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Abstract

Aims: Stent thrombosis is a serious complication of percutaneous coronary intervention (PCI). We
examined the incidence of stent thrombosis and other outcomes in patients treated with PCl and paclitaxel-
eluting stents (PES), sirolimus-eluting stents (SES) or bare-metal stents (BMS).

Methods and results: All patients who underwent PES, SES or BMS implantation from January 2002 to June
2005 were identified in the population-based Western Denmark Heart Registry. All were followed for
36 months. Cox regression analysis was used to estimate relative risk (RR), controlling for covariates.
A total of 12,374 patients were treated with stents: 1,298 with PES, 2,202 with SES and 8,847 with BMS.
The three-year incidence of definite stent thrombosis was similar in the DES group (1.1%) and in the BMS
group (0.7%) (adjusted relative risk [RR]: 1.24; 95% confidence interval [Cl]: 0.85-1.81). Very late definite
stent thrombosis occurred more frequently in DES-treated patients (adjusted RR: 2.89, 95% Cl: 1.48-
5.65). The three-year mortality rate did not differ significantly between the two groups. Target lesion
revascularisation (TLR) was lower in DES-treated patients than in BMS-treated patients (adjusted RR: 0.71,
95% Cl: 0.63-0.81).

Conclusions: An increased risk of very late definite stent thrombosis was observed in DES-treated patients
compared with BMS-treated patients, but a similar mortality was detected. TLR continued to be lower
among patients receiving DES.
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Introduction

The long-term effectiveness and safety of drug-eluting stents (DES)
in clinical practice (i.e., outside clinical trials) is controversial."®
Initially, the beneficial effects of DES did not seem associated with
adverse effects on safety.6® Although DES continue to be widely
accepted as safe and effective based on older randomised clinical
trial settings,?1° observational non-randomised studies have reported
increased risks of stent thrombosis, myocardial infarction (MI), and
death associated with DES compared to bare metal stents (BMS).31!
The rate of late stent thrombosis associated with unrestricted DES
use in real-world settings is 0.6% of patients per year.'?

The class effect of DES treatment remains an important question in the
BMS vs. DES controversy?, as there are major differences between the
first commercial DES product, the sirolimus-eluting Cypher stent
(SES), and the newer paclitaxel-eluting Taxus stent (PES).

In an earlier publication?, we observed an increased risk of very late
definite stent thrombosis 24 months after DES implantation, with an
annual rate of 0.2%, while the benefit of DES in reducing target
lesion revascularisation was maintained. We now have extended the
follow-up period to three years and have addressed the possible
DES class effect on safety and effectiveness and also examined
other predictors of stent thrombosis by reporting data separately for
patients treated with SES, PES and BMS in Western Denmark.

Patients and methods

Setting and design

We conducted this follow-up study using Western Denmark’s
healthcare registries and databases, which cover the region’s entire
population (approximately 3.0 million inhabitants; 55% of the
Danish population). All patients were followed for 36 months.
A detailed description of the databases has been published
previously*s.

Patients and procedures

We used the Western Denmark Heart Registry (WDHR) to identify
all percutaneous coronary interventions (PCl) recorded between
January 1, 2002 and June 30, 2005. For each patient we included
only the first PCI procedure performed during the study period (the
index procedure). We excluded patients treated with balloon
angioplasty or a combination of BMS and DES (n=645 [4.9%]).
Post-PCl antiplatelet regimens included lifelong acetylsalicylic acid
(75-150 mg daily) and clopidogrel with a loading dose of 300 mg
followed by 75 mg daily. Since November 2002, the recommended
duration of clopidogrel treatment has been 12 months for patients
receiving all stent types (regardless of DES type).

Endpoints

Study endpoints were time to stent thrombosis, MI, all-cause
mortality, cardiac death and target lesion revascularisation (TLR) as
previously reported!®. These events were ascertained from three
sources: the WDHR; the Danish National Patient Registry (DNPR)!4,
which maintains records on all hospitalisations in Denmark; and the
Danish Registry of Causes of Death!®.

