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Abstract
The SYNERGY coronary stent is new-generation drug-eluting stents, which has a thin-strut platinum–chromium platform 
with everolimus in a biodegradable polymer applied to the abluminal surface. It would be speculated that favorable arterial 
healing with early strut coverage could be achieved. The present study investigated the degree of strut coverage using opti-
cal coherence tomography (OCT) 2 weeks after SYNERGY implantation and clinical factors contributing to strut coverage. 
A total of 29 patients who underwent staged percutaneous coronary intervention (PCI) to residual lesions 2 weeks after the 
index PCI with SYNERGY stent implantation were enrolled. At the time of staged PCI, OCT examinations of the SYNERGY 
stent were performed for conventional OCT analysis on both cross-sectional and strut level. SYNERGY stent showed a high 
level of strut coverage and apposition, and the percentage was 82.4 ± 12.4% and 96.2 ± 5.0%, respectively. The lesion com-
plexity was significantly related to greater strut coverage on univariate analysis; however, it was found to be insignificant in 
multivariate analysis. Our findings suggest early arterial healing after SYNERGY stent implantation.

Keywords  Neointimal hyperplasia · Optical coherence tomography · Drug-eluting stent · Biodegradable polymer · 
Abluminal coating

Abbreviations
ACS	� Acute coronary syndrome
BMS	� Bare metal stent
CSA	� Cross-sectional area
DES	� Drug-eluting stent
MLD	� Minimum lumen diameter
OCT	� Optical coherence tomography
PCI	� Percutaneous coronary intervention
QCA	� Quantitative coronary angiography

Introduction

Drug-eluting stents (DES) have reduced the incidence of 
restenosis and revascularization compared to bare metal 
stents (BMS), in percutaneous coronary intervention (PCI) 
[1]. However, the previous studies have suggested that the 
durable polymer constituent of DES might be associated 
with delayed endothelial healing and inflammation, and 
might lead to delayed strut coverage and late stent throm-
bosis, especially in first-generation DES [2–4]. Despite the 
theoretical advantages, the clinical benefits provided by 
absorbable polymer DES over durable polymer DES has 
not been proved yet, even for the new designs.

The SYNERGY coronary stent (Boston Scientific Cor-
poration, Marlborough, MA) is a type of new-generation 
DES, which has a thin-strut platinum–chromium platform 
with everolimus in a biodegradable poly (d, l-lactide-co-
glyceride) polymer applied to the abluminal surface. The 
SYNERGY stent structure with thin struts is expected to 
induce early endothelial healing, and a previous study 
showed 94.5% strut coverage 3 months after SYNERGY 
implantation [5]. On the basis of the previous findings, it 
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would be speculated that favorable arterial healing with early 
strut coverage could be achieved in less than 3 months for 
SYNERGY stent.

Optical coherence tomography (OCT) is an intracoronary 
imaging modality with a high resolution, which can visual-
ize individual strut coverage. The device has already been 
used to evaluate strut coverage and neointimal tissue after 
coronary stent implantation. Poor strut coverage is related 
to stent thrombosis [6, 7]; thus, if the degree of strut cover-
age 2 weeks after SYNERGY implantation is high, it might 
prevent early stent thrombosis. The purpose of this study 
was to investigate the degree of strut coverage using OCT, 
2 weeks after SYNERGY implantation and clinical factors 
contributing to strut coverage. Furthermore, the OCT data 
were compared between patients with and without acute 
coronary syndrome (ACS).

Methods

Study design and population

The present study was a prospective, non-randomized study 
involving three hospitals in Chiba prefecture. We included 
adult patients who were ≥ 20 and ≤ 85 years of age, had 
received SYNERGY stent implantation during index PCI, 
and had residual coronary stenosis for which staged PCI was 
planned 2 weeks ± 3 days after the index PCI. Procedural 
success was defined as ≤ 25% residual stenosis with throm-
bolysis in myocardial infarction grade 3 flow after stent 
placement without angiographic edge dissection. Exclusion 
criteria were (1) estimated glomerular filtration rate < 50 ml/
min/1.73 m2 and (2) left ventricular ejection fraction < 30% 
or NYHA class III or IV. In all, 30 patients were enrolled 
between July 2016 and May 2017. Of these, 1 patient was 
lost to follow-up. Finally, 29 patients were eligible for 
the analysis. Hypertension was defined as blood pressure 
≥ 140/90 mmHg, or a patient on antihypertensive therapy 
at index PCI hospitalization. Diabetes mellitus was defined 
as fasting blood glucose ≥ 126 mg/dL or hemoglobin A1c ≥ 
6.5%, or a patient on anti-diabetics at index PCI hospitaliza-
tion. Dyslipidemia was defined as fasting blood low-density 
lipoprotein cholesterol ≥ 140 mg/dL, or fasting blood high-
density lipoprotein < 40 mg/dL or fasting blood triglyceride 
≥ 150 mg/dL. Chronic kidney disease was defined as an 
estimated glomerular filtration rate of < 60 ml/min/1.73 m2 
based on the 2012 KDIGO guideline. The details of drug 
intake were recorded at the time of both index and staged 
PCI. This study was approved by each center’s institutional 
ethical committee and was conducted in accordance with 
the Declaration of Helsinki. Written informed consent was 
obtained from all participants.

