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Abstract
Aims: We compared endothelial function and intra-stent condition after second-generation everolimus-elut-

ing stent (EES) versus first-generation drug-eluting stent (DES) implantation.

Methods and results: We enrolled 117 patients with stable angina who were treated with EES (n=44), 

sirolimus-eluting stents (SES) (n=43), and paclitaxel-eluting stents (PES) (n=30). At nine-month follow-up, 

endothelial function was evaluated by intracoronary acetylcholine (Ach) infusion. Vascular responses to Ach 

were quantitatively measured. With angioscopy, cases were assessed for: 1) the degree of neointimal cover-

age (grade 0: no coverage, to 3: full coverage); 2) presence of in-stent thrombus; and 3) existence of yellow 

intima. Vasomotion to Ach distal to the EES was better preserved than to the SES and PES (vs. SES; p<0.01 

and vs. PES; p<0.01), while vasomotions to Ach proximal to the stent were comparable among the three 

groups (p=0.12). From the angioscopic study, the incidences of in-stent thrombus and yellow intima in the 

EES group were significantly lower than in the SES and PES groups (thrombus - EES: 6.8%, SES: 27.9%, 

PES: 60.0%; p<0.01, yellow intima - EES: 11.4%, SES: 51.2%, PES: 36.7%, p<0.01), whereas the neointimal 

coverage was similar among the three groups (p=0.44).

Conclusions: EES demonstrated better endothelial function, less thrombus formation, and less yellow 

intima than first-generation DES at nine-month follow-up.
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Abbreviations
Ach acetylcholine

BMS bare metal stents

DES drug-eluting stents

EES everolimus-eluting stents

NTG nitroglycerine

PCI percutaneous coronary intervention

PES paclitaxel-eluting stents

QCA quantitative coronary angiography

SES sirolimus-eluting stents

ST stent thrombosis

Introduction
Drug-eluting stents (DES) have significantly reduced in-stent reste-

nosis and target lesion revascularisation after percutaneous coronary 

intervention (PCI) as compared with bare metal stents (BMS)1,2. 

In spite of these benefits, concern over increased stent thrombosis 

(ST) still exists3. Although the incidences of ST are low, ST is an 

immediate life-threatening complication and may occur consistently 

up to at least five years after implantation of first-generation DES, 

sirolimus-eluting stents (SES) and paclitaxel-eluting stents (PES)4,5. 

Several pathophysiological factors could be associated with ST, such 

as delayed re-endothelialisation, incomplete stent strut coverage, 

prolonged inflammation, hypersensitivity reactions, late acquired 

malapposition, strut fractures, and neoatherosclerosis6-10. In particu-

lar, delayed re-endothelialisation and incomplete stent strut cover-

age have been considered as significant factors with regard to ST in 

human autopsy studies7,8. The use of durable polymer coating, the 

thickness of the stent struts, and the dose of the antiproliferative drug 

and its release kinetics in first-generation DES have been implicated 

as important contributory factors in these issues11-13.

Meanwhile, second-generation DES, including everolimus-elut-

ing stents (EES), have been developed with different drugs, more 

biocompatible polymers, improved drug release kinetics and thin-

ner stent struts. Indeed, EES showed better outcomes including 

a lower risk of ST compared with first-generation DES in real-

world patients14-16. This favourable clinical performance might be 

associated with better vascular response to EES. However, there 

have been few investigations on endothelial function and arterial 

healing in EES17,18.

Coronary angioscopy is a unique imaging modality that allows 

inspection macroscopic pathology in living patients and direct visu-

alisation of luminal structure such as atherosclerotic plaque, throm-

bus, stent struts, and proliferating neointima.

The aim of this study was to evaluate coronary endothelial func-

tion and intra-stent condition using angioscopy in patients at nine 

months after EES implantation, and to compare these data with 

first-generation DES results.

Methods
STUDY PROTOCOL

This single-centre, non-randomised study involves 48 patients 

implanted with EES (XIENCE™; Abbott Vascular, Santa Clara, CA, 

USA), included prospectively from January 2011 to January 2013, 

together with 46 patients implanted with SES (CYPHER™; Cordis 

Corporation, Miami Lakes, FL, USA) and 36 patients implanted 

with PES (TAXUS™; Boston Scientific Corporation, Natick, MA, 

USA), included prospectively from January 2009 to December 

2011. Some of these study data regarding patients with SES (n=40) 

and PES (n=26) were included in our previous report19. Eligible 

subjects were diagnosed with stable effort angina and treated with 

a single DES for a de novo single lesion. All stents were implanted 

using standard PCI techniques. Follow-up coronary angiography, 

coronary endothelial function evaluation and coronary angioscopy 

were performed at nine months after PCI. Exclusion criteria for this 

study were: acute and old myocardial infarction, clinical or angio-

graphic history of coronary vasospasm, previous coronary bypass 

graft surgery, left main coronary artery lesion, bifurcation lesion 

requiring two stents, chronic total occlusions, in-stent restenosis 

lesion, angiographic in-stent restenosis by follow-up angiography, 

symptomatic congestive heart failure, severe left ventricular dys-

function (ejection fraction <30%) and severe valvular heart disease. 

