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Abstract
Aims: To compare the degree of endothelial dysfunction (ED) in patients treated with everolimus-eluting 

stent (EES) versus bare metal stent (BMS) implantation.

Methods and results: This is an observational study. A total of 30 elective patients (15 treated with EES 

and 15 with BMS) were recruited. All patients underwent coronary angiography and intracoronary acetyl-

choline (Ach) test at different doses at six months after stent implantation. Quantitative coronary angiog-

raphy analysis was performed to evaluate the changes in mean luminal diameter (MLD) of the segments 

distal to the distal stent edge after increasing doses of Ach. Both EES and BMS groups had similar base-

line characteristics except for stent length (18.6±2.5 vs. 16.5±2.5 mm; p=0.033) and diameter (3.1±0.2 vs. 

3.4±0.3 mm; p=0.007). The vasomotion test showed that EES had 3.14% of MLD decrease after Ach infu-

sion and BMS had 2.35% of vasoconstriction (p=0.62). After adjustment for baseline characteristics, no 

statistical difference was observed between groups.

Conclusions: In our study EES implantation was associated with a low degree of ED and had a similar 

vasomotion response as compared to BMS. Prospective randomised investigations are warranted to confirm 

these findings.

KEYWORDS

• acetylcholine test

• drug-eluting stent

• endothelial 

dysfunction

SUBMITTED ON 11/02/2014 - REVISION RECEIVED ON 1st 22/04/2014 / 2 nd 27/05/2014 - ACCEPTED ON 05/06/2014



644

E
u
ro

In
te

rve
n
tio

n
 2

0
1

5
;1

1
:6

4
3

-6
4

9

Introduction
Endothelial dysfunction (ED) has been classically described as the 

early stage of atherosclerosis. Moreover, in patients treated with 

stent implantation, ED has been associated with a higher risk of 

neoatherosclerosis and stent thrombosis1. Despite a proven reduc-

tion of restenosis, first-generation drug-eluting stents (DES)2,3 have 

shown higher rates of stent thrombosis when compared with bare 

metal stents (BMS). One of the possible causes of the higher rate 

of stent thrombosis associated with first-generation DES may be 

the greater vasomotion dysfunction associated with these devices 

when compared to BMS4-7.

The aims of second-generation DES are to improve the biocom-

patibility of the polymer and to control the drug release better, 

thereby reducing the risk of stent thrombosis8. In fact, several sec-

ond-generation DES, such as the zotarolimus-eluting stent (ZES) 

and the biolimus-eluting stent (BES), have been associated with 

low degrees of ED9,10. However, the degree of ED associated with 

the everolimus-eluting stent (EES), a second-generation DES with 

a low rate of stent thrombosis8, has not yet been evaluated. The 

aim of the present study was to evaluate the degree of ED caused 

by a second-generation EES as compared to a BMS.

Methods
POPULATION

From January 2012 to February 2013 all consecutive patients with 

successful implantation of an EES (XIENCE V; Abbott Vascular, 

Santa Clara, CA, USA) or a BMS with the same platform as the 

EES (MULTI-LINK VISION; Abbott Vascular) in the proximal or 

mid coronary segments were screened to participate in the study. 

The decision to treat with EES or BMS was left to the operator’s 

discretion. Among the 52 patients screened, 30 patients fulfilled the 

inclusion criteria and accepted to participate (15 in the EES group 

and 15 in the BMS group). All patients were visited at the outpatient 

clinic and asked to undergo an angiographic follow-up with an ace-

tylcholine (Ach) vasomotion test according to the protocol.

Patients were eligible when >18 years and if they had under-

gone baseline coronary angiography due to silent angina, stable 

angina or unstable angina. The exclusion criteria were age ≥75 

years, severe hypertension, stent restenosis, previous myocardial 

infarction related to the treated vessel, insulin-dependent diabetes 

mellitus, history of coronary spasm, ejection fraction ≤30%, previ-

ous bypass graft surgery, reference vessel diameter <2.75 mm and 

>4.0 mm, and stents >23 mm in length. All patients provided writ-

ten informed consent and the protocol was approved by the ethics 

committee of our institution.