We characterised types of stent thrombosis using the Academic
Research Consortium definition, with a modification for probable
stent thrombosis. 16

We defined a new MI as a hospitalisation for Ml occurring >28 days
after the index PCI.” We ascertained admissions and readmissions
for MI from the DNPR (ICD-10 codes 121-121.9)'* and deaths from
the Danish Civil Registration System.'® We validated the recorded
cause of death using original death certificates obtained from the
National Registry of Causes of Death, and classified deaths
according to their underlying cause.'®

From the WDHR we ascertained TLR, defined as a repeat PCl of the
index lesion or coronary artery bypass grafting (CABG).

Covariates

From the WDHR, we retrieved data on potential confounders and
other predictors of subsequent cardiovascular events. We also
obtained data from the DNPR* on all hospital diagnoses for each
patient and computed comorbidity scores using the Charlson
Comorbidity Index (CCI)!°, which covers 19 major disease
categories. Data on all key patient and procedure characteristics
were >95% complete, and ascertainment of endpoints (stent
thrombosis, death, Ml and TLR) was 100% complete.

Statistical analysis

Distributions of continuous variables in the two groups (DES or
BMS) were compared using either the two-sample t-test or the
Mann-Whitney test. We compared distributions of categorical
variables using the chi-square test.

Follow-up began on the date of the index PCI procedure. In
analyses with stent thrombosis, Ml or death as the outcome, follow
up continued until the date of the respective medical event, death,
emigration or until 36 months after implantation, whichever came
first. We constructed Kaplan-Meier curves for patients and lesions
treated with DES or BMS. We used the life-table method to compute
the 36-month cumulative incidence for each endpoint (proportion
of the population at risk with the outcome of interest). We used Cox
proportional-hazards regression analysis to estimate relative risk
(RR) for each endpoint. Since the hazards were not proportional
throughout the follow-up period, we estimated RRs within time
periods, during which the proportionality assumption held. The RR
in these analyses reflected the risk among patients alive and at risk
of a specific endpoint at the start of each time period (e.g., after
30 days or one year of follow-up). In all regression analyses, we
included age, sex, diabetes mellitus, clinical indication, procedure
duration, number of stents and comorbidity (and stent length and
the size of the reference vessel in the lesion-specific analyses).
All analyses were carried out using SAS software version 9.13 (SAS
Institute Inc., Cary, NC, USA).

Results

Descriptive data

The study encompassed 12,347 consecutive patients with 17,146
lesions. Of these, 3,500 patients with 5,417 lesions received DES,

-899 -

monline



Long-term outcome after coronary stenting

either SES (n=3,426 [63.2%]) or PES (n=1,991[36.8%]), and
8,847 patients with 11,729 lesions were treated with BMS. Baseline
patient, procedure, and lesion characteristics differed substantially
between the DES and BMS groups, but were similar in the SES and
PES groups (Tables 1 and 2).

Stent thrombosis
DEFINITE STENT THROMBOSIS

During a follow-up period of three years, definite stent thrombosis
occurred in 145 (1.2%) of 12,347 patients. The incidence of
definite stent thrombosis did not differ substantially between the
DES- and BMS-treated groups, with definite stent thrombosis
occurring in 58 lesions in 58 patients treated with DES (3-year
incidence=1.07%) and in 87 lesions in 87 patients treated with
BMS (3-year incidence=0.74%) (adjusted RR: 1.24, 95% Cl: 0.85-
1.81) (Figure 1). The incidence of acute, subacute and late definite
stent thrombosis also was similar in the DES and BMS groups. Very
late definite stent thrombosis occurred in 27 lesions in 27 patients
in the DES group (3-year incidence=0.52%) and in 17 lesions in 17
patients in the BMS group (3-year incidence=0.15%) (adjusted RR:
2.89, 95% Cl: 1.48-5.65) (Table 3).