This study was approved by the ethics committee of our institution 

and all patients provided written informed consent.

MEDICATION REGIMEN

All patients received aspirin (100 mg/day) and clopidogrel (75 mg/

day) during the follow-up period. Statins and renin-angiotensin sys-

tem inhibitors including angiotensin-converting enzyme inhibitors 

(ACEI) and angiotensin receptor blockers (ARB) were adminis-

tered daily to all patients wherever possible, because these drugs 

may have salutary effects on coronary endothelial function20-22.

EVALUATION OF CORONARY ENDOTHELIAL FUNCTION

Coronary endothelial function was estimated by measuring coro-

nary vasomotion in response to acetylcholine (Ach) at nine-month 

follow-up. All vasoactive medications, including calcium channel 

blockers, long-acting nitrates, ACEI, ARB and β-blockers, were 

discontinued at least 24 hours before the test. After baseline angi-

ography, endothelium-dependent vasomotor response was evalu-

ated by using an intracoronary infusion of Ach in incremental doses 

at 10–7 and 10–6 mol/L for two minutes. At least three minutes were 

allowed between each infusion. If clinically needed, a temporary 

pacemaker was inserted through the femoral vein. Subsequently, 

endothelium-independent vasomotor response was tested after 

an intracoronary bolus infusion of nitroglycerine (NTG, 200 μg). 

Angiography was repeated every 30 seconds for two minutes after 

each drug infusion. The maximal vasomotor responses to Ach and 

NTG were determined by quantitative coronary angiography (QCA) 

with a CAAS II system (Pie Medical Imaging BV, Maastricht, The 

Netherlands). QCA measurements were performed by an independ-

ent blinded reviewer. Two segments, 5~25 mm proximal and distal 

to the stent, were analysed. Additionally, as a reference, an angio-

graphically normal segment in another vessel was evaluated. If the 

stent was in the right coronary artery, an angiographically normal 

segment as far away as possible from the stent was analysed as the 
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reference. The same segments were identified by anatomical land-

marks and assessed at each measurement. Changes in vessel diam-

eter in response to Ach and NTG infusion were calculated as the 

percentage of changes versus the baseline coronary diameter.

ANGIOSCOPIC PROCEDURES AND EVALUATION

After assessment of endothelial function, coronary angioscopy was 

performed using a balloon occlusion type of angioscopy device 

(Vecmova NEO™; FiberTech Corporation, Tokyo, Japan). Details 

regarding the procedure and specifications for these devices have 

been described elsewhere23. Briefly, the angioscopic fibre was 

placed distal to the stent and was pulled back manually, from dis-

tal to proximal segment of the stent, under careful angioscopic and 

angiographic guidance. When the field of view was flushed clear 

of blood with Lactated Ringer’s solution, inflation of the occlusion 

balloon was constantly maintained. Each angioscopic image acqui-

sition took about 20 seconds, and all sequences were recorded for 

subsequent off-line analysis. Angioscopic images were evaluated 

with a focus on the following: 1) the dominant degree of neointimal 

coverage over the stent, 2) presence of thrombus inside the stent, 

and 3) existence of yellow intima over and underneath the stent 

(Figure 1). The degree of neointimal coverage over the stent was 

classified into four grades as previously described19,24-26: grade 0, 

fully visible stent struts similar to immediately after stent implan-

tation; grade 1, stent struts with very thin neointimal coverage, but 

protruded into the lumen and transparently visible; grade 2, stent 

struts embedded by neointima but seen translucently; and grade 3, 

stent struts fully embedded and not visible by angioscopy. If vari-

ous grades were seen in the stent, the dominant pattern in the entire 

stent was used as the grade of the stent.

Statistical analysis
Statistical analysis was performed using the SPSS Version 22.0 

(IBM Corp., Armonk, NY, USA). All continuous data are given as 

mean±standard deviation or median and interquartile range, according 

to their normal or non-normal distribution. One-way analysis of vari-

ance (ANOVA) with a Scheffe test for multiple comparisons was used 

in continuous variables. If data were skewed, Kruskal-Wallis was 

applied and followed by a Mann-Whitney test with Bonferroni cor-

rection for multiple comparisons. Categorical variables are presented 

as number (n) or percentage (%). The chi-square test with Bonferroni 

adjustment was used in categorical variables. The group differences 

on % changes in vessel diameter were tested by two-way ANOVA for 

repeated measurements with a Scheffe test for multiple comparisons. 

