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EuroHeart survey, Aims: To assess the use of drug eluting stents (DES) and passive stents in patients undergoing
drug eluting stents, percutaneous coronary interventions (PCl) in Europe.

passive stents, Methods and results: We looked at the characteristics, procedural details and immediate outcome of 9,380

acute outcome patients consisting of 2,471 STEMI patients (26.3%), 1,752 patients with NSTEMI-ACS (18.7%), and

5,157 elective patients (55.0%) in the European Heart Survey. The hybrid population of DES and passive
stented patients (506 patients), and those treated without a stent, were excluded from the direct
comparison between the two stented subgroup. These patients were, however, included in the total treated
PCI population consisting of 10,982 patients.

Patients presenting with stable angina or NSTEMI-ACS were more often treated with DES than patients with
STEMI, which was in accordance with the current European Society of Cardiology (ESC) guidelines. There
was no excess of acute stent thrombosis in the DES treated patients in any clinical setting including STEMI.
Periprocedural complications were less in STEMI patients treated with DES compared to passive stents
(BMS or coated stents). More complicated lesions and off-label use was observed with DES than passive
stents. The overall in-hospital mortality was low (1.8%) and was better in the DES (1.2%) than passive
stented patients (2.1%). In-hospital MACCE for the total PCI population (N=10,982) reflected the clinical
presentation as it increased from electives (1.4%), NSTEMI-ACS (6.4%) to STEMI (7.8%) patients.
Conclusions: There is marked variability in DES use across Europe. More detailed studies are needed to
address the outcome of DES, especially in STEMI patients and the off-label use in order to contemplate
a revision of the current ESC guidelines.
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Abbreviations list

ACS Acute Coronary Syndrome

CARDS Cardiology Audit and Registration Data
Standards

CVvD Cardiovascular Disease

CABG Coronary Artery Bypass Grafts

EHS European Heart Survey

TIMI Thrombolysis In Myocardial Infarction

FDA Food and Drug Administration

RCA Right Coronary Artery

LMS Left Main Stem

LCx Left CircumfleX artery

LAD Left Anterior Descending artery

DES Drug-Eluting Stents

BMS Bare Metal Stent

NSTEMI-ACS Non- ST Elevated Myocardial Infarct- Acute
Coronary Syndrome

STEMI ST Elevated Myocardial Infarct

IVUS IntraVascular UltraSound

IABP Intra Aortic Balloon Pump

TLR Target Lesion Revascularisation

TVR Target Vessel Revascularisation

Ml Myocardial Infarction

ST Stent Thrombosis

PES Paclitaxel Eluting Stent

SES Sirolimus Eluting Stent

BMI Body Mass Index

Introduction

The European Heart Survey (EHS) programme is aimed at providing
up to date information on the current state of cardiovascular disease
(CVD) in Europel. In particular, to the adherence of published
guidelines, whether or not patients can be enrolled in appropriate
trials, and the differences in managing CVD amongst the member
states. Since 1999 there have been a total of 12 completed surveys
giving useful information on current clinical practices®. The most
recent survey on percutaneous coronary intervention (2005-2006)
became the PCI registry database. This followed the coronary
revascularisation survey of 2001-2002 with bare metal stents
(BMS).

Although several meta-analyses confirm the superiority of drug-
eluting stents (DES)3% in reducing restenosis, there are now
emerging concerns with regard to clinical events such as late stent
thrombosis’ 1. As such, the long-term behaviour of DES is yet to be
determined. It is therefore vital to have accurate patient records of
their implantation and subsequent follow-up, like those in registry
databases to fully evaluate the effectiveness of these stents.
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We therefore investigated the EHS database to determine what
population of patients are currently being treated with a DES or a
passive stent (BMS or coated stents) in Europe and to see whether
they comply to existing European Society of Cardiology (ESC)
guidelines on DES implantation?. Our data was however limited to
the DES and passive stent usage, and not to any long-term follow-up
that will be subsequently reported by the EHS as data becomes
available.

The ESC Guidelines on DES usage

The current guidelines for DES use are at a recommendation level of
1B for de novo lesions of more than 50% in the native coronary
arteries of patients with stable or unstable angina or documented
ischaemia. Lesion characteristics were chosen in accordance to the
SIRIUS trial’31 (involving the Cypher™ stent), with a reference
diameter of 2.5-3.5 mm and a lesion length of 15-30 mm or, in the
case of TAXUS-IV and TAXUS-V!® (regarding the Taxus™ stent),
with a reference diameter of 2.5-3.75 mm and a lesion length of 10-
28 mm. Patients with acute myocardial infarction (MI) or status post
MI, bifurcations or ostial lesions, unprotected left main stem lesions,
visible thrombus, severe tortuosity and/or calcification, were not
included in the current ESC guidelines. The recommendation of
DES is currently at level I1aC in patients with lesions in small vessels,
chronic total occlusion, bifurcation and ostial lesions, coronary
artery bypass stenosis, insulin-dependent diabetes mellitus,
multivessel disease, unprotected left main stenosis and in-stent
restenosis!? 16,

Methods

The Euro Heart Survey on PCI involved 29 ESC member countries
and 137 hospitals. A national coordinator was responsible for
maintaining contact with the investigators in each of the
participating centres, and for overseeing the implementation of the
survey protocol. In each participating centre, a data collection
officer was responsible for screening the patients admitted for a
PCI. Data regarding the pre-hospital and in-hospital course, follow-
up data were collected at 30 days. Patient identification was not
recorded on the case report forms. The centres were instructed to
keep a log of all included patients, in which their names, contact
information, and study code were recorded, in order to enable
follow-up. Electronic case report forms were used for data entry and
transferred via the web to a central database located in the
European Heart House, where they were edited for missing data,
inconsistencies, and out-liers.