Early stent thrombosis occurred with similar frequency in the SES
and PES groups (Figure 1, Table 3), but risks of very late stent
thrombosis differed. Very late definite stent thrombosis occurred in
14 lesions in 14 patients in the PES group (3-year incidence=

0.70%) and in 14 lesions in 14 patients in the SES group (3-year
incidence= 0.41%) (adjusted RR: 2.50; 95% Cl: 1.10-5.67). The
SES group did not differ significantly from the BMS group with
respect to very late definite stent thrombosis, whereas the PES
group had a substantially increased risk of this outcome (Table 3).

18- SES vs. BMS Adjusted RR 0.72, 95% CI (0.42-1.22)
] PES vs. BMS Adjusted RR 2.06, 95% CI (1.33-3.19)
1.64 PES vs. SES Adjusted RR 2.77, 95% Cl (1.53-5.03)
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Figure 1. Crude risk of definite stent thrombosis among patients treated
with SES vs. PES vs. BMS.

Table 1. Patient and procedure characteristics in patients treated with drug-eluting (DES) stents, including paclitaxel-eluting stents (PES)
and sirolimus-eluting stents (SES), or bare metal (BMS) stents in Western Denmark, January 2002 through June 2005.

BMS DES BMS vs. DES SES PES SES vs. PES

Number of patients - no. * 8,847 3,500 P<0.05 2,202 1,298 Ns
Male gender - no. (%)* 6,375 (72.1) 2,533 (72.4) P<0.05 1,571 (71.3) 962 (74.1) Ns
Age - years I 64.2+11.4 61.7+11.2 P<0.05 61.7+11.2 61.8+11.3 Ns
Smoking - no. (%)* 3,064 (34.6) 1,179 (33.7) P<0.05 722 (32.8) 457 (35.2) Ns
Diabetes mellitus - no. (%)* 982 (11.1) 593 (16.9) P<0.05 367 (16.7) 226 (17.4) Ns
Hypertension - no. (%)* 3,062 (34.6) 1,401 (40.0) P<0.05 868 (39.4) 533 (41.1) Ns
Previous CABG - no. (%)* 483 (5.5) 237 (6.8) P<0.05 142 (6.5) 95 (7.3) Ns
Previous PCI - no. (%)* 739 (8.4) 340 (9.7) P<0.05 211 (9.6) 129 (9.9) Ns
Previous MI - no. (%)* 2,338 (26.4) 791 (22.6) P<0.05 506 (23.0) 285 (22.0) Ns
Lipid-lowering TX - no. (%)* 3,322 (37.6) 1,731 (49.5) P<0.05 1,053 (47.8) 678 (52.2) Ns
Procedure time - minutes ¢ 22.0 (15.0-35.0) 25.0 (15.0-40.0) P<0.05 25.0 (15.0-40.0) 24.0 (15.0-37.0) Ns
Flouro time - minutes * 7.3 (4.2-12.4) 8.1 (4.9-14.0) P<0.05 8.2 (4.9-14.5) 8.0 (5.0-13.5) Ns
Contrast - ml + 125.0 (90.0-200.0) 130 (90.0-200.0) P<0.05 135 (90.0-200.0) 130 (90-200) Ns
Number of treated lesions - no. * 1.0 (1.0-2.0) 1.0 (1.0-2.0) P<0.05 1.0 (1.0-2.0) 1.0 (1.0-2.0) Ns
Indication for PCI* P<0.05 P<0.05

Stable AP - no. (%) 2,974 (33.6) 1,585 (45.3) 1,049 (47.6) 536 (41.3)

Non-STEMI/UAP - no. (%) 2,710 (30.6) 1,042 (29.8) 631 (28.7) 411 (31.7)

STEMI - no. (%) 2,946 (33.3) 759 (21.7) 455 (20.7) 304 (23.4)

Other - no. (%) 217 (2.5) 114 (3.3) 67 (3.0) 47 (3.6)
Comorbidity index score -no. (%)* P<0.05 P<0.05

