 (4.5)

B1 116 (32.9)

B2 171 (48.4)

C 50 (14.2)

Thrombus 62 (17.6)

Ulcerated plaque 63 (17.8)

Calcification grade

0 182 (51.6)

1 133 (37.7)

2 38 (10.8)

Eccentric lesion 269 (76.2)

Bifurcation lesion 31 (8.8)

Reference diameter (mm) 2.5 � 0.4

MLD (mm) 0.6 � 0.4

Lesion length (mm) 11.8 � 4.8

Initial stenosis (%) 83.2 � 10.7

Continuous variables are presented as mean � SD, while categorical

variables are presented as frequency (percentage). MLD, minimal lumen

diameter.

TABLE III. Procedural Characteristics of the Study Population

Variable N ¼ 353

Balloon predilatation 207 (58.6)

Balloon diameter (mm) 2.1 � 0.9

Balloon length (mm) 16.3 � 0.4

Inflation pressure (bar) 12.4 � 2.7

Post-balloon dissection 18 (5.1)

Direct stenting 146 (41.4)

Titan stent implantation 353 (100)

Angiographic success 344 (97.5)

Stent diameter (mm) 2.5 � 0.3

Stent length (mm) 14.5 � 4.2

Deployment pressure (bar) 13.8 � 2.3

Post-stent dissection 6 (1.7)

TIMI flow grade

2 1 (0.3)

3 352 (99.7)

Residual stenosis (%) 4.0 � 7.4

Continuous variables are presented as mean � SD, while categorical

variables are presented as frequency (percentage). TIMI, Thrombolysis

in myocardial infarction.

TABLE IV. Follow-Up Data at 8 6 2 Months

N ¼ 289

Total MACE 20 (6.9)

Death 2 (0.7)

Myocardial infarction 6 (2.1)

TVR 16 (5.5)

TLR 12 (4.2)

CABG 1 (0.34)

All variables are presented as frequency (percentage). MACE, major

adverse cardiac events; TVR, target vessel revascularization; TLR, target

lesion revascularization; CABG, coronary artery bypass grafting.

TABLE I. Baseline Clinical Characteristics of the
Study Population

Variable N ¼ 311

Age (years) 67.3 � 10.9

Male gender 205 (65.9)

Diabetes Mellitus 113 (36.3)

Type 1 3 (0.96)

Type 2 110 (35.4)

Hypertension 214 (68.8)

Dislipidemia 182 (58.5)

Current smoking 99 (31.8)

Family history of IHD 53 (17)

Acute coronary syndrome 154 (49.5)

Acute MI 57 (18.3)

Unstable angina 97 (31.2)

Prior MI 108 (34.7)

Prior PCI 56 (18%)

Prior CABG 34 (11%)

Three vessel disease 48 (17.5)

Ejection fraction (%) 59 � 12

Aspirin 311 (100)

Clopidogrel 309 (99.4)

Ticlopidine 2 (0.6)

Heparin 311 (100)

Glycoprotein IIb IIIa inhibitor 39 (12.5)

Continuous variables are presented as mean � SD, while categorical

variables are presented as frequency (percentage). IHD, ischemic heart

disease; MI, myocardial infarction; PCI, percutaneous coronary interven-

tion; CABG, coronary artery bypass grafting.
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follow-up data at 8 � 2 months. Two patients (0.7%)
died of a cardiac cause, and 6 (2.1%) developed non-
fatal MI. TLR was performed in 12 (4.2%) and TVR
in 16 (5.5%) patients, all were clinically driven. TLR
included 11 (3.8%) cases of percutaneous and one case
(0.34%) of surgical revascularization. Cumulative
MACE at the end of follow-up occurred in 20 (6.9%)
patients. One patient suffered subacute stent thrombo-
sis, but no one suffered late stent thrombosis during
follow-up, according to the perprotocol definition.

DISCUSSION

Current Strategy for Reduction of Restenosis

Currently, the use of DES is the state-of-the-art
means of reducing in-stent restenosis (ISR) in random-
ized clinical trials involving selected populations
[7,8,23]. Several randomized controlled trials compar-
ing bare metal stents with FDA-approved DES demon-
strated significant reduction in coronary restenosis with
DES, that was translated into lower TVR and TLR
rates [7,8,24]. Nevertheless, after years of real-life ex-
perience with DES, the improvement of restenosis rate
was not converted into reduction of the most powerful
‘‘hard’’ endpoints: death and MI. Additionally, recent
worrisome data showed a significant increase of such
serious events following the use of DES in predeter-
mined clinical scenarios and/or lesion or procedural
characteristics, chiefly, due to late and very late stent
thrombosis [9–11,25,26]. Since the dawn of PCI, it is
known that ISR is a ‘‘less serious’’ event; otherwise, it
would have been impossible for PCI to be a feasible
alternative to surgical revascularization. Therefore, in
our search for a therapeutic option that effectively
reduces ISR, we cannot accept any increase (even if
minimal) in ‘‘hard’’ endpoints as a price paid to
achieve such a target.

