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Abstract

Aims: Optical coherence tomography (OCT) allows a detailed assessment of intimal coverage and strut
apposition which are well known substrates for late thrombosis. This study sought to assess and compare
long-term coverage and apposition of PES and EES implanted in different lesions of the same coronary artery
(and in the same patient).

Methods and results: A total of 30 patients were included. In these patients PES and EES were implanted in
the same vessel in two similar lesions. The selection of the stent for each lesion was random. At 12 months, 30
PES were examined analysing 154+90 struts/stents and 30 EES analysing 158+72 struts/stents. The proportion
of uncovered struts was 0.8+1.3% for EES and 1.5+2.9% for PES (p=0.3), and the proportion of malapposed
struts was 1.25+2.1% and 0.98+2%, respectively (p=0.2). A pooled analysis was performed using the random
effects model, given the significant heterogeneity found, which did not show significant differences between
EES and PES for non-coverage (RR 0.73, 95% CI: 0.32-1.67) or malapposition (RR 1.60, 95% CI: 0.56-4.61).
The presence of non-coverage in malapposed struts was 62% with PES and 15% with EES (p<0.0001), the
maximal malapposition area being significantly larger with PES (0.6+0.3 vs. 0.25+0.2 mm?, p=0.001).

Conclusions: In highly matched conditions, with PES and EES implanted in the same artery, both DES
showed a comparable degree of intimal coverage and apposition at one-year follow-up. A smaller area of

malapposition with non-covered struts was found with EES.
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Abbreviations

BES biolimus-eluting stent

BMS bare metal stent

DES drug-eluting stent

EES everolimus-eluting stent

IVUS intravascular ultrasound

OCT optical coherence tomography
OFDI optical frequency-domain imaging
PES paclitaxel-eluting stent

SES sirolimus-eluting stent

ZES zotarolimus-eluting stent

Introduction

Drug-eluting stents (DES) have been related to a variable but con-
stant degree of very late thrombosis. Incomplete intimal coverage
and late acquired malapposition have been the most important
mechanisms involved following in vivo ultrasonographic studies
and necropsy studies!'?.

Optical coherence tomography (OCT), with an axial resolution
of 10-20 um (higher than that of IVUS), allows a detailed assess-
ment of intimal coverage and strut apposition*’. Clinical trials and
some registries available to date have suggested a lower late throm-
bosis rate with second-generation DES, especially everolimus-elut-
ing stents (EES), but these trials were underpowered to draw
definitive conclusions regarding the specific endpoint of late throm-
bosis®’. Moreover, differences observed between different genera-
tions of DES regarding stent thrombosis have been pointed out in
the subacute period, but no conclusions can be established concern-
ing late and very late thrombosis®’.

Using OCT, this study sought to assess and compare long-term
intimal coverage and stent apposition in first-generation DES
(paclitaxel-eluting stent [PES] TAXUS® Liberté®; Boston Scientific,
Natick, MA, USA) versus second-generation DES (everolimus-
eluting stent [EES] XIENCE PRIME™; Abbott Vascular, Santa
Clara, CA, USA) implanted in different lesions of the same coro-
nary artery (and in the same patient).

Methods

STUDY POPULATION

During 2009 we prospectively included all patients referred for cor-

onary angiography for known or suspected coronary artery disease

as long as they met all the following inclusion criteria:

a) clinical indication of revascularisation;

b) two different de novo lesions in the same vessel within a distance
sufficient to allow the deployment of two non-overlapped stents
(>20 mm length between lesions);

¢) lesions with similar morphological features; maximal length dif-
ference of 5 mm and reference diameter difference of less than
1 mm; lack of angiographic signs of plaque rupture or thrombo-
sis; ostial, bifurcated and total occlusion lesions were excluded;

d) index procedure without significant complications (such as dis-
section, haematoma or acute thrombosis);

e) signed patient consent form.

TAXUS™ vs. XIENCE™ stents: study with OCT

The exclusion criteria were the following:

a) contraindications for long-term dual antiplatelet treatment (such as
high bleeding risk, scheduled surgery or oral anticoagulation);
b) primary angioplasty procedure.

The selection of the stent for each lesion was performed by
means of a computer-generated random sequence. In those proce-
dures in which IVUS was used, it helped to optimise the results of
both stents. Implantation pressure and post-dilatation, being
decided by the operator, had to be similar for both stents.