The patient population

The EHS data were collected in accordance with the Cardiology
Audit and Registration Data Standards (CARDS). The programme
on PCl in Europe covered the period May 2005 to December 2005
and included 14,575 patients from 29 ESC member countries and
137 hospitals. The data included both acute and elective patients
and a subgroup of patients (25%) defined as post-STEMI, post-
NSTEMI-ACS and post-unstable angina. These were patients in
whom PCI followed various degrees of stabilisation after the initial
event and thus differed from the elective patient population with



stable angina. As they were neither non-acute nor elective patients
we have not included them in our analyses, but have chosen to
concentrate particularly on those with STEMI, NSTEMI-ACS or
stable angina, hereafter called the treated patients. This subgroup
had a total of 10,982 patients with 2,753 STEMI patients (25.1%);
2,036 patients with NSTEMI-ACS (18.5%); and 6,193 elective
patients (56.4%). However, in the stented population were 9,886
patients consisting of 2,521 STEMI patients (25.5%); 1,867
NSTEMI-ACS patients (18.9%); and 5,498 elective patients
(55.6%). There were 4,336 patients (44%) treated with DES only,
hereafter called the DES patients, and 5,044 (51%) treated with
passive stents only. A hybrid population consisting of 506 patients
(5%) who had received both types of stents was excluded from the
comparisons. The relative percentages of patients treated with
a DES in the three clinical settings above were 37.1%,

46.9% and 55.1% respectively, which represented 9%, 9% and
31% of the stented patients (Figure 1).
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Figure 1. The stented acute and elective patients (N=9886) and the
proportion of DES use in each group.

Statistical methods

Categorical data are presented as percentages or absolute
numbers. For continuous variables the median, but for age the
mean is shown. Subgroups were compared by Pearson chi-square
test with respect to dichotomous variables, by Cochran-Armitage test
with respect to ordinal categorical variables, and by Mann-Whitney
U-test with respect to counts and continuous variables.
A significance level of 0.05 was assumed and all p-values are the
results of two-tailed tests. Adjusted odds ratios with 95%-
confidence intervals were calculated by multiple logistic regression
for the effect of DES vs. passive stent use on in-hospital mortality.
The indication groups (STEMI and NSTEMI-ACS) and those
baseline characteristics listed in table 1 which yielded p<0.2 in the
univariate comparison and were chosen by a forward selection
procedure with an entry level of p=0.1 were included in the model
for the stented population. In a second model for the NSTEMI-ACS
patients only, an age-adjustment was made due to the small
number of events. The statistical computations were performed
using SAS, version 9.1 (Cary, North Carolina, USA).
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Results

Demographics

In the stented patient population (N=9,886) that included the
hybrid population, the Mediterranean countries contributed the
most patients treated with a DES (2,161 patients, 44.6%), followed
by Western Europe (1,808 patients, 37.3%), Central Europe (632
patients, 13.1%) and Northern Europe (241 patients, 5.0%).
Patients treated with passive stents only were predominantly from
Central Europe (2,512 patients, 49.8%) followed by the
Mediterranean countries (1,416 patients, 28.1%), Western Europe
(1,009 patients, 20.0%) and Northern Europe (107 patients,
2.1%). The relative amount of DES used in the stented population
was however highest in Northern Europe (69.3%), followed by
Western Europe (64.2%), the Mediterranean countries (60.4%) and
Central Europe (20.1%). The demographic characteristics of
cardiac patients vary throughout Europe. Western European
countries presumably have a relatively longer life expectancy (due
in part to the lower age-specific mortality from cardiovascular
disease) and decreasing birth rates!’. In addition, the prevalence of
cardiac risk factors such as smoking, obesity, diabetes,
dyslipidaemia and elevated blood pressure markedly vary across
countries, and is reflective of the variable distribution of healthcare
resources. Realising this, we have pooled the patient demographics
of stented patients across Europe (Table 1).

The data showed that almost three-quarters of the total patient
population were male (74.9%), and that the median BMI was 27.1.
STEMI patients were the youngest on average and had the highest
number of smokers. Elective patients had significantly more cardiac
risk factors and past cardiac history. The diabetics represented
24.5% of the population and they were more likely to be treated
with DES. Significantly more DES was also used in elective and
NSTEMI-ACS patients with dyslipidaemia. In patients admitted with
a NSTEMI-ACS significantly more DES were implanted in those with
previous CABG and also in patients with previous PCI regardless of
their clinical presentation. There were no significant differences
between the numbers of DES and passive stents implanted in
patients with hypertension or renal failure.

Medication

Anti-platelet therapy on admission and
discharge

On admission only 32.1% of electively stented patients were on
clopidogrel (ticlopidine 9.3%) and 84.5% were on aspirin.
Understandably, patients admitted with NSTEMI-ACS and STEMI
were on lower amounts of clopidogrel (26.4% and 10.5%) and
aspirin (66.7% and 41.1% respectively). But interestingly, more DES
than passive stent treated patients in both elective (39% vs. 24.4%,
p<0.001) and NSTEMI-ACS (35.1% vs. 20.0%, p<0.001) patients
were admitted on clopidogrel (Table 2). In patients administered
clopidogrel in-hospital, the majority (80.7%) were given the 300 mg
dose. In the elective patients not admitted on clopidogrel, 38.8% of
them had this drug started on the operating table.
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Table 1. The acute and elective patients demographics (N=9,380) stented with either DES or passive stents in Europe.