ACETYLCHOLINE VASOMOTION TEST

Coronary angiography was performed six months after stent implan-

tation. All vasomotor drugs, such as beta-blockers, calcium-channel 

blockers, nitrates, angiotensin-converting enzyme inhibitors and 

angiotensin-II receptor blockers were discontinued 48 hours before 

the procedure. Endothelial vasomotion was estimated by measuring 

the coronary artery reactivity in response to a local Ach infusion. 

Since Ach causes endothelium-dependent vessel relaxation in stand-

ard conditions, a paradoxical vasoconstriction after the infusion of 

this substance is an indicator of ED11 (Figure 1).

Figure 1. Examples of acetylcholine infusion test. A) Basal angiography of patient with endothelial dysfunction. B) Severe vasoconstriction 
after acetylcholine infusion. C) Vasodilation after nitroglycerine infusion. D) Basal angiography of a patient without endothelial dysfunction. 
E) Mild vasodilation after acetylcholine infusion. F) Vasodilation after nitroglycerine infusion.
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A 1.8 Fr microcatheter (FineCross™; Terumo Corporation, Tokyo, 

Japan) was advanced over a guidewire (0.014 inch) and placed in the 

mid portion of the stent. To determine baseline vasomotor response, 

physiologic saline was infused for 2 min through the microcatheter, 

and an angiogram was recorded. To assess endothelium-dependent 

coronary vasomotor response, the saline infusion was replaced by 

intracoronary infusion of incremental doses of Ach, with estimated 

intracoronary final concentrations of 10–8 mol/L to 10–6 mol/L. The 

duration of each infusion was 2.5 min. All infusions were deliv-

ered at a rate of 2 ml/min using a precision pump injector (Harvard 

Apparatus, Holliston, MA, USA). The final blood concentrations 

of Ach were estimated with the assumption that blood flow in the 

coronary artery was 80 ml/min12. Finally, to evaluate endothelium-

independent vasomotor response, a nitroglycerine bolus (200 µg) 

was administered through the guiding catheter. Throughout the pro-

cedures, heart rate, systemic arterial pressure and ECG were con-

tinuously monitored.

At the end of each dose of Ach and after nitroglycerine bolus 

administration, an angiography was performed.

QUANTITATIVE CORONARY ANGIOGRAPHY

Quantitative coronary angiography (QCA) was performed from 

two orthogonal views that best showed the artery of interest, with-

out overlapping side branches and with less foreshortening using 

the coronary angiography analysis software (CAAS) version 5.9 

(Pie Medical Imaging, Maastricht, The Netherlands). Calibration 

of the system was based on dimensions of the guiding catheter. 

Measurements were performed by two blinded observers with an 

excellent agreement between both (consistency ICC 0.926, 95% 

CI: 0.901-0.957). Mean luminal diameter (MLD) of the segments 

distal to the stent was averaged for the two projections. The same 

segments were identified by anatomical landmarks and assessed 

after saline infusion, after each dose of Ach and after nitroglyc-

erine (NTG) bolus. Changes in coronary diameter in response 

to Ach and nitrate coronary infusion were expressed as percent 

changes of MLD versus baseline angiograms.

ED was defined as a vasoconstriction of the distal segment of 

the stent at maximal dose of Ach beyond the variability of the 

method of analysis (4%), as previously described13.

Statistical analysis
Continuous normally distributed variables were presented as 

mean±SD, and non-normally distributed variables were presented 

as median and interquartile range. Categorical variables were pre-

sented as counts and percentages. For baseline characteristics, 

continuous variables were compared by Student’s t-test when 

variables were normally distributed and by Mann-Whitney U test 

when variables were non-normally distributed. Categorical vari-

ables were compared by chi-square test. To minimise the potential 

influence of differences in baseline characteristics, changes in cor-

onary diameters in response to drug infusions among groups were 

compared with a general linear model taking into account stent 

length, stent diameter and late loss as covariates. These covariates 

Table 1. Baseline characteristics.