The study was approved by the local research ethical committee.
Informed consent was obtained from all patients included in this study.

FOLLOW-UP STUDY

One-year angiographic and OCT follow-up was scheduled. Those
patients who were going to require an angiogram during the first
year of follow-up due to symptoms were planned to be excluded.
OCT analysis was performed on a blind basis by two different
investigators. Two analyses strut by strut were carried out: first,
a separate analysis by each investigator, and a second one per-
formed by both. Discrepancies were solved by consensus involving
a third investigator.

OCT ACQUISITION AND ANALYSIS

We used an optical frequency-domain imaging system (FD OCT),
Model C7 Cardiology Imaging System (LightLab Imaging,
Westford, MA, USA). The monorail imaging catheter was advanced
distal to the stented segment. During image acquisition (20 mm/sec
pullback speed) with a non-occlusive technique, coronary blood
was displaced by automatic infusion of contrast (Visipaque,
Iodixanol 320; GE Healthcare, Cork, Ireland). The optimal volume/
time intracoronary infusion of contrast was tested to achieve a com-
plete blood clearance in the vessel lumen.

Off-line analysis of the cross-sections within the stented segment
was performed at 1 mm intervals. The strut apposition and neointi-
mal coverage were assessed for each strut. Interobserver variability
was assessed in two stents (n=302 struts), one of each stent type,
measured by two different analysts.

Assessment of coverage: distances (neointima thickness)
between the luminal surface of the neointima and stent strut were
measured manually, aligned perpendicularly to the strut. The strut
was classified as uncovered if any part of the strut was visibly
exposed to the lumen with no layer of tissue overlying its bright
signal-intense structure.

Assessment of apposition: distances between the luminal edge of
the strut reflection and the vessel wall were measured perpendicu-
larly to the strut. Stent malapposition was defined as struts with
detachment from the vessel wall over the total strut thickness (metal
strut+polymer) for each stent type, TAXUS® Liberté® (metal strut
97 um and polymer 15 pm) and XIENCE PRIME™ (metal strut
81 pm and polymer 8 pm). Bifurcational cross-sections were
excluded from this analysis. The maximal area of malapposition
was obtained in every case. This comprised an area between a line
traced following the abluminal surface of the malapposed struts and
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a line traced over the adluminal surface of the vessel wall with both
lines merging at the level of the adjacent apposed struts.

Other measurements obtained in every stent were the maximal
intimal area and thickness, the minimum stent area, the minimum

in-stent lumen area and the in-stent area stenosis.

STATISTICAL ANALYSIS

The study was exploratory in nature and no formal sample size was
calculated. Continuous variables are presented as mean =+ stand-
ard deviation. Categorical variables are expressed as percentages.
Continuous variables were compared with the Student’s t-test if the
data followed a normal distribution and with Wilcoxon tests if the
data were skewed. Categorical variables were compared with the
¥ test or the Fisher’s exact test, where indicated. All probability
values were two-sided and values of p<0.05 were considered sta-
tistically significant. The risk ratios (RR) for non-coverage and for
malapposition of EES vs. PES were calculated by means of pooled
analysis using an inverse variance random effects model, taking
into account the between-clusters and within-the-cluster variability,
using each pair of matched stents as an independent unit of clus-
tering'’. Those pairs of stents with both devices completely cov-
ered were not considered informative for evaluation of the RR for
non-coverage and so were discarded from the analysis. Likewise,
those pairs with both devices completely apposed were considered
not informative to evaluate the RR for malapposition and hence dis-
carded'®. A proportional continuity correction was applied to stents
with zero uncovered struts (zero events) in only one of the stents.
The risk ratio of each individual stent and the pooled risk ratio of
the whole sample were graphically represented by means of forest
plots. Analysis of heterogeneity of the effect was reported as I? (pro-
portion of the effect attributable to heterogeneity) and the p-value of
the Q-test, a p-value of <0.1 being considered statistically signifi-
cant. Interobserver variability is reported as Cohen’s kappa test for
the primary outcome (binary coverage) or as intraclass correlation
coefficient for the absolute agreement (ICCa) in continuous vari-
ables (thickness of coverage). Calculations for pooled analysis were
performed with the CMA version 2 (Biostat Inc., Englewood, NJ,
USA) software package. For the remaining tests the statistical pack-
age SPSS 15.0 (SPSS Inc., Chicago, IL, USA) and MedCalc 9.6
(MedCalc Software, Ostend, Belgium) were used throughout.

