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ABSTRACT

Background: To evaluate the safety and efficacy of
the Endeavor"™-Stent (Medtronic Corp., USA) in daily
practice. Material and Methods: Data come from a
prospective single-centre registry. Between 2005 and
2007 all patients, who received at least one Endeavor™
coronary stent, were included into a registry. Patients
were contacted after 12 and 24 - 36 months. Results:
326 patients (97 females, mean age (67.5 + 10.3) years)
were included. From these patients 137 (42%) had a
3-vessel disease, 96 (29%) presented with myocardial
infarction < 72 hrs, 19 (6%) with a left ventricular
ejection fraction < 25%. In summary, 379 lesions (50%
type B2, 23% type C, mean lesion length (20.2 = 10.0)
mm, mean reference vessel diameter (3.0 + 0.4) mm)
were treated with Endeavor'™-Stents. Per patient, 0.4
%= 0.7 bare metal stents were implanted. Median fol-
low-up time was 35.3 months, during follow-up 165
patients (50.6%) had repeated angiography. After 12
(24) months overall mortality was 5.8% (7.3%), car-
diac mortality 3.1% (3.5%), myocardial infarction
rate 1.5% (4.1%), target-vessel revascularization rate
8.7% (12.4%), target-lesion revascularization rate
6.1% (8.4%), and cumulative MACE-rate 14.1%
(21.9%). In total, 2 definite or likely stent-thromboses
(0.6%) occurred during follow-up. Logistic regression
revealed the treatment of saphenous vein grafts and
aorto-coronary ostial lesions as risk factors for target
lesion revascularization. Conclusion: The Endeavor™-
Stent is a safe and effective drug-eluting stent in the
treatment of daily-life coronary patients. Treatment
of vein grafts and aorto-coronary ostial lesions ap-
pear to be associated with a higher need for re-inter-
ventions.
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1. INTRODUCTION
The use of drug-eluting stents (DES) is daily routine in
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the interventional treatment of coronary artery disease.
The Endeavor™-Stent (Medtronic Corp., USA) repre-
sents a second-generation drug-eluting stent, based on a
chromium-cobalt-nickel alloy carrier stent, a phosphoryl-
cho-line polymer, and zotarolimus as antiproliferative
drug [1]. When then stent received CE-mark in 2005
only limited yet promising data of the stent was available
from the Endeavor I and Endeavor II trials with a limited
follow-up period [1,2].

We thus thought to create a registry to evaluate the
Endeavor™ stent in a “real-life” clinical setting.

2. MATERIAL AND METHODS

This registry represents single centre data of a commu-
nity hospital without on-site cardiac surgery but with 24-
hours on-call service. Between September 2005 and Sep-
tember 2007 we included all patients with an intracoro-
nary implantation of at least one Endeavor™-Stent in
this registry containing demographical, clinical and in-
terventional data. There were no exclusion criteria. In-
terventions were performed by 4 experienced cardiolo-
gists. Treatment of other coronary lesions, the use of
material and medication were left to the operators’ dis-
cretion. Patients were followed-up after 12 and after 24 -
36 months using a written questionnaire asking for clini-
cal status, cardiac complaints, clinical events and medi-
cation record. If necessary, this data has been completed
by telephone contact or by contacting the family doctor
or cardiologist. If patients could not be contacted then
their last hospital or family-doctor contact was set as last
follow-up date. Primary endpoints were target lesion
revascularization (TLR) and major adverse cardiovascu-
lar events (MACE), i.e. the combined endpoint of death,
myocardial infarction and target vessel revascularization
(TVR). All patients gave informed consent for taking
part in this registry.

2.1. Angiographical Analysis

All angiographies have been reviewed by at least two
interventional cardiologists in a non-blinded fashion.
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Measurements were made using biplane quantitative co-
ronary analysis (QCA). Lesions have been classified
using the American Heart Association (AHA) and Ameri-
can College of Cardiology (ACC) classification [3]. Rou-
tine follow-up angiographies had not been scheduled,
only if clinically indicated. Left ventricular ejection frac-
tion (LVEF) has been measured using biplane left ven-
triculography or biplane echocardiography when ventricu-
lography was not available.

2.2. Statistical Analysis

Statistics have been performed using SPSS V11.5 (SPSS
Co., Chicago, Illinois, USA). Follow-up time intervals
are presented as median and 25%- and 75%-quartiles
(Q2s; Q75). All other numerical data is presented as mean
+ standard deviation (SD). Categorical data is presented
as sum and percentage. Event rates have been analyzed
and displayed using Kaplan-Meier-statistics.