STEMI NSTEMI-ACS Elective
Patients DES Passive P DES Passive P DES Passive P
treated treated treated treated treated treated
N=885 N=1,586 N=760 N=992 N=2,691 N=2,466
Age > 75 13.4% 18.9% <0.001 20.7% 22.9% 0.265 15.3% 16.3% 0.348
Age at PCI (mean) 60.4 62.2 0.001 64.1 65.6 0.014 63.7 63.9 0.606
Male 75.7% 74.2% 0.412 73.3% 70.9% 0.263 75.2% 76.2% 0.392
BMI (median) 26.2 26.8 <0.001 27.1 27.1 0.822 27.4 27.4 0.888
Diabetes 22.4% 18.6% 0.026 29.8% 20.2% <0.001 31.0% 22.1% <0.001
Smokers 51.1% 45.1% 0.006 26.7% 28.5% 0.394 18.7% 21.1% 0.034
Hypertension 52.2% 52.4% 0.927 68.3% 67.7% 0.792 70.4% 71.3% 0.482
Dyslipidaemia 49.4% 45.7% 0.094 67.3% 60.5% 0.004 73.1% 68.2% <0.001
History of CAD 26.5% 25.7% 0.669 53.5% 48.3% 0.032 62.8% 66.7% 0.003
Renal failure 2.2% 2.1% 0.855 5.3% 4.0% 0.194 3.7% 3.3% 0.370
Previous MI 15.1% 15.5% 0.800 29.9% 29.9% 0.995 35.7% 44.9% <0.001
Previous PCI 10.0% 6.8% 0.005 31.0% 17.2% <0.001 34.7% 23.4% <0.001
Previous CABG 2.6% 1.4% 0.024 11.9% 7.0% <0.001 9.7% 8.1% 0.055
Table 2. Medication on admission and the recommended duration of dual anti-platelet treatment (N=9,380).
Medication STEMI NSTEMI-ACS Elective
Patients DES Passive P DES Passive P DES Passive P
treated treated treated treated treated treated
N=885 N=1,586 N=760 N=992 N=2,691 N=2,466
Medication on admission
Aspirin 39.3% 41.8% 0.250 71.1% 63.2% 0.001 82.6% 86.6% <0.001
Clopidogrel 9.6% 10.8% 0.392 35.1% 20.0% <0.001 39.0% 24.4% <0.001
Ticlopidine 0.8% 0.6% 0.612 3.0% 4.8% 0.090 5.4% 14.1% <0.001
Anticoagulants** 4.2% 3.9% 0.658 6.5% 5.2% 0.286 3.6% 3.2% 0.384
Beta blockers 24.1% 26.7% 0.173 55.5% 54.7% 0.759 66.1% 72.1% <0.001
ACE inhibitors 21.5% 24.0% 0.197 45.4% 44.8% 0.800 51.2% 60.0% <0.001
Statins 24.2% 18.3% 0.001 58.8% 47.4% <0.001 70.9% 69.1% 0.162
Recommended duration of dual anti-platelet therapy
4 weeks 1.4% 27.1% <0.001* 2.5% 21.2% <0.001* 1.1% 23.4%
<0.001*
3 months 3.4% 20.4% 6.8% 18.5% 6.0% 17.4%
6 months 23.5% 15.9% 22.6% 14.3% 23.8% 13.1%
9 months 4.8% 10.9% 11.9% 10.2% 7.0% 6.1%
12 months 67.0% 25.8% 56.1% 35.8% 62.2% 39.9%

* Cochran-Armitage test for trend; ** vitamin K antagonists, oral thrombin inhibitors or others

According to the current ESC guidelines, dual anti-platelet
treatment (aspirin and clopidogrel) is recommended for six months
following a DES implantation and for a period of 3-4 weeks following
a BMS!8. But in view of the controversies regarding late stent
thrombosis, the Food and Drug Administration (FDA) in the United
States has extended dual anti-platelet for 12 months after treatment
with a DES!®. At discharge, 93.0% of electively treated DES patients
and 78.4% (p<0.001) of patients treated with passive stents were
on clopidogrel with 98.0% and 97.4% respectively on aspirin. Out
of those DES patients who received dual anti-platelet therapy, only
23.8% were recommended clopidogrel for six months in
accordance with the current ESC guidelines. The majority (69.2%)
was recommended to continued treatment for at least nine months.
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Similarly, in elective patients treated with a passive stent, a longer
period of treatment with clopidogrel was also prescribed, as 23.4%
were recommended dual anti-platelet treatment for four weeks and
46.0% for at least nine months. This recommendation was equally
noted in DES treated STEMI and NSTEMI-ACS patients with less
than a quarter prescribed clopidogrel for six months and more than
two-thirds to continue treatment for more than nine months.
Prolonged treatment with clopidogrel (at least nine months) was
also given to passive stent treated STEMI and NSTEMI-ACS,
representing 36.6% and 46.0% of these patients respectively. Only
47 5% of STEMI and 39.7% of NSTEMI-ACS patients treated with
a passive stent were recommended dual anti-platelet treatment for
three months or less.



Intervention on patients treated in the three
clinical settings

In the treated STEMI population, 86.1% had a primary intervention,
9.5% a rescue PCl and 4.4% a facilitated procedure. Electives had
the highest amount of patients with single vessel disease (45.0%)
followed by STEMI (43.3%) and NSTEMI-ACS (38.9%). Triple
vessel disease was more prevalent in the NSTEMI-ACS (26.4%) and
STEMI (25.0%) and less so in the elective patients (21.6%). The
number of diseased vessels was significantly different between
patients treated with DES and passive stents in STEMI, but not in
the electives and in NSTEMI-ACS patients. The prevalence of triple
vessel disease was 21.3% and 20.6% (p=0.250) in electives,
25.0% and 24.6% (p=0.776) in NSTEMI-ACS and 22.0% and
25.1% (p=0.033) in STEMI (Table 3).