To identify factors that were independently associated with endothe-

lial dysfunction, linear regression analyses were used. Including only 

variables with p<0.05 on simple linear regression test, forward step-

wise multivariate regression analysis was performed. A two-tailed 

p-value less than 0.05 was considered statistically significant.

Results
Follow-up angiography was not performed in seven patients (three 

patients with EES, two patients with SES, and two patients with 

PES). Additionally, the segment proximal to the stent could not be 

Figure 1. Angioscopic images of neointimal coverage grade, thrombus and yellow intima. Grade 0: fully visible stent struts similar to 

immediately after stent implantation. Grade 1: stent struts with very thin neointima, but protruded into the lumen and transparently visible. 

Grade 2: stent struts embedded by neointima but seen translucently. Grade 3: stent struts fully embedded and not visible. Thrombus: red 

thrombus formation inside the stent; yellow intima: yellow intima over and underneath the stent.
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evaluated in four patients (one patient with EES and three patients 

with PES) due to ostial stent location, and clear angioscopic images 

could not be obtained in two patients (one patient with SES and one 

patient with PES).

As a result, a total of 117 patients (44 patients with EES, 

43 patients with SES, and 30 patients with PES) were included in 

the analysis.

Baseline patient, lesion, and procedural characteristics are shown 

in Table 1. There were significant differences in the stent diameter 

Table 1. Baseline patient, lesion, and procedural characteristics.

EES (n=44) SES (n=43) PES (n=30) p-value

Age 70.5±9.3 69.8±9.1 67.5±8.8 0.36

Men 32 (72.7%) 33 (76.7%) 21 (70.0%) 0.81

Hypertension 37 (84.1%) 32 (74.4%) 22 (73.3%) 0.44

Dyslipidaemia 28 (63.6%) 25 (58.1%) 13 (43.3%) 0.22

Diabetes mellitus 22 (50.0%) 26 (60.5%) 22 (73.3%) 0.13

Smoking 16 (36.4%) 19 (44.2%) 10 (33.3%) 0.60

LVEF (%) 64.3±8.9 63.7±11.8 66.0±7.2 0.59

Medications

Statin 27 (61.4%) 24 (55.8%) 17 (56.7%) 0.86

ACEI or ARB 26 (59.1%) 22 (51.2%) 18 (60.0%) 0.68

Calcium channel blocker 21 (47.7%) 18 (41.9%) 16 (53.3%) 0.62

-blocker 23 (52.3%) 16 (37.2%) 10 (33.3%) 0.20

Pre diameter stenosis (%) 81.9±12.3 77.7±12.6 77.4±11.7 0.18

Type B2 or C 29 (65.9%) 24 (55.8%) 16 (53.3%) 0.49

Stent diameter (mm) 3.0±0.4 2.9±0.4 3.2±0.3* <0.01

Stent length (mm) 25.2±6.7 24.5±6.4 24.6±6.1 0.86

Stent deployment pressure (atm) 11.1±2.8 13.3±3.6¶ 11.6±2.7 <0.01

Coronary artery lesion 0.41

LAD 22 (50.0%) 21 (48.8%) 19 (63.3%)

LCX 14 (31.8%) 14 (32.6%) 4 (13.3%)

RCA 8 (18.2%) 8 (18.6%) 7 (23.3%)

Values are mean±standard deviation or number (%). *vs. SES, p<0.01; vs. EES, p<0.05. 
¶vs EES, p<0.01. ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor 

blocker; LAD: left anterior descending artery; LCX: left circumflex artery; LVEF: left 

ventricular ejection fraction; RCA: right coronary artery
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Figure 2. Changes in vessel diameter in response to Ach and NTG infusion expressed as percentage of changes versus the baseline diameter. 

p-values indicate differences among the three groups. Ach: acetylcholine; NTG: nitroglycerine

and the stent deployment pressure among the three groups. Follow-up 

patient data are listed in Table 2. No significant differences were 

found in follow-up patient characteristics among the groups. At 

follow-up, late loss in the PES group was significantly greater than 

in the SES and EES groups (Table 3). No adverse cardiac events 

occurred during the follow-up period and no patients showed in-stent 

restenosis on follow-up angiography in all three groups.

Table 3. Angiographic and angioscopic findings at follow-up.

EES (n=44) SES (n=43) PES (n=30) p-value

In-stent late loss (mm) 0.05 (0.00-0.22) 0.01 (0.00-0.10) 0.46±0.35* <0.01

Grade of strut coverage 1.45±0.82 1.37±1.00 1.67±1.12 0.44

In-stent thrombus 3 (6.8%)¶ 12 (27.9%) 18 (60.0%) <0.01

Yellow intima 5 (11.4%)‡ 22 (51.2%) 11 (36.7%) <0.01

Values are mean±standard deviation, median (interquartile range), or number (%). 

