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ABSTRACT
Objective Everolimus drug-eluting stents (EES) are
superior to early-generation drug-eluting stents (DES),
releasing sirolimus (SES) or paclitaxel (PES) in preventing
stent thrombosis (ST). Since an impaired LVEF seems to
increase the risk of ST, we aimed to investigate the
difference in outcome of patients with varying LVEF
using EES versus early-generation DES.
Methods In a prospective cohort study, we compared
the risk of ST in patients in three LVEF subgroups:
normal (LVEF >50%), mildly impaired (LVEF >40% and
≤50%) and moderate–severely impaired (LVEF ≤40%).
Within these various LVEF groups, we compared EES
with SES and PES after adjustment for baseline
differences.
Results We assessed a cohort of 5363 patients, with
follow-up of up to 4 years and available LVEF. Overall
definite ST occurred in 123 (2.3%) patients. ST rates
were higher in the LVEF moderate–severely impaired
group compared with the normal LVEF group (2.8% vs
2.1%; HR 1.82; CI 1.10 to 3.00). Especially early ST
(EST) was more frequent in the moderate–severely
impaired LVEF group (HR 2.20; CI 1.06 to 4.53). Overall
rates of definite ST were lower in patients using EES
compared with patients using SES or PES in all LVEF
groups. Interaction terms were not statistically
significant. ST rates were higher in the moderate–
severely impaired LVEF group compared with the normal
LVEF group when using SES or PES, but not significantly
different when using EES.
Conclusions EES was associated with a lower risk of
definite ST compared with early-generation DES. This
lower risk was independent of LVEF, even though ST
rates were higher in patients with a moderate–severely
impaired LVEF.
Trial registration no MEC-2013-262.

INTRODUCTION
Early-generation drug-eluting stents (DES),
sirolimus-eluting stents (SES) and paclitaxel-eluting
stents (PES) appeared to be very effective at redu-
cing the rates of restenosis and target lesion revascu-
larisation compared with bare metal stents.1–4

However, stent thrombosis (ST), which causes acute
coronary obstruction and could lead to myocardial
infarction (MI) or sudden cardiac death, was found
to be an infrequent but devastating complication of
DES. Multiple randomised trials showed a

comparable incidence of ST in DES compared with
bare metal stents up to 1 year after the percutaneous
coronary intervention (PCI).5–7 However, SToccur-
ring more than 1 year after the index PCI, which is
mainly caused by delayed healing in combination
with other clinical and procedural risk factors of the
stented coronary segment,8–11 appeared as a serious
complication of DES stents. More recently, several
randomised-controlled trials have shown a reduc-
tion in the incidence of ST occurring more than
1 year after the index PCI with newer-generation
DES, releasing everolimus (ie, everolimus-eluting
stents (EES)),12–14 which may have a favourable
effect on cardiac death and incident MI. In these
stents, everolimus, a sirolimus analogue, is released
from a thin coating with more biocompatible poly-
mers and reduced drug dose.
Several studies have identified impaired LV

function as a risk factor for mortality,15–19 MI,15 17

ST17 20 21 and target lesion revascularisation22 in
patients undergoing PCI. It has been suggested that
these patients may benefit from DES,22 especially
since patients with impaired LVEF more frequently
present with an acute coronary syndrome in case of
in-stent restenosis.23 Since newer-generation EES
stents seem to be superior to early-generation DES
in an overall population of patients undergoing
PCI,12–14 it would be useful to provide knowledge
about the long-term safety and benefits of newer-
generation EES in patients with a reduced cardiac
function.
Against this background, we evaluated the long-

term incidence of ST and clinical outcomes after
PCI with DES in relation to LVEF in the Bern part
of the Bern–Rotterdam registry. Second, we studied
the performance of the newer-generation DES
(EES) compared with the early-generation SES and
PES in relation to LV function.