Vessels diseased and treated

Angiographically, in the subgroup of patients treated with either
DES or passive stents (N=9,380), the most diseased vessel
(stenoses of at least 50%) was the LAD (67% in elective patients
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and 70% in STEMI and NSTEMI-ACS patients) followed by the
RCA (54% in electives and 56% in NSTEMI-ACS with 62% in
STEMI). The LCx was the least diseased vessel in all categories
with 50% in electives, 54% in NSTEMI-ACS and 46% in STEMI.
There were more diseased LMS and coronary bypasses in the
elective (4.7% and 5.0%) and NSTEMI-ACS patients (6.4% and
4.9%) respectively. The STEMI group had the least diseased LMS
(3.8%) and coronary artery grafts (0.9%). In terms of treatment
(Figure 2), 36.8% of elective patients had their RCA treated
corresponding to 68% of the total diseased elective RCA. The RCA
was treated in 32.3% of NSTEMI-ACS and 43.5% of STEMI
patients representing 58% and 70% of this diseased vessel being
treated accordingly. In almost half of the patients (47.8% in
electives, 45.6% in NSTEMI-ACS and 45.9% in STEMI), the LAD
was treated resulting in about two-thirds (71%, 65% and 65%
respectively) of this diseased vessel being treated. A smaller
percentage of patients had treatment to their LCx (30.7% of
electives, 32.8% of NSTEMI-ACS and only 16.5% of STEMI)
representing 62%, 61% and 36% of diseased LCx being treated.
Only 2.5% of elective patients, 3.6% of NSTEMI-ACS and 1.2% of

Table 3. The number of vessels and segments treated in DES and passive stented patients (N=9,360).

STEMI NSTEMI-ACS Elective
Patients DES Passive P DES Passive P DES Passive P
treated treated treated treated treated treated
N=885 N=1,586 N=760 N=992 N=2,691 N=2,466
Number of diseased vessels
1 vessel 46.4% 42.5% 0.033* 40.7% 41.3% 0.776* 45.4% 47.1% 0.250*
2 vessel 31.0% 32.3% 33.8% 33.6% 33.0% 31.8%
3 vessel 22.0% 25.1% 25.0% 24.6% 21.3% 20.6%
Number of segments treated
1 segment 74.6% 79.4% 0.003* 66.2% 71.0% 0.011* 62.5% 69.4% <0.001*
2 segments 19.5% 17.3% 23.3% 22.7% 24.6% 22.6%
At least 3 segments 5.9% 3.3% 10.5% 6.4% 12.9% 8.0%
Number of stents placed
1 stent 79.4% 83.7% 0.006* 71.2% 76.8% 0.003* 68.4% 74.2% <0.001*
2 stents 16.3% 13.7% 20.7% 19.0% 21.4% 19.7%
At least 3 stents 4.3% 2.6% 8.2% 4.2% 10.2% 6.1%
* Cochran-Armitage test for trend
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The percentages below the bars represent the relative use of DES vs. passive stents per vessel treated
Figure 2. The relative percentage of vessels treated either with a passive stent of DES.
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STEMI patients had intervention to the LMS and these represented
the smallest percentages of any diseased vessel being treated
(51%, 53% and 32% respectively). The amount of patients with
treated coronary grafts was equally small, 2.3% in electives, 3.3%
in NSTEMI-ACS and 0.6% in STEMI patients. But unlike the other
vessels, the relative percentage of diseased grafts being treated
seemed to increase with clinical instability from 44%, 60% to 71%
in electives, NSTEMI-ACS and STEMI patients respectively.

The relative use of DES vs. passive stents per
vessel treated

It is useful to know the relative amount of DES to passive stent
used to treat a diseased vessel as a physician might have placed
more importance on DES in certain clinical settings or vessels. As
such in patients in whom RCA was treated, overall relatively less
DES compared to passive was used (44% in electives, 37% in
NSTEMI-ACS and only 31% in STEMI) (Figure 2). Much more
importance was however placed on DES in the treatment of the
LAD and LMS. In elective and NSTEMI-ACS patient populations,
the relative percentage of DES used was 60% and 51%
respectively for the LAD and 71% and 70% respectively for the
LMS. In the STEMI patients the relative amount of DES to passive
stents remained low for the LAD (41%) and the LCx (33%)
although relatively more was used for the LMS (53%) and
coronary grafts (50%). Similarly, lower percentages of DES were
also used to treat the LCx in NSTEMI-ACS (37%), and STEMI
(33%) with only 47% used in electives. Similar amounts (51%,
49% and 50%) were used to treat coronary grafts in elective,
NSTEMI-ACS and STEMI patients.

Lesions treated

Amongst the 15,453 documented lesions treated with a stent or
balloon angioplasty, the vast majority were type B (59.0%), followed
by 27.7% type C and 13.3% type A lesions. The LAD had the most
treated lesions (39.9%), then the RCA (33.7%), the LCx (23.0%),
with LMS and bypass grafts each representing 1.7%. There were
5.9% in-stent restenotic (ISR) lesions and 13.4% lesions classed as
bifurcations. Prior to treatment, 59.1% had TIMI 3 flow with 19.2%
having TIMI O, after treatment TIMI 3 flow was achieved in 93.7%
with TIMI O reduced to 2.0%. Type C lesions had the least TIMI 3
flow (39.2%) and showed the maximal change, 88.3% following
PCI. Direct stenting was undertaken in 43% of all stented lesions
with the most used (63.7%) in type A. The use of direct stenting
decreased with lesion complexity with 46.7% for type B and only
25.4% in type C.