Index coronary lesion assessment

To assess each index coronary lesion, quantitative coro-
nary angiography (QCA) analysis was performed before 
and after index PCI, using the Cardiovascular Measure-
ment System (QAngio XA version 7.1, Medis, Leiden, 
Netherlands). Lesion length, reference diameter, mini-
mum lumen diameter (MLD), and percentage of diameter 
stenosis were measured during the diastolic phase. The 
acute gain was calculated as the difference in MLD before 
and after index PCI. In addition to QCA measurement, 
the characteristic of each coronary lesion was classified 
based on the previous guidelines [8].

OCT image acquisition and analysis

At the time of PCI for residual lesions 2 weeks after index 
PCI, OCT images of the SYNERGY stent were acquired. 
Frequency-domain OCT system, which consists of intra-
vascular OCT catheter (Dragonfly JP, St Jude Medical, 
St. Paul, Minnesota, USA) and ILUMIEN OPTIS OCT 
imaging system (St. Jude Medical), was used. After an 
intracoronary bolus injection of isosorbide dinitrate, an 
OCT catheter was introduced distal to the stented lesion 
via a standard 0.014-inch angioplasty guide wire. For 
removal of the blood cells and to acquire good quality 
OCT images for analysis, non-occlusive contrast flushing 
was performed using automated power injector via the 
6Fr guide catheter during pullback. High-density pullback 
mode of ILUMIEN OPTIS system was selected, and the 
OCT catheter was pulled back at a speed of 18 mm/s (180 
frames/s), and the pullback length was 54 mm.

All OCT analyzes adhered to the previous consensus 
standards and reports [9–11]. Two experienced operators 
performed the offline analyzes using the proprietary soft-
ware from St. Jude Medical. To assess reproducibility of 
covered/uncovered strut, intra- and inter-observer vari-
ability analysis was performed. The images were re-eval-
uated by one observer for the intra-observer variability 
at two separate timepoints. The inter-observer variabil-
ity was determined by the assessment conducted by two 
independent observers. Quantitative OCT measurements 
and qualitative assessments were performed for all avail-
able slices, including the stented segment and 5-mm-long 
proximal and distal references. For cross-sectional ana-
lyzes, stent cross-sectional area (CSA) and lumen CSA 
were manually measured at 1.0-mm intervals. Inadequate 
images including poor quality images and cross sections 
with major branches (> 90° of the vessel wall or diam-
eter > 2.0 mm) were excluded. Tissue/thrombus CSA was 
calculated as the stent CSA minus the lumen CSA. The 
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percentage of tissue/thrombus CSA was defined as the 
tissue/thrombus CSA divided by the stent CSA. Tissue/
thrombus thickness was defined as the distance between 
the luminal surface of the tissue/thrombus and the strut. 
Stent eccentricity was calculated as the ratio of maximal 
stent diameter minus the minimum stent diameter to the 
maximum stent diameter. Percentage of cross sections 
with any uncovered or malapposed struts was calculated 
as the number of CSA with any uncovered or malapposed 
struts, divided by the number of analyzed CSA of each 
participant. For the strut-level analyzes, the number of 
struts was counted manually at 1.0-mm intervals, and 
the state of coverage and apposition of each strut was 
assessed. The percentage of covered struts and apposed 
struts was calculated. Qualitative analyzes assessed the 
presence of protrusion consisting of thrombus and coro-
nary plaque, stent-edge dissection, and neointimal vascu-
latures. A mural red thrombus was defined as an irregular 
mass (diameter > 250 μm) protruding beyond the stent 
strut into the lumen with significant attenuation behind 
the mass. The definition of tissue vasculatures was signal-
poor tubuloluminal structures within the tissue/thrombus 
that were recognized on 3 consecutive cross-sectional 
images. The primary outcome of this study was the degree 
of SYNERGY stent strut coverage at 2 weeks.

Statistical analysis

All collected data were aggregated in the clinical research 
data center at Chiba University Hospital and analyzed. 
Categorical variables were presented as counts and per-
centages and continuous variables were expressed as 
mean ± standard deviation. In categorical variables, 
comparisons between two groups were conducted with 
Fisher’s exact test or the χ2 test. In continuous vari-
ables, two-tailed Student’s t test or Mann–Whitney U 
test were applied. A kappa test was used to evaluate 
the inter- and intra-observer variabilities for qualitative 
OCT assessment. The kappa value for inter- and intra-
observer agreements between the two observers was 0.96 
and 0.99, respectively. To evaluate the clinical factors 
affecting SYNERGY strut coverage, both univariate and 
multivariate logistic regression analyzes were performed. 
The dependent variable was a greater level of strut cover-
age, using the median percentage of strut coverage as the 
cut-off value. We formed two groups based on the mean 
value in case of a continuous independent variable. Vari-
ables with p < 0.30 in the univariate analysis or clinically 
related to the strut coverage were entered into the multi-
variate logistic models. All calculations were performed 
using STATA version 14.0 software (Stata Corp., College 
Station, TX, USA).