Results

From January 2009 to December 2009, 30 patients, whose clinical
characteristics are described in Table 1, were included in the study.
The clinical profile of these patients corresponds to a medium- to
high-risk population according to the required multilesional condi-
tion. Target lesions were more frequently located in the left anterior
descending artery.

These patients were treated in the same artery with both stent
types in two separate but similar lesions. The angiographic charac-
teristics of the lesions treated with the different stents are presented
in Table 2. There were no significant differences between groups
regarding angiographic measurements and procedural data. The use

Table 1. Baseline characteristics of patients.

Age (years) 69.5+7
Sex (female) 5 (16.6%)
Diabetes 10 (33.3%)
Hypertension 21 (70%)
Hypercholesterolaemia 22 (73.3%)
Current smoker 9 (30%)
History of Ml 3 (10%)
Previous PCI 5 (16.6%)
Previous CABG 0
Stable angina 12 (40%)
Unstable angina 18 (60%)
Diseased vessels/patient 2.1+0.8
Lesions/patient 4.2+1.6
Target Left anterior descending artery 17 (56.6%)
e Left circumflex artery 4 (13.3%)
Right coronary artery 9 (30%)

of IVUS and post-dilatation as well as the maximal implantation
pressure were all quite similar.

By one-year follow-up no major cardiac adverse events had
occurred, and in all 30 patients the angiography was performed 12
months after the procedure as planned per protocol. Angiographic
analysis showed significantly less late loss in EES (Table 2).

The findings with FD OCT are presented in Table 3. A compara-
ble number of struts was analysed in each group. The amount of
intimal proliferation was larger with PES, and correspondingly the
in-stent minimum lumen area was lower and the in-stent area steno-

sis was higher in this group, these differences all being significant.

Table 2. Angiographic characteristics of lesions and procedural data.

Lesions

Angiographic data

Before Lesion length, mm 13446 | 1479 | 05

intervention Reference vessel diameter, mm 2.5+0.6 | 24+05 | 04
Minimal lumen diameter, mm 0.77+0.4 | 0.79+0.4 | 0.8
Diameter stenosis, % 6715 | 69+16 | 0.6
Significant calcification 3(10%) | 2(6.6%) | 0.9

After In-stent minimal lumen diameter, mm | 2.4+0.4 | 2.3+0.4 | 0.3

intervention Diameter stenosis, % 5+7 46+7 | 0.8

One-year In-stent late loss, mm 0.14+0.4 | 0.37+0.5| 0.03

follow-up

Procedure Stent length, mm 16.4+5 | 18.1+8 | 0.3
Stent diameter, mm 2.65+0.3 | 2.57+0.3 | 0.3
Implanted in the distal lesion 46.6% | 53.3% | 0.8
IVUS-guided implantation 16.6% | 166% | 1
Post-dilatation 333% | 36.6% | 09
Maximum pressure, atm 14+3 15+2.8 | 0.2




Table 3. OCT findings at one-year follow-up.

EES PES

n=30 n=30
158+72 | 154+90 | 0.8

Stents

Struts analysed/stent

Maximal intimal thickness, mm 0.4+0.3 | 0.7+0.2 | 0.0001

Maximal intimal area, mm? 1.4+1.1 | 2.4+0.9 | 0.0003

In-stent minimum lumen area, mm? | 3.6+1.4 |2.9+1.05| 0.03

Minimum stent area, mm? 5.1x1.4 | 5.5+1.1 | 0.2

In-stent area stenosis, % 29+19 |46.5+14 | 0.0001

Uncovered struts, % 0.8+1.3|1.5+2.9 | 0.3

Malapposed struts, % 1.25+2.1| 0.98+2 | 0.2

Max. malapp. area with uncovered |0.25+0.2| 0.6+0.3 | 0.001
struts, mm?

The proportion of struts without coverage or with malapposition
did not differ significantly between groups. The pooled analysis
was conducted for non-coverage (excluding the 11 pairs with full
coverage) and for malapposition (excluding the 15 pairs with com-
plete apposition). The random effects model is reported given the
significant heterogeneity observed. This analysis did not yield sig-
nificant differences between both stents for non-coverage or malap-
position (Figure 1, Figure 2). However, it is interesting to note that
the presence of non-coverage in malapposed struts was 62% with
PES and 15% with EES (p<0.0001).