The relative use of DES vs. passive stents per
lesion treated

With regard to the choice of stent, a passive stent was implanted in
45.7%, a DES in 43.6% and no stent in 10.7% of the 15,453
treated lesions. This meant that overall 92% of type A, 90% of type
B and 87% of type C significant lesions was stented. In the group of
patients treated with either DES of passive stents, 12,580 lesions
were stented in total. Of these stented lesions, 34% of type A and
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Figure 3. Relative percentage of DES in 12,580 stented lesions.

47% of type B lesions were treated with a DES with relatively more
DES (58%) used to treat type C lesions; these represented 5%,
28% and 16% respectively of all stented lesions (Figure 3).

In terms of the clinical settings, type B lesions were highest amongst
elective patients (59.9%) over what was noted in NSTEMI-ACS
(58.4%) and STEMI (58.1%), with the relative percentage of DES
used being 54%, 43% and 33% respectively (Figure 4). Stented
type C lesions (24.6% in electives, 26.6% in NSTEMI-ACS and
33.4% in STEMI), had more DES used in electives (64%) and
NSTEMI-ACS (56%), but less so in STEMI (48%). The tendency to
treat STEMI patients with relatively less DES was also observed in
other complex lesions such as bifurcations and patients with in-
stent restenoses (ISR).

In elective patients, the percentage of ISR and bifurcation lesions
was 5.0% and 12.9% respectively and DES usage in these lesions
were 83% and 67% compared to passive stents. A similar finding
was observed in NSTEMI-ACS, where ISR and bifurcations were
found in 4.9% and 12.9% of the lesions and in 83% and 56% of
the cases where respectively a DES was used. This was unlike
STEMI patients in which there was only 2.0% ISR and 10.6%
bifurcations and where they had relatively less DES usage in these
lesions compared to the other groups (50% and 43% respectively).
In all clinical settings, type A lesions were treated with relatively less
DES, 39% in electives, 34% in NSTEMI-ACS and 15% in STEMI
patients. In terms of the statistical differences between the lesions
stented with DES and passive stents, significantly more passive
stents were used to treat lesions in the RCA and significant more
DES for those in the LAD and LMS (Table 4). More DES were used
for the lesions in LCx except in the STEMI population. There was no
significant difference noted in the treatment of lesions in coronary
bypass grafts. Spanning lesion complexity, significant differences
were noted between the two stents, with significantly more passive
stents used in the simpler lesions (type A and B) and more DES in
the complex ones (type C, ISR and bifurcations).
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Figure 4. The relative percentage of stented lesions treated with a DES.

Stent/balloon diameter and DES use

The use of DES and passive stent/balloon size varied with the
clinical scenario. In electives, 66.2% of the stented lesions were
treated with a stent that was <3 mm and of these 58% used a DES.
In NSTEMI-ACS and STEMI stents <3 mm were used in 65.8% and
59.3% of lesions respectively, but unlike electives there was
relatively less DES used compared to passive stents (47% in
NSTEMI-ACS and 34% in STEMI). Larger stents sizes (>3 mm)
were used in 34% of elective, 34% of NSTEMI-ACS and 41% of
STEMI. However, with stents >3 mm far less lesions were treated
with a DES (40% in electives, 35% in NSTEMI-ACS and 23% in
STEMI), relative to a passive stent. It therefore implied that for

smaller calibre vessels lesions were more likely to be treated with a
DES if they were stable and with a passive stent if they were
unstable or had a larger than 3 mm calibre (Table 4).

The use of diagnostic and other therapeutic
devices

In the treated patient population (N=10,982) diagnostic devices
were used in only 4.1% of the cases. The use of intravascular
ultrasound (IVUS) was, in general, low (1.8%) as it was only used in
1.0% STEMI, 1.1% NSTEMI-ACS and 2.4% of elective patients.
Electives had the most pressure wire studies (1.7%), followed by
NSTEMI-ACS (1.1%) and STEMI (0.4%). Cutting balloon (2.3%)

Table 4. The characteristics of lesions treated with DES and passive stents (N=12,580).