METHODS
Study design, patient population and procedures
For the purpose of this study, we used the Bern
(Bern University Hospital, Bern, Switzerland) part
of the Bern–Rotterdam registry, which has been
described before.12 We only used the Bern part of
the registry since systematic data on the LVEF were
not available in the Rotterdam part of the study
population. The study population we used con-
sisted of 5761 consecutive patients, who underwent
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PCI with PES, SES or EES, between April 2002 and March
2009. Between 16 April 2002 and 31 December 2005, a total
of 2774 consecutive patients underwent coronary intervention
with SES (Cypher, Cordis Corp, Johnson & Johnson, Warren,
New Jersey, USA) and 1365 were treated with PES (TAXUS,
Express, or Liberté, Boston Scientific) in the Swiss centre. The
individual use of both stent types has been described in detail
elsewhere.24 A total of 1622 patients were treated with EES
(XIENCE V, Abbott Vascular, Santa Clara, California, USA; or
PROMUS, Boston Scientific, Natick, Massachusetts, USA),
which has been part of the usual care since 1 November 2006
and implanted on a daily basis alternating with biolimus-eluting
stents and zotarolimus-eluting stents. Patients with EES were
included until 31 March 2009. Patients were excluded from the
registry if more than one stent type was implanted during PCI.
The nature of this study was observational and the procedure,
periprocedural and postprocedural medication regimen, was
performed according to current practice guidelines. The diam-
eter of EES and PES was 2.25–4.0 mm, and the diameter of SES
was 2.25–3.5 mm. The length of all stents started at 8 mm, with
a maximum length of 28 mm of EES, 33 mm of SES and PES
had a maximum length of 32 mm. All patients received a
loading dose of clopidogrel 300–600 mg during or immediately
after PCI and a lifelong prescription of daily aspirin.
Clopidogrel was prescribed for duration of at least 12 months.
Glycoprotein IIb/IIIa antagonists were used at the discretion of
the clinician.

The registry was approved by the local ethics committees and
was conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all patients.

LV function
Baseline LVEF was routinely assessed by LV angiography at the
time of coronary angiography and determined by visual esti-
mate. The visual estimate was performed by two experienced
cardiologists. First by a fellow interventional cardiology, and
this was subsequently verified or overruled by an attending
senior invasive cardiologist. The estimate was based on the
average of the right anterior oblique and left anterior oblique
projection. Cineangiography was usually performed at 15
frames per second during injection of at least 30 mL contrast
agent at a rate of 10 mL per second. Attention was paid to left
ventricular size, overall contractility, any wall motion abnormal-
ities and presence of mitral regurgitation. All senior invasive car-
diologists perform yearly more than 500 coronary
angiographies and the experience of a fellow interventional car-
diology evolves over time. On average, a fellow interventional
cardiology performs more than 800 cases in 1 year.

We divided patients into three different categories: (1) normal
LVEF (>50%), (2) mildly impaired LVEF (>40–≤50%) or
(3) moderate–severely impaired LVEF (≤40%), which corre-
sponds with generally accepted thresholds.15 19 25 LVEF was
available in 5446 (94.5%) patients in the Swiss centre. Further
analysis was performed only on patients with available LVEF.

Study endpoints
In Bern, follow-up lasted until 1 February 2007 in patients with
SES or PES implantation and patients who received EES were
followed up until 1 February 2010. Thus, the follow-up obser-
vation was up to 4 years in these subjects. Survival status was
obtained from hospital records and municipal civil registries.
Patients were actively followed up on adverse cardiac events by
questionnaires that were sent to patients including questions on
rehospitalisation and major adverse cardiac events. Medical

records, discharge letters and coronary angiography documenta-
tion were collected and reviewed in patients with suspected
events.

Primary endpoint: definite ST
Definite ST was the primary endpoint of our study, which was
defined in agreement with the definitions of the Academic
Research Consortium (ARC).26 We further classified the end-
point according to its timing (again in agreement with ARC):
early ST (EST) (0–30 days after stent implantation) and late ST
(LST) (>30 days). An independent clinical event committee
adjudicated all suspect ST events. The committee members were
not informed on the type of stent implanted.

Secondary endpoints
Secondary endpoints comprised adverse clinical events, includ-
ing death from any cause, cardiac death, MI, as well as definite
or probable ST.

Cardiac death was defined as any death from an immediate
cardiac cause, procedure-related death, unwitnessed death and
death with an unknown cause. MI was defined as increased cre-
atine kinase >2 times the upper limit of the normal value and
>3 times the upper limit of the normal value of creatine
kinase-MB in combination with ischaemic changes on ECG. All
suspect clinical events were adjudicated by the cardiologists who
were affiliated with the institutions in which the patients were
treated.