To evaluate the effect of clinical and procedural fac-
tors on the TLR-rate a binary logistic regression analysis
has been performed. The following criteria have been
tested: age, sex, body-mass-index, history of arterial hy-
pertension, diabetes, hyperlipidemia, nicotine abuse and
renal failure, vessel status, left-ventricular ejection frac-
tion, presence of cardiac shock, indication for index pro-
cedure, lesion localization, reference vessel diameter
(RVD), lesion length, lesion type, stent diameter and
length, treatment of unprotected left main stem, bifurca-
tions, in-stent stenosis, acute myocardial infarction, aorto-
coronary ostial lesion, chronic total occlusion and saphe-
nous vein graft, direct stenting, post-dilatation and inter-
ventional success. If a factor proved to be relevant, an
odds ratio (OR) with a 95% confidential interval (CI) has
been calculated using a cross-table with a Chi*~test and a
Mantel-Haenzel-Statistic.

2.3. Definitions

Arterial hypertension and diabetes have been defined
according to current literature [4,5]. Myocardial infarc-
tion comprises Non-ST- (NSTEMI) and ST-elevation
(STEMI) myocardial infarction as defined by current
guidelines [6,7]. Cardiogenic shock was assumed when
the systolic blood pressure had been less than 90 mmHg
and heart rate > 100 min ' for more than 30 minutes re-
quiring haemodynamic support by catecholamines and/or
intraaortic counterpulsation [8]. A glomerular filtration
rate as calculated by the Modification of Diet in Renal
Disease (MDRD) formula of less than 60 ml/min/1.73 m”
has been regarded as significant impairment of renal
function [9].

Any cause of death that could not clearly be identified
as non-cardiac has been regarded as cardiac, thus also
including unknown causes of death.
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Acute procedural success has been defined by treat-
ment of the target lesion(s) with at least one Endeavor™
stent with a residual stenosis < 30% and no dissection
greater than type B according to the National Heart Lung
and Blood Institute criteria [10]. In-segment comprises
everything from 5 mm proximal to 5 mm distal of the
stented vessel, whereas the term in-stent refers to the
stent section only.

Target lesion revascularization (TLR) comprises any
new revascularization including PCI and bypass-surgery
of the stented segment. In contrast, the term target vessel
revascularization (TVR) represents any new revasculari-
zation including PCI and bypass-surgery of the treated
vessel.

Major adverse cardiac event (MACE) is considered a
composite endpoint of death, myocardial infarction, TLR
and TVR.

3. RESULTS
3.1. Baseline

Patients’ characteristics at baseline are summarized in
Table 1. During the 2-year enrollment period of the
study, 326 patients have been included into the registry.
Fifty six percent (183) of the patients had previously
“untouched” native coronary arteries. More than 80% of
the patients had a two or three vessels disease. A small
percentage of patients with severely reduced left ven-
tricular function and even with cardiogenic shock had
been included. Half of the patients presented with stable
or unstable angina and almost one third of patients pre-
sented with myocardial infarction within 72 hours.

Table 2 summarizes the procedural characteristics of
the treated patients. In total, 495 lesions had been treated
during the initial procedure (mean 1.5 + 0.7 per patient).
In 355 vessels, 379 (76.6%) of these lesions were treated
with the use of the Endeavor™-Stent. The remaining le-
sions had been treated with bare-metal stents (BMS) or
with balloon-angioplasty alone. No additional drug-eluting
stent or drug-eluting balloon had been used.

The number of BMS per patient was 0.41 + 0.71 with
an average stent length of (16.0 + 5.9) mm and a stent
diameter of (3.3 + 0.5) mm. The brands that had been used
were Driver™ (Medtronic Corp., USA), Liberté™ (Bos-
ton Sci., USA) and Vision™ (Abbott Vascular, USA).

Almost 75% of all DES-treated lesions were type B2
or C lesions. The interventional success was high. There
was a substantial number (30%) of bifurcation lesions
(i.e. involving a side-branch > 1.5 mm) among the treated
lesions.

3.2. Follow-up

The median follow-up time was 35.3 months with an
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Table 1. Baseline data (SD—standard deviation, PCl—percu-
taneous coronary intervention, BMS—bare metal stent, DES—
drug-eluting stent, CABG—coronary artery bypass graft, VD—
vessel disease, LVEF—Ieft ventricular ejection fraction, MI—
myocardial infarction).