STEMI NSTEMI-ACS Elective
Patients DES Passive P DES Passive P DES Passive P
treated treated treated treated treated treated
N=1,120 N=1,894 N=1,070 N=1,276 N=3,938 N=3,282
Vessel
RCA 36.3% 45.8% <0.001 24.9% 33.5% <0.001 27.9% 38.6% <0.001
LMS 1.4% 0.7% 0.044 4.1% 1.3% <0.001 2.3% 1.1% <0.001
LAD 48.2% 38.1% <0.001 46.0% 34.0% <0.001 45.5% 32.0% <0.001
LCx 13.2% 15.0% 0.178 22.4% 28.7% <0.001 22.6% 26.2% <0.001
Bypass 0.9% 0.5% 0.162 2.6% 2.6% 0.963 1.7% 2.1% 0.283
Lesion characteristics
Type A 3.4% 11.4% <0.001* 11.3% 18.1% <0.001* 11.2% 20.7% <0.001*
Type B 52.4% 61.4% 55.9% 60.4% 59.9% 59.9%
Type C 44.2% 27.3% 32.8% 21.5% 28.9% 19.4%
In-stent restenosis 2.7% 1.6% 0.037 9.0% 1.5% <0.001 7.6% 1.9% <0.001
Bifurcation involved 12.8% 9.4% 0.004 15.9% 10.5% <0.001 15.8% 9.4% <0.001
Maximal stent/ balloon size
0-2 mm 0.4% 0.9% <0.001** 0.2% 0.5% <0.001** 0.5% 1.0% <0.001**
2-3 mm 67.4% 54.9% 71.8% 60.7% 73.4% 57.0%
3-4 mm 31.2% 43.1% 27.3% 36.7% 25.3% 40.5%
>4 mm 1.0% 1.1% 0.7% 2.1% 0.9% 1.6%
Direct stenting 37.2% 41.5% 0.021 37.0% 47.2% <0.001 38.8% 51.2% <0.001
* Cochran-Armitage test for trend; ** Mann-Whitney U-test
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was the most employed therapeutic device, used in 3.4% of elective
patients, 1.9% of NSTEMI-ACS and 0.2% of STEMI patients. The
use of intra-aortic balloon pump (IABP) was also low (1.8%) and
was mostly limited to STEMI patients (4.2%) with smaller numbers
used in NSTEMI-ACS (1.7%) and elective patients (0.8%). It was
not surprising to find that although thrombectomy devices usage
was also low (2.1%), the majority was used in STEMI patients
(7.2%) with only 1.3% in NSTEMI-ACS and negligible amounts in
electives (0.2%). In electives and STEMI, significantly more
diagnostic devices were used in DES treated patients compared to
passive stented patients (Table 5). In terms of individual diagnostic
device, IVUS was used in significantly more DES treated elective
and STEMI patients. Pressure wire usage was also more significant
in electively treated DES patients. There were no significant
differences noted in other diagnostic device used (flow wire and
angioscopy) between DES and passively stented patients. In terms
of therapeutic device usage, significantly more elective passively
stented patients used an intra-aortic balloon pump (IABP). The
reverse however was observed in NSTEMI-ACS patients, where
IABP usage was slightly more in the DES treated population. In all
clinical settings DES treated patients more underwent
thrombectomy and there was more rotablation performed in DES
treated electives.

PCI results and patients outcome

Elective patients had the least periprocedural complications (3.8%)
and that this increased with clinical severity, NSTEMI-ACS (7.0%)
and STEMI (13.1%). The two major complications noted were side-
branch occlusion and no flow/slow flow in the vessel. Side branch

occlusion occurred in 1.4% STEMI patients, 1.7% NSTEMI-ACS
and 1.0% electives with no flow/slow flow occurring in 4.6%, 1.4%
and 1.2% in the same patient categories. Cardiac pacing was
mostly used in STEMI patients (2.5%) with relatively lower numbers
of patients requiring pacing in NSTEMI-ACS (0.4%) and electives
(0.1%). Tamponade, cardiogenic shock induced by the procedure
and allergic reactions all occurred in less than 1% of patients within
each subgroup. However, STEMI patients understandably had more
cardiac arrest (2.0%) compared to NSTEMI-ACS (0.8%) and
electives (0.3%). Coronary artery bypass grafts were planned in
2.0% of STEMI with 1.2% in NSTEMI-ACS and 0.7% in electives.
Emergency bypass surgery was performed in 0.4% of STEMI, 0.2%
of NSTEMI-ACS and 0.1% of elective patients.

In assessing the difference between stent usages it was interesting
to note that only in STEMI patients were DES complications
significantly less compared to passive stents (10.3% vs. 13.6%
p=0.019). This may be because distal embolisation was more
common in STEMI patients treated with a passive stent (2.4% vs.
0.8% p=0.008). Apart from these differences there was no other
single procedural complication that was significantly more common
in DES or passive stents, including stent thrombosis during the first
two post-procedural days. The frequency of acute stent thrombosis
was highest in STEMI (1.3%) and lower in electives (0.2%) and
NSTEMI-ACS (0.1%).

In addition, post-procedural re-infarction was equally low (2.0%)
occurring mostly in unstable patients (3.3% of NSTEMI-ACS and
3.2% of STEMI) and less so in the stable elective patients (1.1%)
(Table 5). A significant difference in post-procedural non-fatal Ml
between DES and passive stented patients was only observed in

Table 5. The device usage and immediate outcome in DES and Passive stented patients.