Statistical analysis
Categorical baseline and procedural variables are presented as
counts and percentages, whereas differences between the three
LVEF groups are evaluated by Pearson’s χ2 test or Fisher’s exact
test, as appropriate. Continuous variables are presented as
mean±1 SD, in case of a normal distribution, or as median, first
and third quartiles, in case of a non-normal distribution.
Differences between the LVEF groups were evaluated by apply-
ing analysis of variance, Student t test, Kruskal–Wallis test and
Mann–Whitney U test, as appropriate.

The incidence of the primary and secondary endpoints
during follow-up in relation to LV function was evaluated
according to the Kaplan–Meier method in combination with
log-rank tests and by Cox proportional hazard regression ana-
lysis. Multivariable Cox models were developed to adjust the
relation between LVEF and outcome for potential confounders.
Baseline (clinical and procedural) characteristics that had a statis-
tically significant (p<0.05) relation with the endpoint were
entered into the model. No model reduction strategies were
applied. We report adjusted HRs (aHRs) and their 95% CIs. All
events were only counted once.

Subsequently, we studied the relation between DES types and
the study endpoints in relation to LV function. For this purpose,
we used a method that our research group applied previously.12

We estimated propensity scores for receiving EES using a logit
model that included age, sex and pretreatment variables asso-
ciated with stent selection at p<0.10: family history of coronary
artery disease, acute coronary syndrome, cardiogenic shock and
body mass index. Propensity scores were used to derive the
inverse probability of treatment weights, with the inverse of the
propensity score as analytic weights in EES patients and the
inverse of 1 minus the propensity score in early-generation DES
patients. Comparisons between DES types were performed with
the Cox model. Adjusted HRs were calculated with the inverse
probability of treatment weights as analytical weighing factors.
All Cox proportional hazard assumptions were visualised using
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the graph of the log (−log(survival)) versus log of survival time
graph and tested with Schoenfeld residuals. Interaction terms
between LVEF and DES type were added to evaluate homogen-
eity of the effect of DES type on the study endpoints in relation
to LV function.

RESULTS
A total of 5761 consecutive patients underwent PCI with PES
(1365), SES (2774) or EES (1622) between 16 April 2002 and
31 March 2009. All analyses were performed on 5363 patients
with PES (1298), SES (2599) or EES (1466) because LVEF was
unavailable in 315 patients and 83 patients were lost to
follow-up. Median follow-up was 2.4 years (IQR 1.9–3.0 years)
in patients treated with EES, 3.6 years (IQR 2.8–4.0 years) in
patients treated with SES and 4.0 years (IQR 3.4–4.0 years) in
patients treated with PES.

Baseline and procedural characteristics
We observed several differences in clinical baseline and proced-
ural characteristics between the three LVEF groups (table 1).
Most notable were the differences in age, hypertension, body
mass index, family history of coronary artery disease, smoking
status, dyslipidemia and renal failure. Patients with a moderate–
severely impaired or mildly impaired LVEF presented more
often with an acute coronary syndrome (74.7% and 74.0%,
respectively) than patients with a normal LVEF (41.1%). Only
patients with an impaired LV function presented with cardio-
genic shock (0.9% in the mildly impaired LVEF group and
5.8% in the moderate–severely impaired LVEF group).

Remarkable were the differences in number of patients under-
going multivessel treatment, stent diameter and length, number
of stents implanted, use of glycoprotein IIb/IIIa and discharge
medication. Normal LVEF patients more frequently had PES or
SES implanted compared with more EES use in moderate–
severely impaired LVEF patients. In the moderate–severely
impaired LVEF group, the culprit vessel was more frequently
the left main or left anterior descending artery, whereas rela-
tively more normal LVEF patients culprit lesions in the left cir-
cumflex or right coronary artery. Baseline and procedural
characteristics of all patients sorted by stent type are presented
in the supplemental table.

Study endpoints in relation to LV function
The study endpoints are presented in table 2. Definite ST
occurred in 123 (2.3%) patients and definite/probable ST
occurred in 331 (6.2%) subjects. No patient had multiple STs.
In general, patients with impaired LV function had a higher inci-
dence of ST. In particular, patients with a moderate–severely
impaired LVEF had a higher incidence of definite ST (aHR
1.82; 95% CI 1.10 to 3.00; p value 0.02) and definite/probable
ST (aHR 1.86; 95% CI 1.30 to 2.66; p value 0.001) than
patients with a normal LVEF. This difference was based on
higher EST rates in moderate–severely impaired LVEF patients
(aHR 2.20; CI 1.06 to 4.53), whereas LST rates did not signifi-
cantly differ (aHR 1.34; CI 0.72 to 2.50).