Results

Clinical characteristics

Clinical characteristics are summarized in Table 1. The par-
ticipants were relatively young (67.8 ± 8.9 years), and 69% 
of them were male. Approximately 50% of the participants 
had a history of diabetes mellitus (48%), while the history 
of hypertension or dyslipidemia was more frequent (72% 
and 72%, respectively). Sixty-nine percent of the patients 
had undergone an index PCI for acute coronary syndrome. 
There were no significant differences in baseline clinical 
characteristics between ACS and non-ACS patients. How-
ever, the previous aspirin, statin, and beta-blocker medica-
tion were significantly higher in non-ACS patients than in 
ACS patients.

Lesion and procedural characteristics

Lesion and procedural characteristics at index PCI are shown 
in Table 2. Although the left circumflex artery was less fre-
quent as a target vessel compared to the other vessels, the 
types of complex lesions were evenly distributed. In QCA 
measurements, the lesion length was 41.5 ± 24.2 mm, and 
MLD before index PCI was 0.6 ± 0.4 mm. The number of 
SYNERGY stents was 1.7 ± 0.8, and the total stent length 
was 48.4 ± 27.6 mm. All lesions included in this study were 
de novo. No significant differences were observed in lesion 
and procedural characteristics between ACS and non-ACS 
patients.

OCT findings

Time interval from index PCI to the OCT image acquired 
during the staged PCI was 14.2 ± 1.3  days. The num-
ber of analyzed cross sections and struts per patient were 
28.9 ± 10.3 and 250 ± 93.3, respectively. Minimum stent 
diameter was 2.8 ± 0.4 mm, maximum stent diameter was 
3.3 ± 0.5 mm, and the stent eccentricity was 15.2 ± 5.3%. 
Percentage of strut coverage and apposition was 
82.4 ± 12.4% and 96.2 ± 5.0%, respectively. There were no 
stent-edge dissections at 2 weeks after SYNERGY implan-
tation. Intramural red thrombus was identified in 3 patients 
(10%). Figure 1 demonstrates representative OCT image of 
covered and uncovered stent struts.

Comparison of OCT analysis between ACS 
and non‑ACS patients

OCT findings between ACS and non-ACS patients are 
reported in Table 3. The average stent, lumen, and tissue/
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thrombus area were quite similar between patients with 
and without ACS. Strut-level analysis also showed the 
frequency of uncovered struts and malapposed struts, and 
mean tissue/thrombus thickness was compatible between 
the two groups. The prevalence of tissue protrusion tended 
to be higher in non-ACS than in ACS patients, although 
these differences were not statistically significant.

Clinical factors associated with greater strut 
coverage

Table 4 shows the results of logistic regression analysis for 
factors contributing to greater strut coverage. The lesion 
complexity was significantly related to greater strut cov-
erage on univariate analysis; however, it was found to be 
insignificant in multivariate analysis.

Discussion

The present study demonstrated a high level of strut cov-
erage and apposition of SYNERGY stents 2 weeks after 
implantation.

Poor strut coverage resulted in early and late stent 
thrombosis [6, 7, 12]; therefore, early neointimal forma-
tion is favorable after stent implantation. Though strut 
coverage of stents with the thin-strut platform is observed 
in the early phase, the previous studies demonstrated vary-
ing rates of strut coverage with the new-generation DES 
in the early phase. The extent of strut coverage depends 
on the lesion and procedural characteristics. In our study, 
despite no specific protocol defined, all index PCIs were 
performed with intravascular ultrasound imaging. Wider 

Table 1   Clinical characteristics

Values are mean ± standard deviation or n (%)
ACS acute coronary syndrome, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor 
blocker, CABG coronary artery bypass graft surgery, CKD chronic kidney disease, MI myocardial infarc-
tion, PCI percutaneous coronary intervention

Variable ACS (n = 18) Non-ACS (n = 11) p value

Patient characteristics at index PCI
 Age, years 66.7 ± 9.1 69.6 ± 8.7 0.4
 Male, n (%) 12 (67) 8 (73) 0.7
 Body mass index, kg/m2 23.8 ± 3.5 23.9 ± 5.0 0.9
 Hypertension, n (%) 14 (78) 7 (64) 0.4
 Diabetes mellitus, n (%) 9 (50) 5 (46) 0.8
 Dyslipidemia, n (%) 12 (67) 9 (82) 0.4
 Current smoker, n (%) 6 (33) 3 (27) 0.7
 CKD, n (%) 1 (6) 2 (18) 0.3

Prior ischemic heart disease and treatment
 Prior MI, n (%) 1 (6) 1 (9) 0.7
 Prior PCI, n (%) 3 (17) 1 (9) 0.6
 Prior CABG, n (%) 0 (0) 0 (0) 1.0

Clinical presentation at index PCI –
 ST-segment elevated MI, n (%) 5 (28) –
 Non ST-segment elevated MI, n (%) 9 (50) –
 Unstable angina, n (%) 4 (22) –

Medication at index PCI
 Aspirin, n (%) 2 (11) 9 (82) < 0.01
 Clopidogrel, n (%) 2 (11) 3 (27) 0.3
 Prasugrel, n (%) 0 (0) 0 (0) 1.0
 Statin, n (%) 5 (28) 9 (82) < 0.01
 ß blocker, n (%) 2 (11) 5 (46) 0.04
 ACEI or ARB, n (%) 4 (22) 5 (46) 0.2
 Calcium channel blocker, n (%) 6 (33) 4 (36) 0.9
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use of intravascular ultrasound imaging might increase the 
extent of strut coverage.