In Figure 3 some case examples of good coverage, non-coverage and
malapposition (either isolated or in combination) are presented. There
was good interobserver agreement in the assessment of binary cover-
age (kappa=0.684, p<0.0001) and excellent agreement in the measure-
ment of thickness of coverage (ICCa=0.950, 95% CI: 0.937-0.960).

Discussion
In this study we have been able to show that, in equivalent condi-
tions, both XIENCE and TAXUS DES have a similar, large one-year

0.01 0.1 1 10 100
EES better PES better
Magnitude of effect Heterogeneity of the effect
95% Cl P
Lower  Upper
Non-coverage 19 0.73 032 167 50.36 0.007

n p-value

Figure 1. Pooled analysis of the risk ratio of non-coverage in EES
vs. PES.

TAXUS™ vs. XIENCE™ stents: study with OCT

0.01 0.1 1 10 100
EES better PES better

Magnitude of effect Heterogeneity of the effect
95% Cl P

Lower  Upper
Malapposition 15 1.60 056  4.61 65.06 <0.0001

n p-value

Figure 2. Pooled analysis of the risk ratio of malapposition in EES
vs. PES.

intimal coverage. It is of interest to note that significant heterogeneity
was observed despite the fact that both DES were implanted in the
same patient. On the other hand, the presence and extent of malappo-
sition among uncovered struts was greater with PES. In addition, the
degree of intimal proliferation was greater with PES, leading to a sta-
tistically significant larger late lumen loss. This apparent paradox,
PES having more uncovered struts while also having more late loss
and more intimal proliferation, could be explained by the fact that
most of the non-coverage with PES was found in malapposed struts,
conversely to EES. The malapposition rate was not statistically dif-
ferent, but with PES the magnitude was greater and more frequently
associated with non-coverage.

The larger areas of incomplete apposition observed with PES, the
more frequent non-coverage of PES malapposed struts and, simulta-
neously, the thicker intimal proliferation with PES suggest a poten-
tially higher prevalence of late acquired malapposition with these
stents. Nevertheless, this is a hypothetical consideration. A recently
published study has shown a more delayed coverage of malapposed
and non-apposed side-branch struts with respect to well-apposed
struts'®. The deficient coverage also observed in side-branch struts
supported the hypothesis that incomplete apposition at the time of
implantation was the main reason for non-coverage. However, this
study was carried out with “~limus drug”-eluting stents. The mecha-
nisms underlying the association between malapposition and non-
coverage could not be equivalent with paclitaxel-eluting stents, as is
suggested by our results.

Given the fact that the very late thrombosis rate is very low and is
scattered in time, it becomes a challenge to design a clinical trial
powered to point out differences in the very late thrombosis rate
between different DES designs®®. Registries have the advantage of
including large seri es and longer follow-ups, but their accuracy to
compare stents is very limited, even after statistical adjustments'12.

From necropsy studies we know that the most relevant findings
observed in late and very late thrombosis in DES are the lack of
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Figure 3. A) Stent cross-section with all struts showing full intimal coverage. B) Cross-section of one stent with non-covered but well-apposed

struts. C) Non-covered and malapposed struts. D) Covered and malapposed struts. E) Malapposed struts with and without coverage.

intimal coverage and late incomplete apposition'?. In vivo IVUS
studies have related large acquired incomplete apposition to very late
thrombosis®, but it has not been possible to assess intimal coverage
with this technique due to its spatial resolution (100-150 pum). Strut
coverage could be an important morphometric predictor of late stent
thrombosis. /n vivo assessment of stent coverage requires an imaging
technology with adequate spatial resolution. A pathological study has
shown that a high proportion (about 64%) of sirolimus-eluting stents
were covered by a thin intimal layer <100 um in thickness, which is
beyond IVUS resolution'3.

Intravascular OCT, using infrared back-reflected light, provides
a greater resolution (10-20 pm) and fewer strut-induced artefacts,
which facilitates a more refined analysis of strut coverage and appo-
sition. This imaging modality could nowadays be considered the best
tool to assess strut coverage and apposition*>!**16. OCT studies
have shown that first-generation DES can present with a certain lack
of intimal coverage even two years after their implantation'”'$, The
presence of incomplete apposition with sirolimus DES has been
related to lower intimal coverage and the presence of thrombus'’.