The incidence of clinical endpoints was also clearly associated
with LV function. Specifically, more patients in the moderate–
severely impaired LVEF group died (aHR 2.09; CI 1.60 to
2.73). A similar difference in clinical outcome was found in the
incidence of cardiac death (aHR 2.58; CI 1.85 to 3.58). The
occurrence of MI between was equal in the various LVEF
groups.

LV function, stent type and study endpoints
Table 3 and figure 1 show the relationship between DES type
and study endpoints. In general, patients who received EES had
a lower incidence of ST than patients receiving PES or SES,
although statistical significance could not be demonstrated for
all endpoints. Differences between EES and PES were most pro-
nounced. These observations were consistent in the three
groups of patients according to LVEF. In particular, patients
treated with EES had a lower incidence of definite ST than
those treated with PES (aHRs 0.15, 0.13 and 0.12 for those
with a normal, mildly impaired and moderate–severely impaired
LVEF, respectively) and a lower incidence of definite/probable
ST (aHRs 0.47, 0.65 and 0.52). Moderate–severely impaired
LVEF patients had significantly higher rates of definite STwhen
using PES (p=0.04) and a trend towards a higher incidence of
ST when using SES (p=0.07), whereas ST rates were similar in
both LVEF groups when using EES (p=0.34) (figure 2).

Most noteworthy concerning the differences in incidence of
clinical endpoints between the DES types is the difference in the
incidence of MI between patients treated with EES and those
treated with PES (aHR 0.50, 0.65 and 0.19). The graph of the
log(−log(survival)) versus log of survival time graph resulted in
parallel curves, and Schoenfeld residuals indicated Cox propor-
tional hazard assumptions were not violated.

None of the LVEF * DES type interaction terms were signifi-
cant in the multivariate analyses that we applied. Thus, we did
not reveal any indication of heterogeneity in the relation
between DES type and the study endpoints according to LV
function.

DISCUSSION
This large observational cohort study with long-term follow-up
of patients undergoing PCI with early-generation DES or newer-
generation EES shows us that (1) impaired LV function was
associated with increased risk of ST; (2) newer-generation EES
was associated with a reduced risk of ST compared with early-
generation DES; (3) the association between relative reduction
of ST and EES was independent of LVEF and (4) EES seemed
especially associated with reduced LST rates in patients with a
normal LVEF, while the lower ST rates in the mildly impaired
and moderate–severely impaired LVEF groups seemed unrelated
to the timing of ST.

Our findings concerning the association between increased
risk of ST and patients with impaired LV function are consistent
with earlier findings.17 20 21 Although the exact cause of the
higher rate of ST in patients with reduced LV function remains
unclear, it has been suggested that a decrease in LVEF is asso-
ciated with impaired blood flow through the stented coronary
artery, increasing the risk of ST.27 In this study, the overall risk
of ST in patients with impaired LVEF was increased by 61%
compared with patients with a normal LVEF and by 13% com-
pared with patients with a mildly impaired LVEF. Interestingly, a
moderate–severely impaired LVEF did not seem to be associated
with LST, but the difference in overall ST rates seems to be due
to the strong association between the increased risk of having
EST and a moderate–severely impaired LVEF compared with
patients with a normal LVEF (a moderate–severely impaired
LVEF was associated with a 120% increased risk of having
EST). Sardi et al found an increase in the risk of STwith a HR
of 2.56 (CI 1.44 to 4.55) when comparing patients with a LVEF
of 25–40% to patients with a normal LVEF during 1-year
follow-up, which is somewhat higher than the increase in the
risk of ST we found in patients with a moderate–severely
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impaired LVEF of ≤40% at 1 year (HR 1.84; CI 1.01 to 3.34),
but CIs are overlapping.17 Van Werkum et al also found consid-
erably higher ST rates in patients with impaired systolic LV func-
tion (HR 2.27; CI 1.43 to 3.60), but they defined impaired
cardiac function as LVEF <30%.21 A LVEF <30% is

substantially lower than a LVEF ≤40%. Since a poorer LVEF
seems to increase the risk of ST, a higher HR in this study is in
line with expectations.