New-generation DES has demonstrated good strut cov-
erage in the early phase in recent studies. The Ultimaster 
stent (Terumo Corporation, Tokyo, Japan) is a type of 

new-generation DES, which has a similar architecture as the 
SYNERGY stent. The Ultimaster stent has a cobalt–chro-
mium platform and sirolimus in a biodegradable poly (d, 
l–lactic acid) and polycaprolactone polymer on the ablu-
minal side. The thickness of these two stents is comparable 

Table 2   Lesion and procedural 
characteristics

Values are mean ± standard deviation or n (%)
ACS acute coronary syndrome, MLD minimum lumen diameter, PCI percutaneous coronary intervention, 
QCA quantitative coronary angiography

Variable ACS (n = 18) Non-ACS (n = 11) p value

Target vessel
 Left main, n (%) 2 (11) 0 (0) 0.3
 Left anterior descending artery, n (%) 9 (50) 5 (46) 0.8
 Left circumflex artery, n (%) 4 (22) 1 (9) 0.4
 Right coronary artery, n (%) 5 (28) 5 (46) 0.3

Lesion type
 A or B1, n (%) 10 (56) 4 (36) 0.3
 B1 or C, n (%) 8 (44) 7 (64) 0.3

SYNERGY stent data
 Number, n 1.7 ± 1.0 1.6 ± 0.7 0.1
 Minimum stent diameter, mm 2.9 ± 0.5 2.8 ± 0.4 0.7
 Maximum stent diameter, mm 3.2 ± 0.5 3.1 ± 0.3 0.9
 Total stent length, mm 50.0 ± 30.6 45.8 ± 23.0 0.9
 Max stent pressure at implantation, atm 15.4 ± 2.3 16.2 ± 1.9 0.4
 Post-dilatation after implantation, n (%) 7 (39) 7 (64) 0.2
 Intravascular ultrasound guided PCI, n (%) 18 (100) 11 (100) 1.0

QCA measurements
 Lesion length, mm 41.9 ± 25.7 37.0 ± 20.1 0.8
 Reference diameter, mm 2.3 ± 0.5 2.4 ± 0.3 0.8
 MLD before PCI, mm 0.5 ± 0.4 0.8 ± 0.5 0.1
 MLD after PCI, mm 2.4 ± 0.4 2.4 ± 0.3 1.0
 % diameter stenosis before PCI, % 78.8 ± 16.1 69.1 ± 18.3 0.2
 % diameter stenosis after PCI, % 21.5 ± 6.7 19.0 ± 6.5 0.4
 Acute gain, mm 1.9 ± 0.5 1.6 ± 0.3 0.1

Fig. 1   Representative image 
of covered and uncovered stent 
struts. Stent struts are sorted 
to covered (yellow arrow) or 
uncovered (red arrow) by the 
presence of tissue above struts
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(SYNERGY: 74–81  µm, Ultimaster: 80  µm). Chevalier 
et al. reported OCT assessment of Ultimaster strut cover-
age at 1, 2, and 3 months, which was 85.1%, 87.9%, and 
95.4%, respectively [13]. Meanwhile, other previous OCT 
evaluations of SYNERGY showed 94.5% strut coverage at 
3 months [5], which was as high as the Ultimaster stent. 

Other study assessed the strut coverage of biodegradable pol-
ymer DES, including Ultimaster and Synergy stents, in the 
very early phase using OCT [14]. The authors showed 53.9% 
strut coverage of biodegradable DES at 16.3 ± 7.7 days after 
implantation, which was lower than that seen in our study. 
However, the reason for the difference is uncertain; the rate 

Table 3   OCT findings

Values are mean ± standard deviation or n (%)
ACS acute coronary syndrome, CSA cross-sectional area, OCT optical coherence tomography, PCI percuta-
neous coronary intervention