0 5,403 (61.1) 2,029 (58.0) 1,280 (58.1) 549 (42.3)

1-2 2690 (30.4) 1105 (31.6) 718 (32.6) 387 (29.8)

3+ 754 (8.5) 366 (11.5) 204 (9.3) 162 (12.5)

*Comparison made using the chi-square test; 1Mean (standard deviation). Comparison made using the t-test; *Median (25%-75% percentiles). Comparison

made using the Mann-Whitney test.
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Table 2. Lesions treated with drug-eluting (DES) stents, including paclitaxel-eluting stents (PES) and sirolimus-eluting stents (SES), or
bare metal stents in Western Denmark, January 2002 through June 2005.

BMS DES BMS vs. DES SES PES SES vs. PES

Number of lesions - no. 11,730 5,417 3,426 1,991
Vessel * P<0.05 P<0.05

RCA - no. (%) 4,684 (39.9) 1,385 (25.6) 835 (24.4) 550 (27.6)

LAD - no. (%) 4,258 (36.3) 2,810 (51.9) 1,828 (53.4) 982 (49.3)

LCX - no. (%) 2,680 (22.9) 1,034 (19.1) 680 (19.9) 354 (17.8)

LM - no. (%) 98 (0.8) 188 (3.5) 83 (2.4) 105 (5.3)
Saphenous vein graft - no. (%)* 134 (1.1) - P<0.05 - - Ns
Lesion length - mmd 12.0 (10.0-16.0)  14.0 (10.0-20.0)  P<0.05  15.0 (10.0-20.0)  12.0 (10.0-20.0)  P<0.05
Lesion type - no. (%)* P<0.05 P<0.05

B2/C 2,260 (19.3) 2,101 (38.8) 1,383 (40.4) 718 (36.1)
Restenotic lesion - no. (%)* 118 (1.0) 129 (2.4) P<0.05 76 (2.7) 53 (2.9) Ns
Stent length - mm 9 15.0 (12.0-18.0)  18.0 (13.0-24.0)  P<0.05  18.0 (13.0-23.0) 16 (12-24) P<0.05
Stent number - no.1 1.0 (1.0-1.0) 1.0 (1.0-1.0) P<0.05 1.0 (1.0-1.0) 1.0 (1.0-1.0) P<0.05
Max balloon pressure - atm ¥ 15.0 (12.0-18.0) 15.0 (14.0-18.0) P<0.05 16.0 (14.0-19.0) 15.0 (12.0-18.0) P<0.05
Max balloon diameter — mm 9 3.5 (3.0-3.8) 3.3 (3.0-3.7) P<0.05 3.2 (3.0-3.5) 3.4 (3.0-3.7) P<0.05
Reference segment - mm ¥ 3.3 (3.0-3.7) 3.1 (2.9-3.5) P<0.05 3.0 (2.8-3.5) 3.3 (3.0-3.7) P<0.05
Minimum lumen diameter — mm 9 0.3 (0.0-0.7) 0.3 (0.0-0.7) Ns 0.3 (0.0-0.6) 0.3 (0.0-0.7) P<0.05
Stenosis - % of luminal diameter 9 90.0 (88.0-99.0)  90.0 (80.0-99.0)  P<0.05  90.0 (80.0-99.0)  90.0 (80.0-99.0) Ns

*Comparison made using the chi-square test. 9Median (25%-75% percentiles). Comparison made using the Mann-Whitney test.

Table 3. Incidence rate and relative risk (RR) of definite stent thrombosis in lesions treated with drug-eluting stents (DES) (n=5,422),
including paclitaxel-eluting stents (PES) and sirolimus-eluting stents (SES) (SES=3,426 and PES=1,991), or bare metal stents (n=11,730)
in Western Denmark, January 2002 through June 2005.