*vs. SES; p<0.01, vs. EES; p<0.01. ¶vs. SES; p<0.05, vs. PES; p<0.01. ‡ vs. SES; p<0.05, 

vs. PES; p<0.05.

Table 2. Patient characteristics at follow-up.

EES (n=44) SES (n= 43) PES (n=30) p-value

Follow-up period (months) 8.5±3.1 9.3±2.1 9.9±2.9 0.09

Medications

Statin 39 (88.6%) 42 (97.7%) 30 (100%) 0.05

ACEI or ARB 42 (95.5%) 42 (97.7%) 30 (100%) 0.48

Calcium channel blocker 21 (47.7%) 18 (41.9%) 15 (50.0%) 0.76

-blocker 23 (52.3%) 23 (53.5%) 11 (36.7%) 0.31

Aspirin + clopidogrel 44 (100%) 43 (100%) 30 (100%) 1.00

Values are mean±standard deviation or number (%). ACEI: angiotensin-converting enzyme 

inhibitor; ARB: angiotensin receptor blocker

CORONARY ENDOTHELIAL FUNCTION

At the reference segments and segments proximal to the stent, 

coronary vasomotor responses to Ach and NTG were compara-

ble among the three groups (p=0.46 and p=0.12, respectively) 

(Figure 2). In contrast, vascular responses to Ach distal to the stent 

in the EES group were better preserved than in the SES and PES 
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groups (p<0.01 in ANOVA; EES vs. SES, p<0.01; EES vs. PES, 

p<0.01; SES vs. PES, p=0.84) (Figure 2).

ANGIOSCOPIC FINDINGS

Angioscopic data at follow-up are listed in Table 3. Incidences of 

in-stent thrombus and yellow intima in the EES were significantly 

lower than in the SES and PES groups (p<0.01 and p<0.01, respec-

tively), while the average of dominant neointimal coverage grading 

was comparable among the three groups (p=0.44).

INDEPENDENT FACTORS OF ENDOTHELIAL DYSFUNCTION 

DISTAL TO THE STENT AFTER DES IMPLANTATION

A linear regression analysis was performed to determine the factors 

of vasomotor response to maximum dose of Ach (10–6 mol/L) dis-

tal to the stent. No patient or lesion variables were associated with 

the vasomotive reactions to Ach distal to the stent. The presence of 

yellow intima and the grade of neointimal coverage were signifi-

cantly associated with vasoconstriction to Ach distal to the stent in 

a simple linear regression, but not in a stepwise multivariate regres-

sion. In a stepwise multivariate regression analysis, the presence 

of in-stent thrombus and the generation of DES (first/second) were 

determined to be the independent factors of endothelial dysfunction 

distal to the stent after DES implantation (p<0.001 and p<0.001, 

respectively) (Table 4).

Table 4. Independent factors of endothelial dysfunction* after DES 

implantation.

Stepwise multivariate regression

 coefficient p-value Adjusted R2

Presence of in-stent thrombus 0.40 <0.01 0.31

First-generation/second-generation 0.29 <0.01

*Vascular motion in response to acetylcholine (10–6 mol/L) at segment distal to DES. 

DES: drug-eluting stent

Discussion
The main findings of the present study were the following. 

1) Coronary vasomotions to Ach distal to the EES were better pre-

served than those of first-generation DES. 2) Incidences of in-stent 

thrombus formation and yellow intima with the EES were signifi-

cantly lower than with the first-generation DES. 3) The presence of 

in-stent thrombus and the generation of DES were the independent 

factors of endothelial dysfunction distal to the DES.

Coronary endothelial dysfunction has been suggested to be an 

independent predictor of atherosclerotic disease progression and 

cardiovascular event rates27. Likewise, incomplete neointimal cov-

erage and yellow intima could be related with an increased potential 

risk of future thrombotic events in DES7,8,28-31. In addition, the pres-

ence of in-stent thrombus would indicate lack of re-endothelialisa-

tion and/or endothelial dysfunction at the stented site.