Variable ACS (n = 18) Non-ACS (n = 11) p value

Intervals from index PCI to OCT image acquiring, days 14.4 ± 1.5 13.8 ± 0.9 0.3
Quantitative analysis
 Cross-sectional level analysis
  Analyzed cross sections per patients, n 28.4 ± 10.8 29.8 ± 9.8 0.7
  Mean stent CSA, mm2 7.5 ± 2.2 7.5 ± 2.3 1.0
  Mean lumen CSA, mm2 7.2 ± 2.1 7.1 ± 2.2 0.9
  Mean tissue/thrombus CSA, mm2 0.5 ± 0.2 0.5 ± 0.1 1.0
  Percentage of tissue/thrombus CSA, % 6.4 ± 2.3 6.5 ± 1.3 0.4
  Minimum stent diameter, mm 2.8 ± 0.4 2.8 ± 0.4 0.8
  Maximum stent diameter, mm 3.3 ± 0.5 3.3 ± 0.5 0.9
  Mean stent eccentricity, % 15.0 ± 5.8 15.4 ± 4.5 0.4
  Minimum lumen diameter, mm 2.7 ± 0.4 2.7 ± 0.4 0.8
  Maximum lumen diameter, mm 3.3 ± 0.5 3.2 ± 0.5 0.9
  Percentage of cross sections with any uncovered struts, % 48.8 ± 24.5 55.6 ± 23.6 0.5

 Strut-level analysis
  Analyzed struts per patients, n 255.8 ± 108.3 242.5 ± 65.8 0.7
  Percentage of covered struts, % 83.5 ± 12.5 80.6 ± 12.5 0.6
  Percentage of uncovered struts, % 16.5 ± 12.5 19.4 ± 12.5 0.6
  Percentage of malapposed struts, % 3.2 ± 4.6 4.7 ± 5.6 0.3
  Mean tissue/thrombus thickenss, µm 51.0 ± 16.5 50.9 ± 8.6 0.7

 Qualitative analysis
  Stent edge dissection, n (%) 0 (0) 0 (0) 1.0
  Protrusion, n (%) 10 (56) 9 (82) 0.2
  Intramural red thrombus, n (%) 2 (11) 1 (9) 0.9
  Tissue vasculature, n (%) 1 (6) 0 (0) 0.4

Table 4   Clinical factors 
associating with greater strut 
coverage

CI confidence interval, OR odds ratio, PCI percutaneous coronary intervention

Variable Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Hypertension 1.100 (0.215–5.609) 0.909 – –
Diabetes Mellitus 0.500 (0.114–2.194) 0.358 – –
Dyslipidemia 2.222 (0.417–11.829) 0.349 – –
Acute coronary syndrome 2.750 (0.583–12.976) 0.201 1.942 (0.355–10.616) 0.444
Statin use 0.875 (0.204–3.761) 0.858 – –
Type B1 or C lesion 0.200 (0.041–0.971) 0.046 0.249 (0.048–1.299) 0.099
Post dilatation 0.278(0.060–1.286) 0.101 0.386 (0.073–2.039) 0.263
Greater stent eccentricity 2.222 (0.514–9.612) 0.285 – –
Greater % diameter stenosis 0.583 (0.137–2.481) 0.466 – –
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of malapposed struts was close to our study (4.4% in their 
study, 3.8% in our study). The OCT analysis method in their 
study might have been different from that in our study.

The risk of stent thrombosis is high until adequate neoin-
timal healing, and hence, early achievement of high level of 
strut coverage is preferable. Current guidelines recommend 
dual antiplatelet therapy (DAPT) after DES implantation 
[15, 16], and the optimal duration of DAPT depends on the 
concomitant disease and medication, and the clinical pres-
entation at PCI. In all cases, more than 3 months, DAPT is 
recommended, unless combined with an oral anticoagulant. 
Since DAPT prolongation is associated with a greater risk 
of bleeding, some recent prospective or retrospective tri-
als were conducted for validating the safety and efficacy of 
shorter DAPT duration [17–22]. A relatively high level of 
SYNERGY strut coverage at a very early phase observed in 
our study would lead to lower incidence of early stent throm-
bosis, and may support the potential for a shorter duration of 
DAPT. Rapid arterial healing is of the utmost importance in 
patients who have major bleeding and/or need urgent non-
cardiac surgery within 1 month after DES implantation.

This study had several limitations. First, the number of 
enrolled patients was relatively small. Second, we found 
some difficulty in precisely distinguishing the borders 
between fibrin from the neointima. Third, OCT examina-
tions were not performed immediately after stent implanta-
tion. Therefore, whether the cases of incomplete apposition 
observed in the current study were persistent or late acquired 
is unknown. Fourth, a cluster effect could represent another 
limitation. The percentage of uncovered and malapposed 
struts may vary between individuals and might affect clini-
cal outcomes. Fifth, although favorable early strut coverage 
of SYNEGY stent may support short duration of DAPT, 
prolonged DAPT might extend protection from thrombotic 
event, especially for patients with ACS [23].