A limited number of studies involving second-generation DES
suggest a wider degree of intimal coverage. Accordingly, the
ENDEAVOR OCT study revealed an almost complete intimal cover-
age and no incomplete acquired apposition at three months with
zotarolimus-eluting stents (ZES) (Endeavor® Sprint; Medtronic,
Minneapolis, MN, USA)*. The same research group compared these
stents to sirolimus-eluting stents, remarking on a lower extension of
intimal coverage, higher incomplete apposition and more thrombus
in the latter®'. Inoue et al studied 25 patients with EES eight months
after implantation: 98.4% of struts were covered and only 0.54%
showed malapposition®.

In order to compare different models of DES by means of OCT,
the most suitable design would be that of a randomised study with
a large population as in the HORIZONS-AMI study (with 118
patients with PES or bare metal stents)*. However, there have also
been other studies with a lower number of patients involved, such
as the OCTAMI study (44 patients with ZES or BMS) and the
LEADERS substudy with 46 patients with biolimus-eluting stents
(BES) or SES**. The assessment and comparison between stents
with OCT has also been performed in a particular clinical subset,
such as myocardial infarction, either in registries or clinical tri-
als?>242%, These studies have revealed a greater proportion of non-
covered struts with PES vs. BMS in the setting of a myocardial
infarction (at 13 months: 5.7% vs. 1.1%, p<0.001)*, a similar pro-
portion between BMS and ZES in the same subset (at six months:
0% vs. 2%)*, and a lower proportion with BES vs. SES in different
clinical settings (at nine months: 0.7% vs. 2.7%)*. A non-ran-
domised study compared three different models of DES in 46
patients with myocardial infarction at nine months, the best intimal
coverage being with ZES, followed by PES, and leaving SES in last
place?. There are also studies that compare the same stent in differ-
ent clinical settings, such as ST-elevation myocardial infarction,
unstable and stable angina?’. OCT has also been used to assess dif-
ferent stents in particular lesion subsets, such as bifurcations or left
main disease®s%.

The implantation of different stents in different lesions of the same
coronary artery provides an analogous anatomic and biological sub-
set for comparison of the stents. Thus, we consider this design to have
great value in comparing the performance of different stents. This
methodology has already been used in a study that compared PES
and SES in 27 patients. Both stents were deployed in the same artery,



and OCT was performed six months later. The authors found a larger
but more irregular intimal coverage with PES*.

Our outcomes are concordant with previous findings in animal stud-
ies where EES endothelialisation was quicker compared to other dura-
ble polymer DES. However, those were animal studies at 14 and
28 days®!. This better performance of EES could be explained in differ-
ent ways. First of all, it might be influenced by the thinness of both the
metallic strut and the polymer®. Next, the fluorinated polymer has
demonstrated a faster rate of endothelialisation contributing to long-
term healing. The modulation of host-material interface by a fluori-
nated surface, combined with the chemical stability of the fluorinated
copolymer, elicits a cellular response conducive to healing with mini-
mal chronic inflammation®-*. Last, the different cellular and molecular
actions of the macrocyclic lactone group (“-limus drugs”) and pacli-
taxel, as well as the different release kinetics, might play a role®.

Limitations

The number of patients is limited. Although we have compared stents
implanted simultaneously in different lesions of the same coronary
artery with a randomised localisation of the stents, the lesions were
not completely comparable in both groups. The presence or lack of
intimal coverage is limited to the spatial resolution of the technique,
in such a way that an intimal layer of less than 10 um could not be
detected. We cannot assess whether the malapposition detected in
follow-up studies was acquired or not, not having performed an OCT
immediately after implantation in the index procedure. The OCT
analysis used in this study is affected by some limitations as com-
pared to other methodological approaches®; however, it still remains
as a valid approach to assess the healing process after DES implanta-
tion. The OCT analysis was focused on a strut-by-strut (every 1 mm)
observation. The technique does not systematically provide perfect

images and “borderline” findings can be seen.