BMS DES SES PES DES vs. BMS SES vs. BMS PES vs. BMS PES vs. SES
No. of No. of No. of No. of RR* (95% CI) RR* (95% CI) RR* (95% CI) RR* (95% CI)
events events events events
Al 87 58 27 31 1.24 (0.85-1.81)  0.72 (0.42-1.22)  2.06 (1.33-3.19)  2.77 (1.53-5.03)
(0.7%) (1.1%) (0.8%) (1.6%)
Acute (24 hours) 12 8 5 1.21(0.37-3.94)  1.04 (0.22-4.88)  1.48 (0.32-6.83)  1.23 (0.16-9.32)
1 day - < 30 days 46 15 7 8 0.63 (0.33-1.20)  0.45 (0.18-1.08)  0.94 (0.42-2.14)  2.25 (0.75-6.74)
30 days - <1 year 12 8 1 7 1.19 (0.43-3.27) - 3.25 (1.20-8.79) -
>1 year - 2 year 5 13 4 9 4.83 (1.62-14.40) 1.78 (0.37-8.45) 5.12 (1.37 - 1.92) 9.15 (2.94-28.5)
>2 year - 3 year 12 14 10 4 2.00 (0.83-4.81) 1.83 (0.67 -4.98) 1.90 (0.58 - 6.24) 1.07 (0.31-3.70)
>1 year 17 27 14 13 2.89 (1.48-5.65) 1.81(0.78-4.20)  4.23 (1.97-9.09)  2.31 (1.01-5.32)

* In the regression analyses, we included age, sex, diabetes mellitus, indication, procedure duration, stent length, the size of the reference vessel, number

of stents and comorbidity.

Predictors of overall definite stent thrombosis were ST-segment
elevation myocardial infarction (STEMI) at the time of stent
implantation (RR: 2.86, 95% Cl: 1.83-4.48), stent length (RR per
mm increase: 1.03, 95% Cl: 1.00-1.05), use of PES (RR: 1.81,
95% Cl: 1.16-2.84), age (RR: 0.97 per one year increase, 95% Cl,
0.96-0.99) and reference vessel diameter (RR: 0.66 per mm
increase, 95% Cl: 0.47-0.93). Presence of diabetes mellitus did not
predict definite stent thrombosis (RR: 0.87, 95% Cl: 0.39-1.90).
The only predictors of stent thrombosis occurring within 30 days
were STEMI (RR 3.54, 95% CIl: 1.92-6.50) and stent length (RR
1.03 per mm increase, 95% Cl: 1.00-1.06). Factors associated with
an increased risk of stent thrombosis after 30 days were STEMI
(RR: 2.10, 95% Cl: 1.07-4.10), age (RR: 0.96 per one year
increase, 95% Cl: 0.94-0.98) and use of PES (RR: 3.87, 95% Cl:
2.08-7.18).

DEFINITE STENT THROMBOSIS AND ANTIPLATELET THERAPY
Among the 145 patients who developed definite stent thrombosis,
93 (64.1%) were being treated with dual antiplatelet therapy
(aspirin and clopidogrel) at the time of the thrombotic event. In the
44 patients with very late stent thrombosis, four patients (9%) were
receiving dual antiplatelet therapy, 34 patients (77%) were being
treated with aspirin only, and six patients (14%) had discontinued
both aspirin and clopidogrel.

Definite, probable or possible stent thrombosis

Definite, probable or possible stent thrombosis was found in 100
patients treated with DES (3-year incidence=2.8%), and in 265
patients treated with BMS (3-year incidence=3.0%). After controlling
for covariates, the risk of stent thrombosis (definite, probable or
possible) did not differ between the DES and BMS groups.

-901 -

monline



Long-term outcome after coronary stenting

Mortality

All-cause (Figure 2) and cardiac 3-year mortality was lower among
DES-treated than BMS-treated patients. After controlling for
covariates, this difference disappeared (Figure 2, Table 4). Mortality

] Adjusted RR 1.24, 95% CI (0.85-1.81)
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Figure 2. Crude risk of all-cause mortality among patients treated with

PES, SES or BMS.

after definite stent thrombosis averaged 8.2% at one year: 11.1%
among patients suffering from early definite stent thrombosis vs.
4.7% in patients suffering from late definite stent thrombosis
(Figure 3). During the entire 3-year observation period, 21 patients
suffering from definite stent thrombosis subsequently died. Death
after the diagnosis of definite stent thrombosis thus occurred in 0.2%
of the entire population and accounted for 1.7% of all 1,243 deaths.