There are numerous clinical data showing delayed arterial heal-

ing after first-generation DES implantation19,24-26. Components 

including durable polymers and thick stent struts in first-gen-

eration DES contributed to the delayed healing11-13. Moreover, 

several clinical studies of first-generation DES have revealed 

endothelial dysfunction at adjacent segments, especially in dis-

tal segments19,32-34. Although there is no definitive explanation for 

abnormal endothelial function adjacent to DES, there are several 

potential mechanisms to be considered. First, re-endothelialisation 

has been reported to be seriously delayed after first-generation 

DES implantation7,8. Accordingly, reduced nitric oxide produc-

tion attributable to delayed re-endothelialisation at the stented site 

could be associated with endothelial dysfunction adjacent to the 

DES. Second, Sahler et al showed that antiproliferative drugs may 

have locally diffused through the vasa vasorum to the non-stented 

distal segments, leading to impaired endothelial function distal to 

the DES35. Third, Pendyala et al reported that polymer incompat-

ibility and potentiation of superoxide activity may be a culprit of 

endothelial dysfunction with PES36. Fourth, as we have previously 

reported in the canine model of acute coronary syndromes, vasoac-

tive substances released from thrombi, which are shed into the dis-

tal site and would impair distal endothelial function, may also play 

a critical role37,38. Furthermore, we have shown that endothelial 

dysfunction distal to first-generation DES was strongly associated 

with the existence of in-stent thrombus in the clinical setting19. 

Thus, thrombus at the stent site might aggravate endothelial func-

tion adjacent to the DES.

ARTERIAL HEALING AND ENDOTHELIAL FUNCTION AFTER 

EES IMPLANTATION

In the current study, the use of EES was associated with better-pre-

served endothelial function, less in-stent thrombus formation, and 

less yellow intima compared with first-generation DES, whereas 

EES did not show superiority in the grade of neointimal coverage.

EES consist of a thin strut platform coated with a durable fluo-

ropolymer. Thin stent struts are associated with less arterial injury, 

less flow disturbance, more rapid endothelial cell coverage, and less 

thrombogenicity compared to thick stent struts39-41. Additionally, 

fluoropolymers of EES have also demonstrated thromboresistant 

properties with more rapid endothelialisation tendencies in sev-

eral ex vivo and in vivo experiments40,41. Thus, better re-endotheli-

alisation and less thrombus formation with EES may lead to better 

endothelial function than first-generation DES.

Yellow intima is considered as unstable plaque and could be 

related to future clinical events28-31. Previous angioscopic studies 

have revealed that yellow intima was more often observed after 

first-generation DES, especially SES implantation, compared with 

BMS25,26. Moreover, it has been reported that the yellow colour 

of plaque changes to a stable white colour during the six months 

after BMS implantation42. By contrast, in first-generation DES, 

incomplete neointimal coverage and chronic inflammation may 

be attributed to prolonged yellow intima exposure. EES treatment 

is associated with fewer inflammatory responses compared with 

first-generation DES43. Therefore, more stable healing processes 

might lead to a lower incidence of yellow intima in EES than in 
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first-generation DES, although neointima thickness in EES was 

comparable to first-generation DES.

Study limitations
Several important limitations of this study should be noted. First, 

this study was a non-randomised, non-consecutive enrolment and 

single-centre study with a relatively small number of patients. 

Additionally, patients were included in different time periods. 

However, stent selection bias was minimal and has probably not 

influenced the result, because stent selection was based only on 

stent availability over time. Indeed, there were no significant dif-

ferences in baseline patient and lesion characteristics among the 

three groups. Second, only patients who were diagnosed with sta-

ble angina and treated with a single DES for a de novo single lesion 

were evaluated in this study. Therefore, our results may have a risk 

of patient selection bias and cannot be generalised to all patients 

in the real world. Third, because our study ended at nine months 

after DES implantation, our results refer to this specific point in 

time. Fourth, no baseline angioscopic data were available, although 

the frequency of yellow intima and thrombus at follow-up should 

be affected by conditions immediately after stent implantation. 

Presumably, however, the index frequency of yellow intima and 

thrombus was similar among the three groups as judged from the 

similarity of the baseline patient, lesion, and procedural character-

istics. Fifth, the initial coronary endothelial function test was not 

performed. However, the initial endothelial function test could not 

be applied, because all patients had significant coronary lesions 

and the presence of significant stenosis would affect vasomotor 

response. To compensate for this limitation, we evaluated a refer-

ence segment as an internal, patient-specific control. Finally, the 

clinical outcome of our results in the long term remains unknown.

Conclusions
In this study, second-generation EES demonstrated better endothe-

lial function, less thrombus formation, and less yellow intima than 

first-generation DES at nine months after stent implantation.

Impact on daily practice
It is very important to evaluate coronary endothelial function 

and intra-stent condition in patients treated with DES, because 

both endothelial dysfunction and delayed arterial healing could 

be associated with future cardiovascular event rates. The present 

study is the first report to reveal that second-generation EES pro-

duce better endothelial function and arterial healing than first-

generation DES. Our results suggest second-generation EES 

treatment could provide superior clinical outcomes compared to 

first-generation DES.

Acknowledgements
The technical assistance of Miss Eiko Ogura is gratefully acknowl-

edged. We also thank Heidi Bonneau, RN, MS, CCA, for her edito-

rial review.