EES group 

(n=15)

BMS group 

(n=15)
p-value

Age (years) mean±SD 65±9 61±9 0.250

Male gender, n (%) 11 (73%) 12 (80%) 0.679

Body mass index (kg/m2) 
mean±SD

28.5±3.5 28.8±4.0 0.855

Risk factors

Hypertension, n (%) 11 (73%) 13 (87%) 0.326

Active smoking, n (%) 2 (13%) 3 (20%) 0.624

Non-insulin DM, n (%) 3 (20%) 1 (7%) 0.283

Dyslipidaemia, n (%) 10 (67%) 11 (73%) 0.690

Cardiovascular history

EF (%) mean±SD 66.7±6.2 62.9±6.0 0.091

Previous PCI, n (%) 2 (13%) 4 (27%) 0.361

Number of diseased vessels, n (%) 0.501

One 12 (80%) 11 (73%)

Two 3 (20%) 4 (27%)

Three 0 (0%) 0 (0%)

Indication of stent implantation

ACS, n (%) 6 (40%) 6 (40%) 1

Stable angina, n (%) 9 (60%) 9 (60%) 1

Medications at 6 months

Aspirin, n (%) 15 (100%) 14 (93%) ~1

Clopidogrel, n (%) 15 (100%) 6 (40%) 0.002

Beta-blockers, n (%) 13 (87%) 14 (93%) 0.543

ACEI, n (%) 8 (53%) 11 (73%) 0.256

Statins, n (%) 12 (80%) 12 (80%) 1

ACEI: angiotensin-converting enzyme inhibitors; ACS: acute coronary 
syndrome; BMS: bare metal stent; DM: diabetes mellitus; 
EES: everolimus-eluting stent; PCI: percutaneous coronary intervention

were included in the model because we found significant differ-

ences between groups that could have altered the final results. 

Stent length and late loss have been used as covariates in previ-

ous trials similar to the present study9. Statistical significance was 

accepted at a p-value of <0.05. SPSS version 18.0 (SPSS Inc., 

Chicago, IL, USA) was used for all analyses.

Results
POPULATION AND BASELINE CHARACTERISTICS

A total of 30 patients underwent angiographic follow-up with an 

Ach vasomotion test (15 patients in the EES group and 15 patients 

in the BMS group). No major adverse cardiac events occurred dur-

ing the follow-up period, including death, myocardial infarction, 

and target lesion revascularisation. There were no patients with 

angiographic in-stent restenosis. Follow-up coronary angiography 

was performed in all patients without any procedural complication.

Table 1 summarises the baseline clinical characteristics of the 

patients. No significant differences were found between groups. 

At six-month follow-up, there were no differences of medica-

tion among the groups except for clopidogrel, which was more 
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frequently discontinued in the BMS group. Table 2 summarises 

the procedural characteristics. The EES group was treated with 

longer length and smaller diameter stents than the BMS group. 

The EES were more frequently post-dilated and used for the treat-

ment of bifurcation lesions compared to BMS.

Table 2. Angiographic and lesion characteristics.

EES group 

(n=15)

BMS group 

(n=15)
p-value

Stent length (mm) mean±SD 18.6±2.5 16.5±2.5 0.033

Stent diameter (mm) mean±SD 3.1±0.2 3.4±0.3 0.007

Stent deployment pressure (mmHg) mean±SD 16.6±1.7 16.4±2.3 0.789

Predilation, n (%) 12 (80%) 7 (47%) 0.058

Post-dilation, n (%) 4 (27%) 0 (0%) 0.032

Bifurcation, n (%) 5 (33%) 0 (0%) 0.014

Lesion length (mm) mean±SD 15.2±3 11.2±2.9 0.001

Vessel, n (%) 0.256

Left anterior descending artery 12 (80%) 8 (53%)

Left circumflex artery 0 (0%) 0 (0%)

Right coronary artery 3 (20%) 7 (47%)

BMS: bare metal stent; EES: everolimus-eluting stent

ANGIOGRAPHIC RESULTS

No changes were observed in mean aortic pressure and heart rate 

during the Ach infusion. QCA measurements showed a lower 

late lumen loss in the EES group compared to the BMS group 

(0.21±0.20 mm vs. 0.66±0.30 mm, p=0.001). No differences in 

baseline MLD of the distal segment of stents were seen. Although 

there were no significant differences between groups in any Ach 

dose, at the highest dose the EES group presented a non-signifi-

cant trend towards greater vasoconstriction than the BMS group 

(–3.14±14.40 vs. –2.35±17.10, p=0.620). Results of the vaso-

motion test are summarised in Table 3. ED was observed in six 

(40%) patients of the EES group and five (33%) patients in the 

BMS group (p=0.705) (Figure 2). The magnitude of the esti-

mated differences in vasomotor changes was mildly strengthened 

after adjustment for stent length, stent diameter and late lumen 

loss (Figure 3); however, the differences between EES and BMS 

remained non-statistically significant. There was no difference in 

the response to NTG infusion between groups.