Table 2. Interventional data of Endeavor -Stent treated lesions
(LM—Ieft main stem, LAD—Ieft anterior descending artery,
LCX—Ileft circumflex artery, RCA—right coronary artery, SD
—standard deviation, DES—drug eluting stent, BMS—bare
metal stent, SVG—saphenous vein graft, SB—side branch).

Number of patients

326 (females 97, males 229)

Age (mean £ SD)

Body mass index (mean + SD)

(67.5 £10.3) years
(27.4 +4.3) kg/m?

Arterial hypertension 271 (83%)

Diabetes mellitus 104 (32%)

Dyslipoproteinemia 265 (81%)
Current smoker 106 (33%)
Renal failure 51 (16%)

203 (62%) none
29 (9%) balloon-angioplasty only

Previous PCI 85 (26%) with BMS only
5 (2%) with DES only
4 (1%) with BMS and DES
Previous CABG 46 (14%)

62 (19%) single-VD
127 (39%) two-VD
137 (42%) three-VD

Vessel disease

217 (67%) LVEF > 50%
LVEF 90 (27%) LVEF > 25% and <50%
19 (6%) LVEF < 25%

Cardiogenic shock 9 (3%)

81 (25%) stable angina
82 (25%) unstable angina
96 (29%) MI <72 hours

3 (1%) M1 >72 hours

55 (17%) silent ischemia
9 (3%) other

Indication

interquartile range of 30.4 - 41.6 months. At 12 months
follow-up data of 324 patients (99.4%) and at 24 months
data from 315 patients (96.6%) were available. The clini-
cal events during follow-up after 12 and 24 months are
summarized in Table 3. The mortality rate during com-
plete follow-up was 9.5% with a cardiac mortality of
3.7%. Myocardial infarction rate was 5.5%, the TVR rate
was 13.8% whereas the TLR rate was 9.2%. This cumu-
lated into a MACE-rate of 24% for the complete follow-
up period (Figure 1 and Figure 2).

During follow-up 165 patients (50.6%) had at least
one repeated angiography. The median interval was 8.9
months with an interquartile range of 4.5 - 16.2 months.
Indications for angiography were recurrent angina and/or
suspected myocardial ischemia in 106 patients (64.2%),
myocardial infarction in 15 patients (9.1%) and a sched-
uled control angiography or intervention in 44 patients
(26.7%). Figure 2 shows a summary of events during
follow-up period.
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No. of DES-treated lesions 379
No. DES/patient (mean +£ SD)  1.28 £0.51
DES/lesion (mean £ SD) 1.12+£0.32

34 (9%) LM

205 (54%) LAD
65 (17%) LCX
64 (17%) RCA
11 (3%) SVG

Localization of lesions

12 (3%) Type A
91 (24%) Type Bl
188 (50%) Type B2
88 (23%) Type C

Lesion classification

Unprotected left main stem 31 (8%)

112 (30%) total

15 (4%) no dilation of SB
85 (22%) ball. dil. of SB
7 (2%) T-stenting

5 (1%) crush-stenting

Bifurcation lesion
In-Stent-Stenosis 38 (10%)

Acute myocardial infarction 101 (27%)

Aorto-coronary ostial lesion 27 (7%)
Chronic occlusion 22 (6%)
>40 mm Stent length 33 (9%)
Bypass lesion 103%)
Ref. vessel diam. (mean + SD) 3.0 + 0.4 mm
Lesion length (mean + SD) 20.2 = 10.0 mm
Stent diameter (mean + SD) 3.1+£0.4 mm
Stent length (mean + SD) 23.8+10.0 mm
Direct stenting 144 (38%)

200 (53%) none

14 (4%) with smaller balloon
159 (42%) with equal-sized balloon
6 (2%) with larger balloon

Post-dilatation

Interventional success 373 (98%)

In 35 of all 379 lesions (9.2%) a TLR had been per-
formed, 10 (28.6%) with balloon-angioplasty alonel4
(40.0%) received a different drug-eluting stent, 10 (28.6%)
underwent bypass-operation, and 1 patient (2.9%) re-
ceived a bare metal stent.

Dual antiplatelet therapy (DAPT) with clopidogrel and
aspirin has been performed for a median of 26 weeks.
Eighty-five percent of patients completed a DAPT of at
least 90 days, whereas after 12 months 41% of all pa-
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Table 3. Clinical events during follow-up (MI—Myocardial
infarction, Non-TV—Other than target vessel, TVR—Target
vessel revascularization, TLR—Target lesion revascularization,
MACE—Major adverse cardiovascular events).