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

References
 1. Stone GW, Moses JW, Ellis SG, Schofer J, Dawkins KD, 

Morice MC, Colombo A, Schampaert E, Grube E, Kirtane AJ, 

Cutlip DE, Fahy M, Pocock SJ, Mehran R, Leon MB. Safety and 

efficacy of sirolimus- and paclitaxel-eluting coronary stents. N Engl 

J Med. 2007;356:998-1008.

 2. Stetter C, Wandel S, Allemann S, Kastrati A, Morice MC, 

Schömig A, Pfisterer ME, Stone GW, Leon MB, de Lezo JS, 

Goy JJ, Park SJ, Sabaté M, Suttorp MJ, Kelbaek H, Spaulding C, 

Menichelli M, Vermeersch P, Dirksen MT, Cervinka P, Petronio AS, 

Nordmann AJ, Diem P, Meier B, Zwahlen M, Reichenbach S, 

Trelle S, Windecker S, Jüni P. Outcomes associated with drug-elut-

ing and bare-metal stents: a collaborative network meta-analysis. 

Lancet. 2007;370:937-48.

 3. McFadden EP, Stabile E, Regar E, Cheneau E, Ong AT, 

Kinnaird T, Suddath WO, Weissman NJ, Torguson R, Kent KM, 

Pichard AD, Satler LF, Waksman R, Serruys PW. Late thrombosis 

in drug-eluting coronary stents after discontinuation of antiplatelet 

therapy. Lancet. 2004;364:1519-21.

 4. Kimura T, Morimoto T, Nakagawa Y, Kawai K, Miyazaki S, 

Muramatsu T, Shiode N, Namura M, Sone T, Oshima S, 

Nishikawa H, Hiasa Y, Hayashi Y, Nobuyoshi M, Mitudo K; 

j-Cypher Registry Investigators. Very late stent thrombosis and late 

target lesion revascularization after sirolimus-eluting stent implan-

tation: five-year outcome of the j-Cypher Registry. Circulation. 

2012;125:584-91.

 5. Wenaweser P, Daemen J, Zwahlen M, van Domburg R, Jüni P, 

Vaina S, Hellige G, Tsuchida K, Morger C, Boersma E, Kukreja N, 

Meier B, Serruys PW, Windecker S. Incidence and correlates of 

drug-eluting stent thrombosis in routine clinical practice. 4-year 

results from a large 2-institutional cohort study. J Am Coll Cardiol. 

2008;52:1134-40.

 6. Finn AV, Nakazawa G, Joner M, Kolodgie FD, Mont EK, 

Gold HK, Virmani R. Vascular responses to drug eluting stents: 

importance of delayed healing. Arterioscler Thromb Vasc Biol. 

2007;27:1500-10.

 7. Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, 

Kutys R, Skorija K, Gold HK, Virmani R. Pathology of drug-elut-

ing stents in humans: delayed healing and late thrombotic risk. J Am 

Coll Cardiol. 2006;48:193-202.

 8. 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.

 9. Nakazawa G, Finn AV, Vorpahl M, Ladich E, Kutys R, 

Balazs I, Kolodgie FD, Virmani R. Incidence and predictors of 

drug-eluting stent fracture in human coronary artery a pathologic 

analysis. J Am Coll Cardiol. 2009;54:1924-31.

 10. Nakazawa G, Otsuka F, Nakano M, Vorpahl M, Yazdani SK, 

Ladich E, Kolodgie FD, Finn AV, Virmani R. The pathology of 



39

Endothelial function and arterial healing

A
siaIn

te
rve

n
tio

n
 2

0
1

5
;1

:3
3

-4
0

neoatherosclerosis in human coronary implants bare-metal and 

drug-eluting stents. J Am Coll Cardiol. 2011;57:1314-22.

 11. Farb A, Heller PF, Shroff S, Cheng L, Kolodgie FD, Carter AJ, 

Scott DS, Froehlich J, Virmani R. Pathological analysis of local 

delivery of paclitaxel via a polymer-coated stent. Circulation. 

2001;104:473-9.

 12. Heldman AW, Cheng L, Jenkins GM, Heller PF, Kim DW, 

Ware M Jr, Nater C, Hruban RH, Rezai B, Abella BS, Bunge KE, 

Kinsella JL, Sollott SJ, Lakatta EG, Brinker JA, Hunter WL, 

Froehlich JP. Paclitaxel stent coating inhibits neointimal hyperplasia 

at 4 weeks in a porcine model of coronary restenosis. Circulation. 

2001;103:2289-95.

 13. Virmani R, Guagliumi G, Farb A, Musumeci G, Grieco N, 

Motta T, Mihalcsik L, Tespili M, Valsecchi O, Kolodgie FD. Localized 

hypersensitivity and late coronary thrombosis secondary to a sirolimus-

eluting stent: should we be cautious? Circulation. 2004;109:701-5.

 14. 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.