STEMI NSTEMI-ACS Elective
Patients DES Passive P DES Passive P DES Passive P
treated treated treated treated treated treated
N=885 N=1,586 N=760 N=992 N=2,691 N=2,466
Diagnostic devices
Diagnostic device used 3.4% 1.3% <0.001 4.3% 3.6% 0.483 8.0% 2.3% <0.001
vus 2.6% 0.1% <0.001 1.5% 0.7% 0.129 4.3% 0.8%  <0.001
Pressure wire 0.3% 0.4% 0.841 1.2% 1.2% 0.889 2.6% 0.7%  <0.001
Therapeutic devices
Therapeutic device used 14.3% 11.6% 0.051 7.4% 5.4% 0.084 6.1% 4.9% 0.060
Distal protection 0.8% 0.8% 0.963 0.6% 0.4% 0.694 0.2% 0.3% 0.739
Balloon Pump 3.9% 4.0% 0.942 1.7% 1.1% 0.282 0.4% 1.3%  <0.001
Thrombectomy 9.4% 5.4% <0.001 2.2% 0.8% 0.019 0.4% 0.0% 0.003
Rotablator 0.0% 0.0% 0.3% 0.3% 0.880 0.4% 0.1% 0.038
Immediate outcome
Periprocedural complications 10.3% 13.6% 0.019 5.3% 6.4% 0.340 3.6% 3.3% 0.586
Segment closure 0.6% 0.7% 0.803 0.6% 0.6% 0.827 0.5% 0.4% 0.731
Occluded side branch 1.5% 1.4% 0.825 1.5% 1.6% 0.909 1.0% 1.0% 0.788
Distal embolisation 0.8% 2.4% 0.008 0.6% 1.0% 0.365 0.1% 0.2% 0.680
Stent thrombosis 48h 1.4% 0.7% 0.114 0.0% 0.1% 0.407 0.1% 0.2% 0.483
Major bleeding 1.9% 2.1% 0.718 1.3% 1.3% 0.943 0.9% 0.4% 0.063
Dead at discharge 4.5% 5.2% 0.474 0.8% 1.9% 0.049 0.3% 0.2% 0.315
Length of stay (days, median) 4.0 5.0 <0.001 2.0 2.0 0.009 1.0 1.0 0.006
Raised biomarker 47.2% 59.6% <0.001 17.2% 24.4% <0.001 6.0% 4.9% 0.100
Non-fatal post PCI Re- MI 2.5% 2.7% 0.869 1.9% 3.7% 0.026 1.4% 1.0% 0.163
MACCE 6.9% 8.0% 0.316 3.0% 6.4% 0.001 1.7% 1.3% 0.236
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NSTEMI-ACS patients. The overall in-hospital mortality in this
population of treated patients in Europe (N=10,982) was 1.8%,
consisting of 5.2% in STEMI, 1.8% in NSTEMI-ACS and only 0.3%
in elective patients. In the stented population (N=9,380), the overall
mortality was 1.7% with STEMI (4.9%), NSTEMI-ACS (1.4%) and
electives (0.2%). Fifty-four patients (1.2%) in the DES treated
population and 105 (2.1%) of the passive stented patients died in
hospital resulting in a significant difference between the two types of
stents overall (p=0.002). After adjustment for indication group, age,
current smoking, history of CAD and hypertension this significance
was however lost (adjusted OR=0.88, 95%-Cl| 0.63-1.24, p=0.47).
On subgroup analysis, no significant difference in in-hospital
mortality was seen in electives or STEMI patients treated with either
a DES or a passive stent. But, NSTEMI-ACS patients treated with
DES had marginally better in-hospital mortality (0.8% vs. 1.9%
p=0.049) (Table 5). A trend was still present in the age-adjusted
odds-ratio (OR=0.45 95%-Cl 0.18-1.13, p=0.09). In hospital
MACCE (N=10982) that took into account mortality, Ml and
cerebrovascular accidents (CVA) were, as expected, highest in
STEMI (7.8%) and lowest in electives (1.4%) with NSTEMI-ACS
having a MACCE rate of 5.4%. The MACCE reflected the results
observed with MI, where a significant difference between DES and
passively stented (3.0% vs. 6.4% p=0.001) was only observed in
NSTEMI-ACS patients. In both STEMI (6.9% vs. 8.0% p=0.316)
and elective (1.7% vs. 1.3% p=0.236) patients the MACCE rate was
relatively similar.

Limitations

This data is only reflective of the participating countries and centres
and does not include the total usage of stents per country. The data
presented was audited, prepared and statistically analysed by the
EHS. Treated lesions were not sub-categorised to a degree that
complete comparison between the specific lesion and SIRIUS,
TAXUS-IV and TAXUS-V was possible (reference diameter was not
supplied in the database, but final balloon size had to be used as a
proxy measure). This meant that guideline adherence could not be
accurately assessed in patients presenting with stable or unstable
angina.

Discussion

The use of DES in Europe varies markedly depending on the
country and the region. Consequently, we must take into account a
number of social and economic factors related to a country’s
healthcare when assessing the presented data. It is not surprising
therefore that passive stent usage predominates in Central Europe,
however, notably in this study, both Western and Northern
European countries together used less DES than the Mediterranean
countries. This may be because the current data biases countries
that were more prone to collect and submit clinical details and so
may not be truly representative across all borders. However, more
precise information will ultimately be available through the PCI
registry databases as member states and their hospitals continue to
submit their patient’s information. Nevertheless, the data currently
shows that there is more passive stent to DES use in the selective
acute and elective European patients during the period June 2005
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to December 2005. The fact that DES were used predominately in
electively treated patients and least in STEMI patients is in
accordance with the current ESC guidelines!?, as the trials which
formed the basis of these guidelines excluded patients with acute
infarcts. This may have been due to the perception that DES use in
STEMI was thought to be more thrombogenic and “less endothelial
friendly”2°. Also, in STEMI patients, the recurrence of angina due to
restenosis is low because of the already damaged myocardium, and
therefore the number of target lesion and target vessel
revascularisation (TLR/TVR) will be naturally reduced, thus
favouring passive stent usage. The fact that the EHS results showed
that in STEMI there was no over-representation of acute stent
thrombosis in DES over passively stented patients may add to this
debate. Acute thrombosis is more often associated with a
mechanical problem, such as the stent malapposition or a vessel
dissection rather than to the characteristic of the drug?!. However,
in the current climate, where reportedly there is 0.6% late stent
thrombosis in DES per annum, the long-term follow-up of all
patients regardless of their clinical presentation will be crucial in
defining the future role of DES therapy®. Two recent randomised
trials have compared the use of DES and BMS in STEMI. In the
PASSION trial there was no difference between the paclitaxel-
eluting stent (PES) and BMS in the primary composition end point
of death from cardiac causes, re-infarction requiring hospitalisation,
and ischaemia-driven TLR within 12 months??. A similar finding was
observed in the TYPHOON trial addressing sirolimus eluting stent
(SES) and BMS?. Although there was a significantly lower rate of
target-vessel failure (TVF) observed at one year (7.3% vs. 14.3%,
p=0.004), this difference was driven by a significant reduction in
the rate of TVR in the SES group, as compared with the BMS group
(5.6% vs. 13.4%, P<0.001) as the rates of death (2.3% in the
sirolimus-stent group and 2.2% in the BMS group) and re-infarction
(1.1% and 1.4%, respectively) were almost identical®®. In both
studies, one late stent thrombosis was reported and the data from
these two trials suggested that DES can be used safely in the setting
of primary PCl and are likely to reduce the need for repeated
revascularisation.