12 months (324 pts.) 24 months (315 pts.)

Overall Mortality 19 (5.8%) 23 (7.3%)
Cardiac Mortality 10 (3.1%) 11 (3.5%)
MI 5(1.5%) 13 (4.1%)
Non-TV MI 2 (0.6%) 6 (1.9%)

TVR (n=355) 31 (8.7%) 44 (12.4%)
TLR (n=379) 23 (6.1%) 32 (8.4%)
MACE 46 (14.1%) 69 (21.9%)

tients alive still were on DAPT.

There were two cases (0.6%) of definite or likely stent
thrombosis during follow-up according to the Academic
Research Consortium (ARC) classification [11]. One
patient suffered a fatal myocardial infarction 5 days after
the initial procedure while he was on dual antiplatelet
therapy with aspirin and clopidogrel. The second patient
presented with a subacute stent thrombosis more than
800 days after the procedure while he was on aspirin
monotherapy. An aggregation test to prove thrombozytes’
function during the current antiplatelet therapy had not
been performed in these two cases.

Logistic regression analysis regarding risk factors for
TLR during follow-up revealed a significant influence of
the treatment of aorto-coronary ostial lesions (OR 3.8,
95% CI 1.5 - 9.8) and the treatment of saphenous vein
graft lesions (OR 3.9, 95% CI 1.1 - 15.6).

1.00 -

0.98 4

0.96 -

4. DISCUSSION

Meanwhile, data from other Endeavor-trials providing
more long-term-data and allowing a comparison with
other drug-eluting stents have been published (long-term
data of Endeavor I and II, Endeavor IlI-trial: Endeavor™
vs. Cypher™ (Cordis Corp., USA), Endeavor IV-trial:
Endeavor™ vs. TAXUS™ (Boston Sci., USA)). These
trials show superiority against the DRIVER™ bare metal
stent (Medtronic Corp., USA) and non-inferiority against
other drug eluting stents with 9 - 12 months major adverse
cardiovascular event (MACE) rate of about 7% - 9% in
selected patients with a superior safety profile [1,2,12,
13].

The safety and efficacy of the Endeavor'™-Stent in a
real-world scenario are currently been investigated by the
E-Five Registry including more than 8300 patients with
more than 10,000 lesions at 188 hospitals worldwide [14].
More than 2100 patients completed a 2-year follow-up
[15]. Thus, it provides an overwhelming amount of data.
However, there is still some need for an even small reg-
istry [16].

First, there is a complete independency from industrial
sponsorship, which may have an influence on study re-
sults, as has been shown in previous analysis [17]. Sec-
ond, in the E-Five registry in 95% of all treated lesions
the Endeavor™-Stent was the only device used [14]. To
our opinion, this does not represent daily practice, as not
every lesion (e.g. in large vessels) needs to be treated by
a drug-eluting stent [18-20]. Therefore, in our registry
about one fourth of all lesions received bare-metal stents.

Naturally, the complexity of patients and lesions in
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Figure 1. Kaplan-Meier-Curve comparing all-cause death rates and cardiac
death rates during follow-up ("-censored cases).
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Figure 2. Kaplan-Meier-Curve comparing events during follow-up (MACE
—major adverse cardiovascular events, MI—myocardial infarction, TLR—
target lesion revascularization, TVR—target vessel revascularization ('-

censored cases).

controlled trials is somewhat different as compared to
(daily-life) registries. In our registry, 73% of Endeavor™

treated lesions can be categorized as type B2 or C lesions.

In the Endeavor Il-trial 28% of all Endeavor “-treated
lesions were classified as type C lesions, whereas 69%
were type B1/2. However, bifurcation lesions, chronic
occlusions, acute myocardial infarction etc. were ex-
cluded [1]. Hence, the complexity of our lesions has to
be regarded as different from the Endeavor-II trial. In the
E-Five Registry, about 60% of all lesions were classified
as type B2 or C [14]. In other DES-registries it varied
from 50% (ARRIVE) to 86% (e-Cypher) [21,22].