Conclusions

In very similar conditions, no significant differences were observed
in intimal coverage and strut apposition between PES and EES at
one-year follow-up. As a secondary finding, EES showed a smaller

area of malapposition with uncovered struts.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Finn AV, Joner M, Nakazawa G, Kolodgie F, Newell J,
John MC, Gold HK, Virmani R. Pathological correlates of late drug-
eluting stent thrombosis: strut coverage as a marker of endotheliali-
zation. Circulation. 2007;115:2435-41.

2. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E,
Kutys R, Skorija K, Gold HK, Virmani R. Pathology of drug-eluting
stents in humans: delayed healing and late thrombotic risk. J Am Coll
Cardiol. 2006;48:193-202.

3. Cook S, Wenaweser P, Togni M, Billinger M, Morger C,
Seiler C, Vogel R, Hess O, Meier B, Windecker S. Incomplete stent

TAXUS™ vs. XIENCE™ stents: study with OCT

apposition and very late stent thrombosis after drug-eluting stent
implantation. Circulation. 2007;115:2426-34.

4. Guagliumi G, Sirbu V. Optical coherence tomography: high
resolution intravascular imaging to evaluate vascular healing after
coronary stenting. Catheter Cardiovasc Interv. 2008;72:237-47.

5. Murata A, Wallace-Bradley D, Tellez A, Alviar C, Aboodi M,
Sheehy A, Coleman L, Perkins L, Nakazawa G, Mintz G, Kaluza GL,
Virmani R, Granada JF. Accuracy of optical coherence tomography
in the evaluation of neointimal coverage after stent implantation.
JACC Cardiovasc Imaging. 2010;3:76-84.

6. Stone GW, Midei M, Newman W, Sanz M, Hermiller JB,
Williams J, Farhat N, Caputo R, Xenopoulos N, Applegate R, Gordon P,
White RM, Sudhir K, Cutlip DE, Petersen JL, for the SPIRIT III
Investigators. Randomized comparison of everolimus-eluting and
paclitaxel-eluting stents: two-year clinical follow-up from the Clinical
Evaluation of the Xience V Everolimus Eluting Coronary Stent
System in the Treatment of Patients with de novo Native Coronary
Artery Lesions (SPIRIT) III trial. Circulation. 2009;119:680-6.

7. Stone GW, Rizvi A, Sudhir K, Newman W, Applegate RJ,
Cannon LA, Maddux JT, Cutlip DE, Simonton CA, Sood P,
Kereiakes DJ. Randomized comparison of everolimus- and pacli-
taxel-eluting stents. 2-year follow-up from the SPIRIT (Clinical
Evaluation of the XIENCE V Everolimus Eluting Coronary Stent
System) IV trial. J Am Coll Cardiol. 2011;58:19-25.

8. Stone GW, Rizvi A, Newman W, Mastali K, Wang JC,
Caputo R, Doostzadeh J, Cao S, Simonton CA, Sudhir K, Lansky AJ,
Cutlip DE, Kereiakes DJ; SPIRIT IV Investigators. Everolimus-
eluting versus paclitaxel-eluting stents in coronary artery disease.
N Engl J Med. 2010;362:1663-74.

9. Kedhi E, Joesoef KS, McFadden E, Wassing J, van Mieghem C,
Goedhart D, Smits PC. Second-generation everolimus-eluting and
paclitaxel-eluting stents in real-life practice (COMPARE): a ran-
domised trial. Lancet. 2010;375:201-9.

10. Gutiérrez-Chico JL, Regar E, Niesch E, Okamura T,
Wykrzykowska J, di Mario C, Windecker S, van Es GA, Gobbens P,
Jiini P, Serruys PW. Delayed coverage in malapposed and side-branch
struts with respect to well-apposed struts in drug-eluting stents: in
vivo assessment with optical coherence tomography. Circulation.
2011;124:612-23.

11. de la Torre-Hernandez JM, Alfonso F, Hernindez F,
Elizaga J, Sanmartin M, Pinar E, Lozano I, Vazquez JM, Botas J, Perez
de Prado A, Hernandez JM, Sanchis J, Nodar JM, Gomez-Jaume A,
Larman M, Diarte JA, Rodriguez-Collado J, Rumoroso JR, Lopez-
Minguez JR, Mauri J; ESTROFA Study Group. Drug-eluting stent
thrombosis: results from the multicenter Spanish registry ESTROFA
(Estudio ESpafiol sobre TROmbosis de stents FArmacoactivos).
J Am Coll Cardiol. 2008;51:986-90.