Patients with a moderate–severely impaired LVEF treated with
different kinds of DES also had higher all-cause mortality and

Table 1 Baseline and procedural characteristics

Variable Normal LVEF (n=3106) Mildly impaired LVEF (n=1244)
Moderate–severely
impaired LVEF (n=1013) p Value

Age (years) 63.4±11.2 62.5±12.2 65.6±12.0 <0.0001
Male sex 2343 (75.4) 982 (78.9) 759 (74.9) 0.03
BMI 27.4±4.2 27.3±4.3 26.6±4.2 <0.0001
Hypertension 1897 (61.2) 640 (51.6) 490 (49.0) <0.0001
Family history of CAD 960 (30.9) 323 (26.0) 219 (21.9) <0.0001
Current smoking 1646 (53.1) 666 (53.7) 466 (46.6) 0.0007
Dyslipidemia 1827 (58.9) 609 (49.1) 444 (44.4) <0.0001
Diabetes mellitus 529 (17.1) 203 (16.4) 195 (19.5) 0.12
Renal failure (GFR<60 mL/min) 291 (12.1) 107 (12.0) 180 (21.8) <0.0001
Acute coronary syndrome 1276 (41.1) 921 (74.0) 757 (74.7) <0.0001
Unstable angina 222 (17.4) 55 (6.0) 27 (3.6)
Non-ST-segment-Elevation MI 686 (53.8) 343 (37.2) 267 (35.3)
ST-segment-elevation MI 368 (28.8) 523 (56.8) 463 (61.1)

Cardiogenic shock 0 11 (0.9) 59 (5.8) <0.0001
Paclitaxel-eluting stent 804 (25.9) 300 (24.1) 194 (19.2) <0.0001
Sirolimus-eluting stent 1566 (50.4) 584 (46.9) 449 (44.3) 0.002
Everolimus-eluting stent 736 (23.7) 360 (28.9) 370 (36.5) <0.0001
Multivessel treatment 609 (19.7) 177 (14.3) 181 (17.9) 0.0001
Lesions treated per patient 1.6±0.8 1.5±0.8 1.6±0.9 0.23
Culprit left main coronary artery 59 (1.8) 22 (1.8) 62 (6.1) <0.0001
Arterial bypass graft 8 (0.3) 2 (0.2) 3 (0.3) 0.78
Saphenous vein graft 80 (2.6) 33 (2.7) 44 (4.3) 0.01
Multistent treatment 1492 (48.0) 632 (50.8) 549 (54.2) 0.03
Average stent diameter 2.9±0.6 2.9±0.4 3.0±0.4 0.004
Total stent length per patient 28.6±18.0 30.8±18.1 32.2±18.8 <0.0001
Glycoprotein IIb/IIIa antagonist 441 (14.2) 390 (31.4) 353 (34.8) <0.0001
Aspirin at discharge 3176 (99.1) 1225 (98.5) 963 (95.1) <0.0001
Clopidogrel at discharge 3098 (99.7) 1227 (98.6) 963 (95.1) <0.0001
Oral anticoagulation at discharge 37 (1.2) 18 (1.5) 38 (3.8) <0.0001

Categorical variables are expressed as count (percentage). Valid percentages may vary for some counts because of missing values. Continuous variables are expressed as mean±SD
when appropriate.
BMI, body mass index; CAD, coronary artery disease; GFR, glomerular filtration rate; MI, myocardial infarction.

Table 2 Clinical outcomes

Variable
Normal LVEF
(n=3106)

Mildly impaired
LVEF (n=1244)

Moderate–severely
impaired VEF (n=1013)