Conclusions

The new-generation everolimus-eluting platinum chromium 
stent showed a high level of strut coverage and apposition, 
2 weeks after implantation.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

References

	 1.	 Babapulle MN, Joseph L, Bélisle P, Brophy JM, Eisenberg MJ 
(2004) A hierarchical Bayesian meta-analysis of randomised 
clinical trials of drug-eluting stents. Lancet 364:583–591

	 2.	 Daemen J, Wenaweser P, Tsuchida K, Abrecht L, Vaina S, 
Morger C, Kukreja N, Jüni P, Sianos G, Hellige G, van Dom-
burg RT, Hess OM, Boersma E, Meier B, Windecker S, Ser-
ruys PW (2007) Early and late coronary stent thrombosis of 
sirolimus-eluting and paclitaxel-eluting stents in routine clinical 
practice: data from a large two-institutional cohort study. Lancet 
369:667–678

	 3.	 Nakazawa G, Finn AV, Joner M, Ladich E, Kutys R, Mont EK, 
Gold HK, Burke AP, Kolodgie FD, Virmani R (2008) Delayed 
arterial healing and increased late stent thrombosis at culprit sites 
after drug-eluting stent placement for acute myocardial infarction 
patients: an autopsy study. Circulation 118:1138–1145

	 4.	 Stefanini GG, Byrne RA, Serruys PW, De Waha A, Meier B, 
Massberg S, Jni P, Schömig A, Windecker S, Kastrati A (2012) 
Biodegradable polymer drug-eluting stents reduce the risk of 
stent thrombosis at 4 years in patients undergoing percutaneous 
coronary intervention: a pooled analysis of individual patient 
data from the ISAR-TEST 3, ISAR-TEST 4, and LEADERS 
randomized trial. Eur Heart J 33:1214–1222

	 5.	 de la Torre Hernández JM, Tejedor P, Camarero TG, Duran JM, 
Lee DH, Monedero J, Laso FS, Calderón MA, Veiga G, Zueco J 
(2016) Early healing assessment with optical coherence tomog-
raphy of everolimus-eluting stents with bioabsorbable polymer 
(synergyTM) at 3 and 6 months after implantation. Catheter Car-
diovasc Interv 88:E67–E73

	 6.	 Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, 
Kutys R, Skorija K, Gold HK, Virmani R (2006) Pathology of 
drug-eluting stents in humans. J Am Coll Cardiol 48:193–202

	 7.	 Takano M, Mizuno K (2006) Late coronary thrombosis in a 
sirolimus-eluting stent due to the lack of neointimal coverage. 
Eur Heart J 27:1133

	 8.	 Smith SC, Dove JT, Jacobs AK, Ward Kennedy J, Kereiakes 
D, Kern MJ, Kuntz RE, Popma JJ, Schaff HV, Williams DO, 
Gibbons RJ, Alpert JP, Eagle KA, Faxon DP, Fuster V, Gardner 
TJ, Gregoratos G, Russell RO, Smith SC (2001) ACC/AHA 
guidelines for percutaneous coronary intervention (revision of 
the 1993 PTCA guidelines)—executive summary. J Am Coll 
Cardiol 37:2215–2238

	 9.	 Kim JS, Hong MK, Shin DH, Kim BK, Ko YG, Choi D, Jang 
Y (2012) Quantitative and qualitative changes in DES-related 
neointimal tissue based on serial OCT. JACC Cardiovasc Imag-
ing 5:1147–1155

	10.	 Tearney GJ, Regar E, Akasaka T, Adriaenssens T, Barlis P, 
Bezerra HG, Bouma B, Bruining N, Cho JM, Chowdhary S, Costa 
MA, De Silva R, Dijkstra J, Di Mario C, Dudeck D, Falk E, Feld-
man MD, Fitzgerald P, Garcia H, Gonzalo N, Granada JF, Gua-
gliumi G, Holm NR, Honda Y, Ikeno F, Kawasaki M, Kochman 
J, Koltowski L, Kubo T, Kume T, Kyono H, Lam CCS, Lamouche 
G, Lee DP, Leon MB, Maehara A, Manfrini O, Mintz GS, Mizuno 
K, Morel MA, Nadkarni S, Okura H, Otake H, Pietrasik A, Prati 
F, Rber L, Radu MD, Rieber J, Riga M, Rollins A, Rosenberg M, 
Sirbu V, Serruys PWJC, Shimada K, Shinke T, Shite J, Siegel E, 
Sonada S, Suter M, Takarada S, Tanaka A, Terashima M, Troels 
T, Uemura S, Ughi GJ, Van Beusekom HMM, Van Der Steen 
AFW, Van Es GA, Van Soest G, Virmani R, Waxman S, Weiss-
man NJ, Weisz G (2012) Consensus standards for acquisition, 
measurement, and reporting of intravascular optical coherence 
tomography studies: a report from the International Working 
Group for Intravascular Optical Coherence Tomography Stand-
ardization and Validation. J Am Coll Cardiol 59:1058–1072



1265Heart and Vessels (2019) 34:1258–1265	

1 3

	11.	 Di Vito L, Yoon JH, Kato K, Yonetsu T, Vergallo R, Costa M, 
Bezerra HG, Arbustini E, Narula J, Crea F, Prati F, Jang I-K, Jang 
I-K, COICO group (Consortium of Investigators for Coronary 
OCT) (2014) Comprehensive overview of definitions for optical 
coherence tomography-based plaque and stent analyses. Coron 
Artery Dis 25:172–185