12. de la Torre Hernandez JM, Alfonso F, Gimeno F, Diarte JA,
Lopez-Palop R, Pérez de Prado A, Rivero F, Sanchis J, Larman M,
Diaz JF, Elizaga J, Moreiras JM, Gomez Jaume A, Hernandez JM,
Mauri J, Recalde AS, Bullones JA, Rumoroso JR, Del Blanco BG,
Baz JA, Botas F, Botas J, Hernandez F; ESTROFA-2 Study Group.
Thrombosis of second-generation drug-eluting stents in real practice

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
QL
=
©
o1
I?J
©
(3)]
o




™
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
&
2
©
o1
Bl)
©
(3)]
=]

results from the multicenter Spanish registry ESTROFA-2 (Estudio
Espailol Sobre Trombosis de Stents Farmacoactivos de Segunda
Generacion-2). JACC Cardiovasc Interv. 2010;3:911-9.

13. Matsumoto D, ShiteJ, Shinke T, Otake H, Tanino Y, OgasawaraD,
Sawada T, Paredes OL, Hirata K, Yokoyama M. Neointimal coverage
of sirolimus-eluting stents at 6-month follow-up evaluated by optical
coherence tomography. Eur Heart J. 2007;28:961-7.

14. Prati F, Regar E, Mintz GS, Arbustini E, Di Mario C, Jang IK,
Akasaka T, Costa M, Guagliumi G, Grube E, Ozaki Y, Pinto F,
Serruys PW. Expert review document on methodology, terminology,
and clinical applications of optical coherence tomography: physical
principles, methodology of image acquisition, and clinical applica-
tion for assessment of coronary arteries and atherosclerosis. Eur
Heart J. 2010;31:401-15.

15. Bezerra HG, Costa MA, Guagliumi G, Rollins AM,
Simon DI. Intracoronary optical coherence tomography: a compre-
hensive review clinical and research applications. JACC Cardiovasc
Interv. 2009;2:1035-46.

16. Gonzalo N, Garcia-Garcia HM, Serruys PW, Commissaris KH,
Bezerra H, Gobbens P, Costa M, Regar E. Reproducibility of quantita-
tive optical coherence tomography forstentanalysis. Eurolntervention.
2009;5:224-32.

17. Takano M, Yamamoto M, Inami S, Murakami D, Seimiya K,
Ohba T, Seino Y, Mizuno K. Long-term follow-up evaluation after
sirolimus-eluting stent implantation by optical coherence tomogra-
phy: do uncovered struts persist? J Am Coll Cardiol. 2008;51:968-9.

18. Takano M, Inami S, Jang IK, Yamamoto M, Murakami D,
Seimiya K, Ohba T, Mizuno K. Evaluation by optical coherence
tomography of neointimal coverage of sirolimus-eluting stent three
months after implantation. Am J Cardiol. 2007;99:1033-8.

19. Ozaki Y, Okumura M, Ismail TF, Naruse H, Hattori K, Kan S,
Ishikawa M, Kawai T, Takagi Y, Ishii J, Prati F, Serruys PW. The
fate of incomplete stent apposition with drug-eluting stents: an opti-
cal coherence tomography-based natural history study. Eur Heart J.
2010;31:1470-6.

20. Kim JS, Jang IK, Fan C, Kim TH, Kim JS, Park SM, Choi EY,
Lee SH, Ko YG, Choi D, Hong MK, Jang Y. Evaluation in 3 months
duration of neointimal coverage after zotarolimus-eluting stent
implantation by optical coherence tomography: the ENDEAVOR
OCT trial. JACC Cardiovasc Interv. 2009;2:1240-7.

21. Kim]JS, Jang IK, KimJS, Kim TH, Takano M, Kume T, Hur NW,
Ko YG, Choi D, Hong MK, Jang Y. Optical coherence tomography
evaluation of zotarolimus-eluting stents at 9-month follow-up: com-
parison with sirolimus-eluting stents. Heart. 2009;95:1907-12.

22. Inoue T, Shite J, Yoon J, Shinke T, Otake H, Sawada T,
Kawamori H, Katoh H, Miyoshi N, Yoshino N, Kozuki A, Hariki H,
Hirata K. Optical coherence evaluation for everolimus-eluting stents
8 months after implantation. Heart. 2011;97:1379-84.