Adjusted HR

Mildly impaired
vs normal p Value

Moderate–severely
impaired vs normal p Value

Definite ST 64 (2.1) 31 (2.5) 28 (2.8) 1.22 (0.75–1.99) 0.42 1.82 (1.10–3.00) 0.02
Early 18 (0.6) 10 (0.8) 14 (1.4) 1.24 (0.56–2.73) 0.60 2.20 (1.06–4.53) 0.03
Late 46 (1.5) 21 (1.7) 14 (1.4) 1.09 (0.63–1.86) 0.77 1.34 (0.72–2.50) 0.35
Definite/probable ST 143 (4.6) 75 (6.0) 113 (11.2) 1.28 (0.88–1.86) 0.20 1.86 (1.30–2.66) 0.001
Early 50 (1.6) 38 (3.1) 82 (8.1) 1.39 (0.80–2.41) 0.24 2.09 (1.27–3.41) 0.004
Late 93 (3.0) 37 (3.0) 31 (3.1) 1.17 (0.69–1.97) 0.56 1.75 (1.03–2.98) 0.04
Death 177 (5.7) 109 (8.8) 194 (19.2) 1.46 (1.09–1.95) 0.01 2.09 (1.60–2.73) <0.0001
Cardiac death 104 (3.4) 82 (6.6) 150 (14.8) 1.88 (1.32–2.66) <0.0001 2.58 (1.86–3.58) <0.0001
MI 138 (4.4) 53 (4.2) 49 (4.8) 1.05 (0.76–1.45) 0.77 1.37 (0.98–1.92) 0.07

Clinical outcome numbers are expressed as counts (percentage). Adjusted HRs were calculated using multivariate analysis. All baseline and procedural characteristics with p<0.05 in
univariate analysis were entered into the multivariate analysis to calculate adjusted HR’s.
MI, myocardial infarction; ST, stent thrombosis.
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cardiac mortality risk compared with normal LVEF patients. A
trend towards a higher risk of MI was found in patients with a
moderate–severely impaired LVEF. Our findings regarding the
relationship between a reduced LVEF and the increased mortal-
ity,15–18 and risk of MI,15 17 are also consistent with earlier find-
ings. Mortality and cardiac mortality seem to increase as LVEF
drops. In the moderate–severely impaired LVEF group, overall
1-year mortality was 11.8% and 11.3% in patients who had
EES implanted. The 1-year mortality rates in this group are
comparable to earlier findings.15 17 Patients with a mildly
impaired LVEF and normal LVEF showed 1-year mortality rates
of 4.4% and 1.8%, respectively.

This is the first study that specifically compared the outcome
of early-generation DES stents, SES and PES, compared with
newer-generation EES in patients with a varying systolic cardiac
function, in a registry with long-term follow-up observation to
4 years. This registry has the advantage that it consists of con-
secutive patients, has long-term follow-up and is not a post hoc
analysis of a large randomised-controlled trial, which apply spe-
cific inclusion criteria that complicates extrapolation of their
results to the more diverse, real-life population of patients.

The study shows that EES is associated with lower ST rates
compared with early-generation DES, irrespective of LV func-
tion. Interestingly, when comparing the difference in definite
overall ST rates between patients with a moderate–severely
impaired LVEF versus normal LVEF per stent, we found statistic-
ally higher ST rates in patients using PES and a trend towards
higher ST rates when using SES, but no differences in the inci-
dence of ST when found using EES. On the other hand, we
found no interaction when comparing EES to early-generation
DES in various LVEF groups. It could be possible that the event

rate in our study population of patients using EES was too low
to show interaction. Another explanation could be the fact that
a moderate–severely impaired LVEF seemed to be especially
associated with increased risk of EST, whereas EES, a sirolimus
derivate, with more biocompatible polymers and reduced drug
dose, seemed predominantly associated with lower LST and very
late ST rates compared with early-generation DES.12–14

Although EES also seems superior in preventing EST compared
with early-generation DES.12 13

The findings of this study can be used in clinical practice when
performing a PCI in patients with systolic dysfunction. The study
emphasises the known fact that EES is superior to early-
generation DES, but also shows that whether systolic dysfunction
is present or not, EES remains superior even after 4 years. When
performing PCI on patients with a reduced LVEF, the executive
physician should keep in mind that these patients have higher ST
rates, in particular EST, higher incidence of MI and higher mor-
tality rates. Despite these improved lower ST rates achieved by
using EES, more efforts and research to improve STand mortality
rates is mandated to improve the outcome of patients with a
reduced systolic cardiac function undergoing PCI.

Limitations
Several issues concerning this study warrant further consider-
ation. First of all, the ST event rate was quite low, especially in
EES patients. This low event rate may have caused a lack of
power to show significant differences.