The MACE rate during follow-up has significantly
been influenced by non-cardiac events, underlining the
co-morbidity of our patients. Still, the rate of 14% after 1
year and 21% after 2 years is higher in comparison to
other DES-registries (e-Cypher: one year MACE rate
5.8%, ARRIVE: one year MACE rate 9.5%, two year
rate 14.2%, E-Five 7.5% and 8.5%) [15,21,22]. These
differences might be at least partially explained by dif-
ferent patients’ characteristics at baseline: patients in our
registry were up to 5 years older and the percentage of
patients with recent myocardial infarction (i.e. <72 hours
previous to the procedure) were higher in our registry
(29% vs. 7% [e-Cypher] or 11% [E-Five, 2-year follow-
up group]) [15,22]. Also, slightly different definitions of
the composite endpoint “MACE” may have contributed
to different results [11]. In our data, roughly 50% of the
observed myocardial infarctions during one and two
years of follow-up have been caused by non-target ves-
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sels.

The TLR rate has been comparable to the E-Five reg-
istry (2 year TLR rate 5.1%) and the ARRIVE registry (2
year TLR rate 7.3%) [15,21]. The long-term data of the
ENDEAVOR-II trial revealed a 5-year TLR rate of 7.5%
for the Endeavor-Stent (vs. 16.3% for the BMS group)
[1]. Mauri et al. published a meta-analysis including 6
randomized trials comparing the Endeavor™-Stent to
BMS with more than 2.100 patients: After 5 years the
TLR-rate for the Endeavor ™-Stent was 7.0% (vs. 16.5%
for the BMS) and the overall mortality rate 5.9% (vs.
7.6% for BMS) [24]. The SORT OUT III trial revealed
an 18-month TLR rate of 6% (vs. 2% for the sirolimus-
eluting stent), however it did not really represent an “all-
comers” trial, as more than 50% of the eligible patients
had not been included [23]. Recently published data from
the KOMER AMI trial, comparing the Endeavor'"-Stent
with paclitaxel- and sirolimus-eluting stents in acute ST-
elevation myocardial infarction, reported a target vessel
failure of 15% for the Endeavor™-Stent after two years,
which did not differ significantly from the other stents
[25].

Treatment of aorto-coronary ostial lesions and saphe-
nous vein grafts could be identified as risk factor for
TLR in our registry. The higher re-intervention rate in
bypass grafts has been demonstrated in previous trials
also for different drug-eluting stents [26]. Due to various
(patho-) anatomical reasons interventional treatment of
aorto-coronary ostial lesions is associated with a higher
restenosis rate. lakovou et al. reported angiographic res-
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tenosis rates of 51% in bare metal stents vs. 11% in si-
rolimus drug-eluting stents in the treatment of aorto-
ostial lesions [27]. Recently, Luz et al. published a TLR
—rate of 13% with no significant difference between
BMS vs. DES [28]. Other trials detected additional risk
factors for restenosis, such as male gender [29].

Although one cannot exclude an underreporting of
events, the rate of definite or likely stent thrombosis dur-
ing follow-up is consistent with the Endeavor-II-trial
(0.5%), the E-Five registry (0.7% after two years) and
other trials (ISAR-Test 2: 0.6%, Wenaweser et al. 0.4% -
0.6% per year) and emphasizes the safety of the En-
deavor™-Stent in clinical practice [1,15,30,31]. This has
also been demonstrated in direct comparison against the
Taxus™- and the Cypher™-Stent [12,13]. Recently, it
has been proven, that the Endeavor™-Stent showed bet-
ter endothelial strut coverage even in myocardial infarc-
tion in comparison to other DES [32-34]. However, the
SORT OUT III trial revealed a low (1%) but signifi-
cantly higher rate of definite stent-thrombosis after nine
months in comparison to sirolimus-eluting stents [23].

The optimal duration of dual antiplatelet therapy (DAPT)
still remains controversial. In low-risk patients a time
period of 3 months after implantation of an Endeavor™
seems feasible, however the books on this topic have not
been closed yet [35].

Limitations

This is a single-center registry and the number of patients
is very limited in comparison to other registries. As a
consequence the number of events in this population
might have been too small to detect certain correlations.
There is no control group (e.g. with another drug-eluting
stent). In addition, an independent review- and monitor-
ing board has not been involved. Therefore, a certain
investigator bias cannot be excluded as well as over- or
underreporting of events.

5. CONCLUSION

The Endeavor™-Stent is a safe and effective drug-eluting
stent in the treatment of daily-life coronary patients even
with acute myocardial infarctions. The treatment of sa-
phenous-vein grafts and aorto-coronary ostial lesions ap-
pears to be associated with a higher need for re-inter-
ventions in these patients.
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