23. Guagliumi G, Sirbu V, Bezerra H, Biondi-Zoccai G, Fiocca L,
Musumeci G, Matiashvili A, Lortkipanidze N, Tahara S, Valsecchi O,
Costa M. Strut coverage and vessel wall response to zotarolimus-
eluting and bare-metal stents implanted in patients with ST-segment
elevation myocardial infarction: the OCTAMI (Optical Coherence

Tomography in Acute Myocardial Infarction) Study. JACC
Cardiovasc Interv. 2010;3:680-7.

25. Barlis P, Regar E, Serruys PW, Dimopoulos K, van der
Giessen WJ, van Geuns RJ, Ferrante G, Wandel S, Windecker S, van
Es GA, Eerdmans P, Jiini P, di Mario C. An optical coherence tomogra-
phy study of a biodegradable vs. durable polymer-coated limus-eluting
stent: a LEADERS trial sub-study. Eur Heart J. 2010;31:165-76.

26. Fan C, Kim JS, Lee JM, Kim TH, Park SM, Wi J, Paik SI,
Ko YG, Choi D, Hong MK, Jang Y. Different vascular healing patterns
with various drug-eluting stents in primary percutaneous coronary
intervention for ST-segment elevation myocardial infarction: optical
coherence tomographic findings. Am J Cardiol. 2010;105:972-6.

27. Gonzalo N, Barlis P, Serruys PW, Garcia-Garcia HM, Onuma'y,
Ligthart J, Regar E. Incomplete stent apposition and delayed tissue
coverage are more frequent in drug-eluting stents implanted during
primary percutaneous coronary intervention for ST-segment eleva-
tion myocardial infarction than in drug-eluting stents implanted for
stable/unstable angina: insights from optical coherence tomography.
JACC Cardiovasc Interv. 2009;2:445-52.

28. Kyono H, Guagliumi G, Sirbu V, Rosenthal N, Tahara S,
Musumeci G, Trivisonno A, Bezerra HG, Costa MA. Optical coher-
ence tomography (OCT) strut-level analysis of drug-eluting
stents (DES) in human coronary bifurcations. Eurolntervention.
2010;6:69-77.

29. Parodi G, Machara A, Giuliani G, Kubo T, Mintz GS,
Migliorini A, Valenti R, Carrabba N, Antoniucci D. Optical coher-
ence tomography in unprotected left main coronary artery stenting.
Eurolntervention. 2010;6:94-9.

30. Miyoshi N, Shite J, Shinke T, Otake H, Tanino Y, Ogasawara D,
Sawada T, Kawamori H, Kato H, Yoshino N, Kozuki A, Hirata K.
Comparison by optical coherence tomography of paclitaxel-eluting
stents with sirolimus-eluting stents implanted in one coronary artery
in one procedure. - 6-month follow-up -. Circ J. 2010;74:903-8.

31. Joner M, Nakazawa G, Finn AV, Quee SC, Coleman L,
Acampado E, Wilson PS, Skorija K, Cheng Q, Xu X, Gold HK,
Kolodgie FD, Virmani R. Endothelial cell recovery between com-
parator polymer-based drug-eluting stents. J Am Coll Cardiol.
2008;52:333-42.

32. Simon C, Palmaz JC, Sprague EA. Influence of topography on
endothelialization of stents: clues for new designs. J Long Term Eff
Med Implants. 2000;10:143-51.

33. Guidoin R, Marois Y, Zhang Z, King M, Martin L, Laroche G,
Awad J. The benefits of fluoropassivation of polyester arterial pros-
theses as observed in a canine model. ASA/O J. 1994;40:M870-9.

34. KolandaiveluK, Swaminathan R, Gibson WJ, Kolachalama VB,
Nguyen-Ehrenreich KL, Giddings VL, Coleman L, Wong GK,
Edelman ER. Stent thrombogenicity early in high-risk interventional
settings is driven by stent design and deployment and protected by
polymer-drug coatings. Circulation. 2011;123:1400-9.

35. Wessely R, Blaich B, Belaiba RS, Merl S, Gorlach A, Kastrati A,
Schomig A. Comparative characterization of cellular and molecular
antirestenotic profiles of paclitaxel and sirolimus. Implications for
local drug delivery. Thromb Haemost. 2007;97:1003-12.