 15. Tada T, Byrne RA, Simunovic I, King LA, Cassese S, 

Joner M, Fusaro M, Schneider S, Schulz S, Ibrahim T, Ott I, 

Massberg S, Laugwitz KL, Kastrati A. Risk of stent thrombosis 

among bare-metal stents, first-generation drug-eluting stents, and 

second-generation drug-eluting stents: results from a registry of 

18,334 patients. JACC Cardiovasc Interv. 2013;6:1267-74.

 16. Gada H, Kirtane AJ, Newman W, Sanz M, Hermiller JB, 

Mahaffey KW, Cutlip DE, Sudhir K, Hou L, Koo K, Stone GW. 

5-year results of a randomized comparison of XIENCE V everoli-

mus-eluting and TAXUS paclitaxel-eluting stents: final results 

from the SPIRIT III trial (clinical evaluation of the XIENCE V 

everolimus eluting coronary stent system in the treatment of 

patients with de novo native coronary artery lesions). JACC 

Cardiovasc Interv. 2013;6:1263-6.

 17. Hamilos M, Ribichini F, Ostojic MC, Ferrero V, Orlic D, 

Vassanelli C, Karanovic N, Sarno G, Cuisset T, Vardas PE, Wijns W. 

Coronary vasomotion one year after drug-eluting stent implanta-

tion: comparison of everolimus-eluting and paclitaxel-eluting coro-

nary stents. J Cardiovasc Transl Res. 2014;7:406-12.

 18. Dai K, Ishihara M, Inoue I, Kawagoe T, Shimatani Y, 

Miura F, Nakama Y, Otani T, Ooi K, Ikenaga H, Nakamura M, 

Miki T, Kishimoto S, Sumimoto Y. Coronary angioscopic findings 

9 months after everolimus-eluting stent implantation compared 

with sirolimus-eluting stents. J Cardiol. 2013;61:22-30.

 19. Mitsutake Y, Ueno T, Yokoyama S, Sasaki K, Sugi Y, 

Toyama Y, Koiwaya H, Ohtsuka M, Nakayoshi T, Itaya N, Chibana H, 

Kakuma T, Imaizumi T. Coronary endothelial dysfunction distal 

to stent of first-generation drug-eluting stents. JACC Cardiovasc 

Interv. 2012;5:966-73.

 20. Egashira K, Hirooka Y, Kai H, Sugimachi M, Suzuki S, 

Inou T, Takeshita A. Reduction in serum cholesterol with pravas-

tatin improves endothelium-dependent coronary vasomotion in 

patients with hypercholesterolemia. Circulation. 1994;89:2519-24.

 21. Mancini GB, Henry GC, Macaya C, O’Neill BJ, Pucillo AL, 

Carere RG, Wargovich TJ, Mudra H, Lüscher TF, Klibaner MI, 

Haber HE, Uprichard AC, Pepine CJ, Pitt B. Angiotensin-converting 

enzyme inhibition with quinapril improves endothelial vasomotor 

dysfunction in patients with coronary artery disease. The TREND 

(Trial on Reversing ENdothelial Dysfunction) Study. Circulation. 

1996;94:258-65.

 22. Naya M, Tsukamoto T, Morita K, Katoh C, Furumoto T, Fujii S, 

Tamaki N, Tsutsui H. Olmesartan, but not amlodipine, improves 

endothelium-dependent coronary dilation in hypertensive patients. 

J Am Coll Cardiol. 2007;50:1144-9.

 23. Sakai S, Mizuno K, Yokoyama S, Tanabe J, Shinada T, 

Seimiya K, Takano M, Ohba T, Tomimura M, Uemura R, Imaizumi T. 

Morphologic changes in infarct-related plaque after coronary stent 

placement: a serial angioscopy study. J Am Coll Cardiol. 2003;42: 

1558-65.

 24. Kotani J, Awata M, Nanto S, Uematsu M, Oshima F, 

Minamiguchi H, Mintz GS, Nagata S. Incomplete neointimal cov-

erage of sirolimus-eluting stents: angioscopic findings. J Am Coll 

Cardiol. 2006;47:2108-11.

 25. Awata M, Kotani J, Uematsu M, Morozumi T, Watanabe T, 

Onishi T, Iida O, Sera F, Nanto S, Hori M, Nagata S. Serial angio-

scopic evidence of incomplete neointimal coverage after sirolimus-

eluting stent implantation: comparison with bare-metal stents. 

Circulation. 2007;116:910-6.

 26. Awata M, Nanto S, Uematsu M, Morozumi T, Watanabe T, 

Onishi T, Iida O, Sera F, Minamiguchi H, Kotani J, Nagata S. 

Heterogeneous arterial healing in patients following paclitaxel-

eluting stent implantation: comparison with sirolimus-eluting 

stents. JACC Cardiovasc Interv. 2009;2:453-8.