Discussion
The results of the present study showed that endothelial vasomo-

tor reactivity after EES implantation was not significantly impaired 

compared to BMS. To the best of our knowledge, this is the first 

trial analysing endothelial vasoreactivity after EES implantation and 

the first to find no differences in endothelial vasomotor activity after 

a second-generation DES implantation compared to a BMS.

Comparing our study with other similar experiences, it is impor-

tant to remark that the trial of Kim et al9, analysing ED of SES, 

ZES and BMS, used a higher dose of Ach. This fact may partially 

explain the important differences in vasoconstriction between this 

Table 3. Vasoreactivity analysis.

EES group 

(n=15)

BMS group 

(n=15)
p-value

Baseline MLD (mm) 
mean±SD

1.98±0.40 1.99±0.40 0.980

Diameter change to Ach 10–8 mol/L %

Crude* 1.10±2.39 0.20±1.39 0.780

Adjusted¶ 0.21±2.30 0.88±2.30 0.860

Diameter change to Ach 10–7 mol/L %

Crude* 0.43±2.70 0.97±3.10 0.850

Adjusted¶ –4.1±3.20 3.5±3.20 0.162

Diameter change to Ach 10–6 mol/L %

Crude* –3.14±3.71 –2.35±4.40 0.620

Adjusted¶ –5.26±5.02 –0.24±5.01 0.539

Diameter change to NTG %

Crude* 12.34±0.63 13.76±0.72 0.892

Adjusted¶ 16.03±4.10 10.08±4.10 0.382

*mean±SEM; ¶mean±SEM, adjusted for differences among EES and 
BMS groups according to stent length, stent diameter and late loss. 
BMS: bare metal stent; EES: everolimus-eluting stent; 
NTG: nitroglycerine

everolimus-eluting stent bare metal stent
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Figure 2. Distribution of mean luminal diameter changes in patients 
with EES and BMS. Scatter plots showing the distribution of percent 
mean luminal diameter changes from baseline to maximal dose of 
acetylcholine with everolimus-eluting stent (EES) and bare metal 
stent (BMS) in distal segments. Six patients of the EES group and five 
patients of the BMS group are diagnosed with endothelial dysfunction, 
as a reduction in mean luminal diameter of over 4% is observed.

study and ours. Nevertheless, the Ach doses used in the present 

experience have been used in previous published studies13-15 and the 

capacity of these doses to generate a paradoxical response to Ach 

infusion has been documented. Therefore, although ED could be 

less magnified in the present experience, the dose of Ach seems to 

be enough to bring out significant endothelial function impairments.
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On the other hand, the investigations of Fuke et al6 and 

Mitsukake et al16 evidenced a severe degree of ED six months 

after SES implantation, with the same estimated concentration of 

Ach in the coronary artery as used in the present study.

Further studies analysed ED after SES and BES implantation10,17 

with other vasomotor reactivity tests, such as rapid auricular pacing 

or exercise. These trials also evidenced a severe degree of ED in 

first-generation DES compared to BMS or newer ones; however, the 

comparison of these experiences with ours is at least questionable.

ED was first reported after BMS implantation18 and initially 

associated with mechanical injury of the vessel; however, multiple 

trials demonstrated a severe ED after first-generation sirolimus-

eluting stent (SES) implantation4,5. More recently published stud-

ies showed that second-generation ZES and BES displayed ED to 

a much lesser degree9,10.

As a significantly greater degree of ED was described after DES 

implantation, the idea that other causes, such as direct drug action or 

effects of the polymer, may play an important role was introduced19.

The pathophysiology of the ED is still under discussion, but all 

studies to date point towards less ED and faster endothelial struc-

tural recovery with the newer DES, because of the lipophilicity of 

newer drugs with a more localised effect and a better biocompat-

ibility of the polymers19. Although the reasons for this observation 

have not been fully elucidated, ED seems to be related to in-stent 

reendothelialisation9, as some optical coherence tomography stud-

ies have pointed out, showing that increased strut coverage was 

associated with a lesser degree of ED20.