The use of LVEF, which was performed angiographically,
using biplane assessment by visual estimate, is inherently an
issue since reproducibility of this method may be questioned. To
accommodate this limitation, we divided all study patients in

Table 3 Clinical outcomes sorted by drug-eluting stent type

Variable LVEF group EES SES PES

Adjusted HR

EES vs SES p Value EES vs PES p Value

Overall definite ST Moderate–severely impaired 3 (0.03) 14 (0.10) 11 (0.16) 0.28 (0.08–0.98) 0.04 0.15 (0.04–0.55) 0.004
Mildly impaired 1 (0.01) 22 (0.10) 8 (0.07) 0.11 (0.02–0.78) 0.03 0.13 (0.02–0.99) 0.047
Normal 3 (0.01) 35 (0.06) 26 (0.08) 0.20 (0.06–0.71) 0.01 0.12 (0.03–0.44) 0.001

Early definite ST Moderate–severely impaired 1 (0.29) 7 (1.68) 6 (3.31) 0.21 (0.03–1.71) 0.14 0.11 (0.01–0.89) 0.04
Mildly impaired 1 (0.28) 5 (0.88) 4 (1.37) 0.44 (0.05–3.75) 0.45 0.30 (0.02–2.83) 0.15
Normal 2 (0.27) 11 (0.71) 5 (0.63) 0.42 (0.09–1.91) 0.26 0.67 (0.09–2.34) 0.35

Late definite ST Moderate–severely impaired 2 (0.02) 7 (0.05) 5 (0.08) 0.37 (0.08–1.69) 0.20 0.21 (0.04–1.07) 0.06
Mildly impaired 0 17 (0.08) 4 (0.03) N.A. N.A. N.A. N.A.
Normal 1 (0.00) 24 (0.04) 21 (0.06) 0.05 (0.01–0.36) 0.03 0.02 (0.00–0.18) <0.0001

Overall definite/probable ST Moderate–severely impaired 31 (0.31) 53 (0.37) 29 (0.44) 0.70 (0.45–1.09) 0.12 0.52 (0.31–0.88) 0.02
Mildly impaired 15 (0.15) 38 (0.18) 22 (0.18) 0.67 (0.36–1.25) 0.21 0.65 (0.33–1.30) 0.22
Normal 19 (0.09) 77 (0.13) 47 (0.14) 0.73 (0.44–1.20) 0.21 0.47 (0.27–0.81) 0.01

Early definite/probable ST Moderate–severely impaired 26 (7.49) 38 (9.14) 18 (9.94) 0.77 (0.47–1.28) 0.32 0.73 (0.40–1.33) 0.30
Mildly impaired 11 (3.14) 16 (2.81) 11 (3.79) 1.00 (0.45–2.21) 0.99 0.71 (0.29–1.72) 0.44
Normal 12 (1.65) 23 (1.49) 15 (1.90) 1.18 (0.58–2.38) 0.65 0.89 (0.41–1.90) 0.75

Late definite/probable ST Moderate–severely impaired 5 (0.05) 15 (0.11) 11 (0.17) 0.48 (0.17–1.33) 0.16 0.22 (0.07–0.71) 0.01
Mildly impaired 4 (0.04) 22 (0.11) 11 (0.09) 0.41 (0.13–1.23) 0.11 0.58 (0.19–1.78) 0.34
Normal 7 (0.03) 54 (0.09) 32 (0.10) 0.45 (0.20-.0.98) 0.045 0.26 (0.11–0.61) 0.002

Death Moderate–severely impaired 59 (0.59) 92 (0.61) 43 (0.61) 0.81 (0.58–1.13) 0.22 0.78 (0.52–1.18) 0.24
Mildly impaired 27 (0.26) 50 (0.23) 32 (0.26) 1.01 (0.61–1.67) 0.96 0.93 (0.53–1.62) 0.80
Normal 28 (0.13) 91 (0.15) 58 (0.17) 0.84 (0.55–1.28) 0.42 0.71 (0.45–1.11) 0.13

Cardiac death Moderate–severely impaired 47 (0.47) 68 (0.45) 35 (0.49) 0.85 (0.58–1.25) 0.42 0.75 (0.48–1.18) 0.21
Mildly impaired 21 (0.20) 35 (0.16) 26 (0.21) 1.12 (0.64–1.98) 0.69 0.83 (0.45–4.53) 0.55
Normal 16 (0.07) 50 (0.08) 38 (0.11) 0.85 (0.49–1.49) 0.57 0.62 (0.35–1.11) 0.11