	12.	 Guagliumi G, Sirbu V, Musumeci G, Gerber R, Biondi-Zoccai 
G, Ikejima H, Ladich E, Lortkipanidze N, Matiashvili A, Valsec-
chi O, Virmani R, Stone GW (2012) Examination of the in vivo 
mechanisms of late drug-eluting stent thrombosis: findings from 
optical coherence tomography and intravascular ultrasound imag-
ing. JACC Cardiovasc Interv 5:12–20

	13.	 Chevalier B, Smits PC, Carrié D, Mehilli J, Van Boven AJ, Regar 
E, Sawaya FJ, Chamie D, Kraaijeveld AO, Hovasse T, Vlacho-
jannis GJ (2017) Serial assessment of strut coverage of biode-
gradable polymer drug-eluting stent at 1, 2, and 3 months after 
stent implantation by optical frequency domain imaging: the DIS-
COVERY 1TO3 study (evaluation with OFDI of strut coverage of 
terumo new drug eluting). Circ Cardiovasc Interv 10:e004801

	14.	 Kobayashi N, Ito Y, Yamawaki M, Araki M, Sakai T, Sakamoto Y, 
Mori S, Tsutsumi M, Nauchi M, Honda Y, Tokuda T, Makino K, 
Shirai S, Hirano K (2018) Very early neointimal coverage of new 
biodegradable polymer drug-eluting stent compared with durable 
polymer everolimus-eluting stent evaluated by optical frequency 
domain imaging. Int J Cardiovasc Imaging 34:515–522

	15.	 Valgimigli M, Bueno H, Byrne RA, Collet J-P, Costa F, Jeppsson 
A, Jüni P, Kastrati A, Kolh P, Mauri L, Montalescot G, Neumann 
F-J, Petricevic M, Roffi M, Steg PG, Windecker S, Zamorano 
JL, Levine GN, Badimon L, Vranckx P, Agewall S, Andreotti F, 
Antman E, Barbato E, Bassand J-P, Bugiardini R, Cikirikcioglu 
M, Cuisset T, De Bonis M, Delgado V, Fitzsimons D, Gaemperli 
O, Galiè N, Gilard M, Hamm CW, Ibanez B, Iung B, James S, 
Knuuti J, Landmesser U, Leclercq C, Lettino M, Lip G, Piepoli 
MF, Pierard L, Schwerzmann M, Sechtem U, Simpson IA, Uva 
MS, Stabile E, Storey RF, Tendera M, Van de Werf F, Verheugt 
F, Aboyans V, Windecker S, Aboyans V, Agewall S, Barbato E, 
Bueno H, Coca A, Collet J-P, Coman IM, Dean V, Delgado V, 
Fitzsimons D, Gaemperli O, Hindricks G, Iung B, Jüni P, Katus 
HA, Knuuti J, Lancellotti P, Leclercq C, McDonagh T, Piepoli 
MF, Ponikowski P, Richter DJ, Roffi M, Shlyakhto E, Simpson 
IA, Zamorano JL, Windecker S, Aboyans V, Agewall S, Barbato 
E, Bueno H, Coca A, Collet J-P, Coman IM, Dean V, Delgado V, 
Fitzsimons D, Gaemperli O, Hindricks G, Iung B, Jüni P, Katus 
HA, Knuuti J, Lancellotti P, Leclercq C, McDonagh T, Piepoli 
MF, Ponikowski P, Richter DJ, Roffi M, Shlyakhto E, Simpson 
IA, Zamorano JL, Roithinger FX, Aliyev F, Stelmashok V, Des-
met W, Postadzhiyan A, Georghiou GP, Motovska Z, Grove EL, 
Marandi T, Kiviniemi T, Kedev S, Gilard M, Massberg S, Alexo-
poulos D, Kiss RG, Gudmundsdottir IJ, McFadden EP, Lev E, 
De Luca L, Sugraliyev A, Haliti E, Mirrakhimov E, Latkovskis 
G, Petrauskiene B, Huijnen S, Magri CJ, Cherradi R, Ten Berg 
JM, Eritsland J, Budaj A, Aguiar CT, Duplyakov D, Zavatta M, 
Antonijevic NM, Motovska Z, Fras Z, Montoliu AT, Varenhorst 
C, Tsakiris D, Addad F, Aydogdu S, Parkhomenko A, Kinnaird T 
(2018) 2017 ESC focused update on dual antiplatelet therapy in 
coronary artery disease developed in collaboration with EACTS. 
Eur Heart J 39:213–260

	16.	 Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, 
Granger CB, Lange RA, Mack MJ, Mauri L, Mehran R, Mukher-
jee D, Newby LK, O’Gara PT, Sabatine MS, Smith PK, Smith 
SC (2016) 2016 ACC/AHA guideline focused update on duration 
of dual antiplatelet therapy in patients with coronary artery dis-
ease: a report of the American College of Cardiology/American 
Heart Association task force on clinical practice guidelines: an 
update of the 2011 ACCF/AHA/SCAI guideline for percutaneous 
coronary intervention, 2011 ACCF/AHA guideline for coronary 

artery bypass graft surgery, 2012 ACC/AHA/ACP/AATS/PCNA/
SCAI/STS guideline for the diagnosis and management of patients 
with stable ischemic heart disease, 2013 ACCF/AHA guideline 
for the management of ST-elevation myocardial infarction, 2014 
AHA/ACC guideline for the management of patients with non–
ST-elevation acute coronary syndromes, and 2014 ACC/AHA 
guideline on perioperative cardiovascular evaluation and man-
agement of patients undergoing noncardiac surgery. Circulation 
134:e123–e155