In fact, EES have demonstrated no differences in tissue cover-

age compared to ZES in in vivo studies, but a better endotheli-

alisation than ZES and SES in animal-based studies21. These data 

support the results of our study, where EES showed the lowest 

degree of ED ever published.

A novel concept, recently described, with important implications 

that could be strongly related to ED and its clinical impact is neo-

atherosclerosis. Neoatherosclerosis is the development of atheroscle-

rotic changes within the neointima1 and has been identified as one of 

the possible causes of very late stent thrombosis. In epidemiologic 

studies its incidence was significantly greater in DES as compared to 

BMS22. Although processes responsible for the development of neo-

atherosclerosis after stent implantation are multifactorial, it is largely 

accepted that an impaired endothelial function promotes this patho-

genic process23. In this setting, it seems that newer stents such as EES, 

with a demonstrated better preservation of endothelial function, may 

cause neoatherosclerosis to a lesser degree, permitting a significant 

reduction of very late stent thrombosis rates.

Finally, it is important to point out that some evidence exists 

that clopidogrel may improve endothelial function24. In our 

study, all patients in the EES group were treated with clopi-

dogrel when the Ach test was performed, while only 40% of 

BMS group patients were under clopidogrel treatment. This 

difference between groups could have had some impact on the 

results, underestimating endothelial dysfunction in the EES 

group. However, it should be noted that, in the BMS group, 

we did not find any differences in the Ach test results between 

patients with and without clopidogrel. This fact suggests that the 

action of clopidogrel over ED does not seem to be great enough 

to alter the present results significantly.

Study limitations
First, the present study has obvious limitations due to its non-ran-

domised design and the small sample size, thus limiting the statis-

tical power of the study results. Patients were treated with either 

EES or BMS according to the operator’s discretion. Therefore, all 

comparisons between both devices have to be read with caution 
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Figure 3. Comparing vasoreactivity between everolimus-eluting stent (EES) and bare metal stent (BMS) implantation. A) Adjusted mean 
luminal diameter changes distal to the stent. B) Crude mean luminal diameter changes distal to the stent. Adjusted and crude data do not show 
significant differences of vasoreactivity in response to different doses of acetylcholine and nitroglycerine between EES and BMS groups. BMS: 
bare metal stent; EES: everolimus-eluting stent; M4: intracoronary acetylcholine concentration of 10–8 mol/L; M5: intracoronary 
acetylcholine concentration of 10–7 mol/L; M6: intracoronary acetylcholine concentration of 10–6 mol/L.
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and are only hypothesis-generating. Second, endothelial function 

was exclusively analysed in distal segments; however, it is well 

known that ED is more frequently observed distally to the stent 

segment. In our series, all patients had most of the lesions located 

in the proximal segments of the epicardial coronary vessels. Third, 

diabetes mellitus has been associated with a higher rate of ED. In 

our series, a total of four were diabetics. However, there were no 

significant differences between both groups, and insulin-depend-

ent patients were excluded per protocol, as these patients are those 

who can display ED to a more significant degree25. Fourth, meas-

urements of the study were not performed in an independent core 

lab. However, analyses were performed by two blinded, independ-

ent observers with an excellent interobserver correlation, minimis-

ing possible bias due to this cause. Finally, it is important to point 

out that the relative magnitude of the influence of stent length, 

stent diameter and late loss is uncertain and could be non-linear 

due to the small sample size of the study.

Conclusions
This study provides evidence that EES implantation is associated 

with a low degree of ED and has similar vasomotion response to 

BMS. Prospective randomised investigations are warranted to con-

firm these findings.

Impact on daily practice
Endothelial dysfunction (ED) is an early stage of atherosclerotic 

disease with a not well-known pathophysiology and a com-

plex diagnostic approach. However, it is commonly known that 

ED is associated with some clinical risk factors (infarction of 

related artery, diabetes mellitus, age…). Until now, all studies 

analysing endothelial function related to drug-eluting stents sug-

gested a higher degree of ED in these patients. The results of 

this trial, coming up with a similar degree of ED in patients 

treated with EES compared to those treated with bare metal 

stents, may facilitate, in daily practice, the stent selection in sen-

sitive patients with a high risk of ED.
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