MI Moderate–severely impaired 6 (0.06) 27 (0.19) 16 (0.24) 0.29 (0.12–0.70) 0.01 0.19 (0.07–0.54) 0.002
Mildly impaired 11 (0.11) 25 (0.12) 17 (0.14) 0.65 (0.35–1.57) 0.44 0.65 (0.29–1.43) 0.28
Normal 19 (0.09) 74 (0.12) 45 (0.14) 0.77 (0.47–1.29) 0.32 0.50 (0.29–0.87) 0.01

Clinical outcome numbers are expressed as counts (number of events/month/100 patients). Adjusted risk ratios were calculated with the inverse probability of treatment weights as
analytical weighting in Cox proportional hazards models.
EES, everolimus-eluting stent; MI, myocardial infarction; PES, paclitaxel-eluting stent; SES, sirolimus-eluting stent; ST, stent thrombosis.
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three different LVEF categories to reduce the effect of measure-
ment discrepancies in LVEF assessment.

Furthermore, there were differences in baseline character-
istics between patients who had been stented with EES, SES
and PES after PCI and no randomisation was performed.

These differences in baseline characteristics had to be adjusted
for using the inverse probability of treatment weighting, as we
did before,12 to minimise a potential bias. Also, follow-up at
4 years was not complete in patients treated with EES
and PES.

Figure 1 Kaplan–Meier hazard curve
of overall definite stent thrombosis—
overall definite stent thrombosis in
patients using different drug-eluting
stents of patients with a (A)
moderate–severely impaired LVEF, (B)
mildly impaired LVEF and (C) normal
LVEF.
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Another issue that should be taken into account is the fact
that a primary arrhythmia causing death within 30 days would
full the ARC criteria for probable ST,26 which withholds us

from distinguishing between sudden death due to ST and a
primary arrhythmia. This may consequently have influenced our
results.

Figure 2 Kaplan–Meier hazard curve of overall definite stent thrombosis—overall definite stent thrombosis in patients with a moderate–severely
impaired vs normal LVEF of patients with (A) paclitaxel-eluting stents, (B) sirolimus-eluting stents and (C) everolimus-eluting stents.
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PCI strategies have improved over time, which may have con-
tributed to an improved outcome among patients with EES,
compared with patients with early-generation DES.

Other limitations of this study are related to the database, and
these limitations have been reported before.12

CONCLUSION
Newer-generation EES was associated with a reduced risk of ST
compared with early-generation DES, even after long-term
follow-up of up to 4 years, regardless of LVEF. The relative
reduction found was independent of LVEF, even though ST rates
were higher in patients with a moderate–severely impaired
LVEF. This association between reduced ST rates and a normal
LVEF using EES was predominantly based on lower LST rates,
whereas the lower occurrence of ST achieved by EES in patients
with a reduced LVEF seemed unrelated to the timing of ST.
Finally, all-cause mortality and cardiac mortality rates seem to
be inversely related to LV function.

Key messages

What is already known on this subject?
Drug-eluting stents (DES), sirolimus-eluting stents (SES) and
paclitaxel-eluting stents (PES) reduce the rates of restenosis and
target lesion revascularisation compared with bare metal stents.
Stent thrombosis (ST), especially late ST, is an infrequent
complication of DES. Newer-generation DES, releasing
everolimus (ie, everolimus-eluting stents (EES)), have shown
reduced (late) ST rates after percutaneous coronary intervention
(PCI). Additionally, an impaired LVEF is a risk factor for ST.

What might this study add?
The current study shows that newer-generation EES was
associated with a lower risk of ST compared with
early-generation DES, even after follow-up of up to 4 years.
The relative reduction of ST found was independent of LVEF,
even though ST rates were higher in patients with a moderate–
severely impaired LVEF.

How might this impact on clinical practice?
In our study, EES was associated with lower ST rates compared
with older-generation DES, whether or not a patient has systolic
dysfunction. The knowledge provided about the long-term safety
and benefits of newer-generation EES in patients with a reduced
cardiac function may suggest that EES should be the preferred
stent when performing a PCI in patients with systolic
dysfunction.
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