Titanium-Nitride-Oxide BAS

Titanium exhibits a better biocompatibility as com-
pared with stainless steel, gold, or other surface coating
materials [27]. Metallic sheaths coated with titanium
nitride or titanium oxide demonstrated higher endothe-
lial cell density values on their surfaces in comparison
with those without such coatings, suggesting that the
use of stents covered with these coatings may accom-
plish earlier complete endothelialization [28]. The
safety of the titanium-nitride-oxide-coated Titan2

VR

BAS has been validated in several clinical trials, both
in unselected populations and in the most complex
ones such as diabetic patients and those presenting
with acute MI [13–16]. Yet, PCI in small coronary
arteries still represents an obvious challenge to the

interventional cardiologist. At present, PCI in small
vessels of less than 3 mm accounts for almost 50% of
all revascularization procedures and leads to a higher
incidence of restenosis and adverse cardiac events [29].

BAS Outcome in Small Coronary Arteries

The EXTREME registry has demonstrated an excel-
lent immediate outcome of the Titan2

VR
stent in small

coronary arteries, with both angiographic and clinical
success rates at 97.5%, a figure that is quite compara-
ble with previous registries of Titan2

VR
stent performed

in unselected populations [13,14]. Failure to achieve
angiographic (and hence clinical) success was primarily
due to edge dissection, a fairly common event during
small vessel PCI. Although the study population was a
high-risk one (49.5% with acute coronary syndrome)
with rather complex lesion characteristics (95.5% type
B and C), no in-hospital MACE were encountered, and
no ‘‘definite’’ stent thrombosis occurred during hospital
stay. At 8 � 2 months follow-up, the rate of overall
MACE (6.9%), as well as its individual components
(death, nonfatal MI, and TVR) were again rather simi-
lar to previous registries of the stent in unselected
populations [13,14]. Outcome was also comparable to
the application of the stent in diabetic patients in the
TIBET registry [30]; however, the population of the
TIBET registry was a rather stable one with less com-
plex lesion characteristics. Moreover, the low incidence
of MACE in the current registry is comparable with
many registries and randomized trials performed on
DES [7,8,31,32]. It is well known that most random-
ized trials on DES were performed under the
‘‘restraint’’ of comprehensive lists of exclusion criteria,
as for example: recent MI, visible thrombus, bifurca-
tion lesion, etc. In contrast, the current registry was
permissive to all these situations and involved a rather
‘‘high-risk’’ population, with quite complex lesion
characteristics merely in small coronary arteries. Ulti-
mately, several randomized trials showed a better out-
come with Titan2

VR
stent versus Paclitaxel-eluting stents

in high-risk patients with complex (type B and C)
lesions [17,18], and in patients presenting with acute
MI [19].

Clinical Implications

A cost-effectiveness analysis of DES based on the
BASKET trial justified the use of DES only in high-
risk groups [33]. Currently, it seems that small vessel
size and ISR are the sole primary cost-effective indica-
tions of DES. Achievement of the goal of reducing
TLR following PCI, even in the setting of small coro-
nary arteries, without risking to develop the life-threat-
ening ‘‘hard’’ endpoints of late and very late stent
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thrombosis, and at an almost similar cost, would be an
appealing strategy in combating ISR. Furthermore,
unlike DES which need maintenance clopidogrel ther-
apy for at least 12 months (sometimes even for more
extended periods), this therapy is required for no more
than one month with the Titan2

VR
stent. In the modern

era of escalating healthcare costs, physicians will do
both the patients and the ‘‘Health System’’ a great
favor by resorting to ‘‘safer and less costly’’ means of
maintaining coronary patency. In this context, BAS
seem to open a new ‘‘horizon’’ for revascularization of
coronary atherosclerosis.

Study Limitations

The EXTREME registry was not randomized, and
hence it is liable for selection bias. Additionally, it
bears an inherent limitation of any registry, namely,
nonblinded outcome assessment. Furthermore, whether
the outcome of the registry population can be extrapo-
lated to the full spectrum of patients and lesion com-
plexity, remains to be determined. Even longer-term
follow-up is still needed before we can reach adequate
conclusions on the long-term safety of this ‘‘novel’’
approach. In addition, the initial estimation of stenosis
was visual-not quantitative-and it is well known that
visual estimation may not correlate well with func-
tional assessment. Finally, TLR was clinically-driven,
and this might underestimate the actual incidence of re-
stenosis, however, it would avoid unnecessary interven-
tions in borderline lesions due to the ‘‘oculostenotic
reflex’’ and undue patient’ anxiety.

CONCLUSIONS

Titan2
VR
stent implantation in small coronary arteries

achieves excellent immediate clinical and angiographic
outcome, with a low incidence of MACE at mid-term
follow-up.
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Kosten Effektivitäts Trial (BASKET). Lancet 2005;366:921–

929.

Titanox Coated Stent in Small Coronary Arteries 7

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
Published on behalf of The Society for Cardiovascular Angiography and Interventions (SCAI).