	17.	 Gwon HC, Hahn JY, Park KW, Bin Song Y, Chae I-H, Lim D-S, 
Han K-R, Choi J-H, Choi SH, Kang H-J, Koo B-K, Ahn T, Yoon 
J-H, Jeong M-H, Hong T-J, Chung W-Y, Choi Y-J, Hur S-H, Kwon 
H-M, Jeon D-W, Kim B-O, Park S-H, Lee N-H, Jeon H-K, Jang 
Y, Kim H-S (2012) Six-month versus 12-month dual antiplate-
let therapy after implantation of drug-eluting stents: the efficacy 
of xience/promus versus cypher to reduce late loss after stent-
ing (EXCELLENT) randomized, multicenter study. Circulation 
125:505–513

	18.	 Kim B-K, Hong M-K, Shin D-H, Nam C-M, Kim J-S, Ko Y-G, 
Choi D, Kang T-S, Park B-E, Kang W-C, Lee S-H, Yoon J-H, 
Hong B-K, Kwon H-M, Jang Y, RESET Investigators (2012) A 
new strategy for discontinuation of dual antiplatelet therapy: the 
RESET trial (REal safety and efficacy of 3-month dual antiplatelet 
therapy following endeavor zotarolimus-eluting stent implanta-
tion). J Am Coll Cardiol 60:1340–1348

	19.	 Stefanini GG, Siontis GCM, Cao D, Heg D, Jüni P, Windecker S 
(2014) Short versus long duration of DAPT after DES implanta-
tion: a meta-analysis. J Am Coll Cardiol 64:953–954

	20.	 Valgimigli M, Campo G, Monti M, Vranckx P, Percoco G, Tum-
scitz C, Castriota F, Colombo F, Tebaldi M, Fucà G, Kubbajeh 
M, Cangiano E, Minarelli M, Scalone A, Cavazza C, Frangione 
A, Borghesi M, Marchesini J, Parrinello G, Ferrari R, Prolong-
ing Dual Antiplatelet Treatment After Grading Stent-Induced 
Intimal Hyperplasia Study (PRODIGY) Investigators (2012) 
Short- versus long-term duration of dual-antiplatelet therapy 
after coronary stenting: a randomized multicenter trial. Circula-
tion 125:2015–2026

	21.	 Feres F, Costa RA, Abizaid A, Leon MB, Marin-Neto JA, Botelho 
RV, King SB, Negoita M, Liu M, de Paula JET, Mangione JA, 
Meireles GX, Castello HJ, Nicolela EL, Perin MA, Devito FS, 
Labrunie A, Salvadori D, Gusmão M, Staico R, Costa JR, de 
Castro JP, Abizaid AS, Bhatt DL, OPTIMIZE Trail Investiga-
tors (2013) Three vs twelve months of dual antiplatelet therapy 
after zotarolimus-eluting stents: the OPTIMIZE randomized trial. 
JAMA 310:2510–2522

	22.	 Natsuaki M, Morimoto T, Yamamoto E, Shiomi H, Furukawa Y, 
Abe M, Nakao K, Ishikawa T, Kawai K, Yunoki K, Shimizu S, 
Akao M, Miki S, Yamamoto M, Okada H, Hoshino K, Kadota K, 
Morino Y, Igarashi K, Tanabe K, Kozuma K, Kimura T (2016) 
One-year outcome of a prospective trial stopping dual antiplatelet 
therapy at 3 months after everolimus-eluting cobalt-chromium 
stent implantation: ShortT and OPtimal duration of Dual Anti-
Platelet Therapy after everolimus-eluting cobalt-chromium stent 
(STOPDAPT) trial. Cardiovasc Interv Ther 31:196–209

	23.	 Yeh RW, Kereiakes DJ, Steg PG, Windecker S, Rinaldi MJ, Ger-
shlick AH, Cutlip DE, Cohen DJ, Tanguay JF, Jacobs A, Wiviott 
SD, Massaro JM, Iancu AC, Mauri L (2015) Benefits and risks of 
extended duration dual antiplatelet therapy after PCI in patients 
with and without acute myocardial infarction. J Am Coll Cardiol 
65:2211–2221

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Assessment of strut coverage of everolimus-eluting platinum chromium stent 2 weeks after implantation by optical coherence tomography
	Abstract
	Introduction
	Methods
	Study design and population
	Index coronary lesion assessment
	OCT image acquisition and analysis
	Statistical analysis

	Results
	Clinical characteristics
	Lesion and procedural characteristics
	OCT findings
	Comparison of OCT analysis between ACS and non-ACS patients
	Clinical factors associated with greater strut coverage

	Discussion
	Conclusions
	References