Interestingly, more DES were used in patients with previous PCI
presumably because it was thought that these patients were more
likely to have progression of their atherosclerotic disease in the
future and hence deserved a more “robust” treatment. There is
however growing evidence to support DES in the treatment of
ISR2324 and this was reflected by its high usage in elective and
NSTEMI-ACS restenotic cases (79% and 80%) with a lesser
amount in STEMI (57%). Uncontrolled trials comparing sirolimus
and paclitaxel stents showed reduction in restenotic rates®. But it is
also important to realise that the majority of stents used to treat ISR
were under-deployed after their initial implantation and that
significant gains can be achieved following high-pressure balloon
dilatation and IVUS guidance®?’. Despite this the use of diagnostic
devices including IVUS to aid stent implantation for ISR in Europe
was only 6.9%.

In accordance with current guidelines the larger vessels of 3.0-
4.0 mm in diameter were more significantly treated with a passive
stent whilst in vessels less than 3.0 mm a DES was used
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preferentially. There was a tendency to treat more LAD and LMS
with DES, probably because of their adjudged greater importance,
unlike the RCA where passive stents were more often used. This
was also illustrated by the use of more passive stents for type A
lesions. However, as lesion complexity increased preference for
a DES also increased, as exemplified by LMS, ISR and bifurcation
lesions across all clinical scenarios. But, the use of DES in this
setting is at an evidence rating lic and recent published data on SES
in bifurcations emphasised the persistent limitations related to the
routine stenting of the side branch?®. Also the stenting of the main
branch with balloon dilatation for the side-branch compared to
stenting for both branches showed no statistically significant
differences between the two strategies?®. With two or even three
layers of struts of DES apposed to the vessel wall (as with the crush
technique) there is the possibility of increased thrombogenicity and
the associated delayed endothelialisation may increase the risk of
thrombosis beyond 30 days.

Diabetic patients accounted for more than a quarter of the patients
with almost 60% of elective diabetics being treated with DES. The
view that DES may reduce the restenotic rate and complications in
diabetics may be somewhat premature as data from the
RESEARCH and T-SEARCH registries have revealed that PES, but
not SES, was superior to BMS in reducing major adverse cardiac
events and after propensity analyses, none of the differences
remained significant3°. Also, the incidence of stent thrombosis (ST)
was high in both DES groups at two years follow-up accounting for
4.4% of the SES patients (3.4% early ST) compared with 2.4% in
the PES group (2.0% early ST) and only 0.8% in the BMS group
(0.8% early ST). The e-Cypher registry also had over a quarter of
diabetics and showed that insulin-dependent diabetes was a
clinical predictor of stent thrombosis with SES3!. It is therefore not
surprising that in the current climate of stent thrombosis, prolonged
use of dual antiplatelet therapy is recommended and is sanctioned
by the FDAC. At 12 months about 60% of DES, and over one third
of passively stented patients, were still on clopidogrel. Prolongation
of treatment is probably reasonable as an observational study from
the Duke Heart Center on patients having clopidogrel for 12 months
had significantly lower rates of death or M| at 24 months compared
to patients not on dual anti-platelet treatment32. However, amongst
BMS treated patients the continuation of clopidogrel therapy for
12 months showed no difference in death and MI. It was therefore
reassuring to observe that only 1.6% of DES treated patients in the
EHS had clopidogrel for a month or less as recent data from a 19-
centre study of Ml-patients revealed that patients who stopped
thienopyridine therapy by 30 days were significantly more likely to
die during the next 11 months or to be re-hospitalised.
Percutaneous intervention in Europe has low overall in-hospital
mortality of 1.8% with understandably STEMI patients most at risk
(5.2%), least in electives (0.3%) and 1.8% in NSTEMI-ACS. We do
not have long-term follow-up data on the EHS but we do have 3-year
data on DES use in STEMI and electives from the T-SEARCH and
RESEARCH registries. They showed that in electives there is no
difference in MACCE between PES and SES, and favours DES over
BMS, but in STEMI the initial advantage DES over BMS is now being
reduced®.
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Conclusion

Overall more complicated lesions were treated with DES than
lesions used in the clinical trials for the current DES guidelines. The
importance of this is that the off-label use of DES in complex lesions
may create a bias in long-term outcome analysis due to the higher
risk of restenosis and thrombosis. Adherence to the guidelines was
not absolute in terms of dual platelet inhibitor treatment in view of
the attention drawn to late stent thrombosis. Patients with diabetes
or prior PCI, with their higher likelihood of restenosis, were
significantly more often treated with DES. Importantly, coronary
intervention with DES in Europe carried lower periprocedural
complications and in-hospital mortality, but there was no over
representation of acute stent thrombosis over passive stents even in
STEMI treated patients. Follow-up of these patients is eagerly
awaited to further refine the current guidelines.
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