 27. Schächinger V, Britten MB, Zeiher AM. Prognostic impact of 

coronary vasodilator dysfunction on adverse long-term outcome of 

coronary heart disease. Circulation. 2000;101:1899-906.

 28. Ueda Y, Ohtani T, Shimizu M, Hirayama A, Kodama K. 

Assessment of plaque vulnerability by angioscopic classification of 

plaque color. Am Heart J. 2004;148:333-5.

 29. Kubo T, Imanishi T, Takarada S, Kuroi A, Ueno S, Yamano T, 

Tanimoto T, Matsuo Y, Masho T, Kitabata H, Tanaka A, Nakamura N, 

Mizukoshi M, Tomobuchi Y, Akasaka T. Implication of plaque 

color classification for assessing plaque vulnerability: a coronary 

angioscopy and optical coherence tomography investigation. JACC 

Cardiovasc Interv. 2008;1:74-80.

 30. Ueda Y, Asakura M, Yamaguchi O, Hirayama A, Hori M, 

Kodama K. The healing process of infarct-related plaques. Insights 

from 18 months of serial angioscopic follow-up. J Am Coll Cardiol. 

2001;38:1916-22.

 31. Ikenaga H, Ishihara M, Dai K, Nakama Y, Ohtani T. 

Mechanisms of very late stent thrombosis after drug-eluting stent 

implantation: findings from coronary angioscopy and optical 

coherence tomography. JACC Cardiovasc Imaging. 2011;4: 

1217-9.

 32. Hofma SH, van der Giessen WJ, van Dalen BM, Lemos PA, 

McFadden EP, Sianos G, Ligthart JM, van Essen D, de Feyter PJ, 



40

A
siaIn

te
rve

n
tio

n
 2

0
1

5
;1

:3
3

-4
0

Serruys PW. Indication of long-term endothelial dysfunction after 

sirolimus-eluting stent implantation. Eur Heart J. 2006;27:166-70.

 33. Shin DI, Kim PJ, Seung KB, Kim DB, Kim MJ, Chang K, 

Lim SM, Jeon DS, Chung WS, Baek SH, Lee MY. Drug-eluting 

stent implantation could be associated with long-term coronary 

endothelial dysfunction. Int Heart J. 2007;48:553-67.

 34. Kim JW, Suh SY, Choi CU, Na JO, Kim EJ, Rha SW, Park CG, 

Seo HS, Oh DJ. Six-month comparison of coronary endothelial 

dysfunction associated with sirolimus-eluting stent versus 

Paclitaxel-eluting stent. JACC Cardiovasc Interv. 2008;1:65-71.

 35. Sahler LG, Davis D, Saad WE, Patel NC, Lee DE, 

Waldman DL. Comparison of vasa vasorum after intravascular 

stent placement with sirolimus drug-eluting and bare metal stents. 

J Med Imaging Radiat Oncol. 2008;52:570-5.

 36. Pendyala LK, Li J, Shinke T, Geva S, Yin X, Chen JP, 

King SB 3rd, Robinson KA, Chronos NA, Hou D. Endothelium-

dependent vasomotor dysfunction in pig coronary arteries with 

Paclitaxel-eluting stents is associated with inflammation and oxida-

tive stress. JACC Cardiovasc Interv. 2009;2:253-62.

 37. Ikeda H, Koga Y, Oda T, Kuwano K, Nakayama H, Ueno T, 

Toshima H, Michael LH, Entman ML. Free oxygen radicals con-

tribute to platelet aggregation and cyclic flow variations in stenosed 

and endothelium-injured canine coronary arteries. J Am Coll 

Cardiol. 1994;24:1749-56.

 38. Eguchi H, Ikeda H, Murohara T, Yasukawa H, Haramaki N, 

Sakisaka S, Imaizumi T. Endothelial injuries of coronary arteries 

distal to thrombotic sites: role of adhesive interaction between 

endothelial P-selectin and leukocyte sialyl LewisX. Circ Res. 

1999;84:525-35.

 39. 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.

 40. 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.

 41. Kolandaivelu K, 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.

 42. Bauters C, Lablanche JM, Renaud N, McFadden EP, 

Hamon M, Bertrand ME. Morphological changes after percutane-

ous transluminal coronary angioplasty of unstable plaques. 

Insights from serial angioscopic follow-up. Eur Heart J. 1996;17: 

1554-9.

 43. Otsuka F, Vorpahl M, Nakano M, Foerst J, Newell JB, 

Sakakura K, Kutys R, Ladich E, Finn AV, Kolodgie FD, Virmani R. 

Pathology of second-generation everolimus-eluting stents versus 

first-generation sirolimus- and paclitaxel-eluting stents in humans. 

Circulation. 2014;129:211-23.