Myocardial infarction

The 3-year incidence of Ml was higher in the DES group (6.1%)
than in the BMS group (4.8%). After controlling for covariates, the
DES group continued to be at higher risk of MI (adjusted RR: 1.29,
95% Cl: 1.08-1.52). This increase in Ml risk was observed in both
the SES and the PES groups compared to the BMS group (Table 4).

Target lesion revascularisation

TLR occurred less frequently among DES- than among BMS-treated
patients (3-year incidence=6.9% vs. 8.6%). After controlling for
covariates, the absolute risk reduction among patients in the DES

Mortality for ST (%)

— Early ST
--- Late ST

— T To" T "

Follow-up (months) ’
Figure 3. Crude risk of cumulative incidence of death after one year in
patients (in days after definite stent thrombosis) with early (<30 days)
or late (=30 days) definite stent thrombosis.

12

Table 4. Relative risk (RR) estimates for death, myocardial infarction, stent thrombosis (ST) (definite, probable and possible) and target
lesion revascularisation (TLR) among patients treated with bare metal stents (n=8,847) or drug-eluting stents (n=3,500) including
paclitaxel-eluting stents (PES) and sirolimus-eluting stents (SES) in Western Denmark, January 2002 through June 2005.

BMS DES SES PES DES vs. BMS SES vs. BMS PES vs. BMS PES vs. SES
No. of events No. of events No. of events No. of events RR* (95% CI)  RR* (95% CI)  RR* (95% CI)  RR* (95% CI)
All-cause death 937 (10.6) 306 (87)  180(8.1) 126 (9.7)  0.94(0.82-1.08)  0.90 (0.76-1.06)  1.02 (0.84-1.23) 1.12 (0.89-1.42)
<12 months 504 (5.7) 139 (4.0) 81 (3.7) 59 (4.5 0.84 (0.69-1.01) 0.82 (0.64-1.04)  0.89 (0.67-1.17)  0.89 (0.63-1.25)
>12 months 433 (5.2) 167 (5.0) 99 (45) 68 (5.2 1.06 (0.88-1.27)  0.98 (0.78-1.24)  1.20 (0.92-1.55)  1.16 (0.84-1.59)
Cardiac death 479 (5.4) 137 (3.9) 90 (4.1)  47(3.6)  0.87 (0.71-1.06)  0.94 (0.74-1.19)  0.76 (0.56-1.04) 0.79 (0.55-1.14)
<12 months 343 (3.9) 87 (2.5) 56 (2.5)  31(24)  0.82(0.64-1.05)  0.88 (0.65-1.17)  0.74 (0.51-1.07) 0.82 (0.52-1.28)
Myocardial infarction 427 (4.8) 214 (6.1) 125 (5.7) 89 (6.8 1.29 (1.08-1.52) 1.23 (1.00-1.51) 1.38 (1.09-1.74)  1.14 (0.86-1.51)
28 days - 12 months 234 (2.6) 87 (2.5) 51(2.3)  36(28 0.97 (0.75-1.26)  0.98 (0.72-1.34)  1.02 (0.71-1.48)  1.00 (0.64-1.56)
>12 months 193 (2.2) 127 (3.9) 74 (35) 53 (41 1.65 (1.31-2.08) 151 (L.14-1.99)  1.86 (1.36-2.54) 1.25 (0.87-1.78)
Probable ST 69 (0.8) 11(0.3) 6(0.3) 5 (0.4 0.59 (0.31-1.13)  0.53 (0.23-1.24)  0.66 (0.26-1.66)  1.29 (0.39-4.25)
Possible ST 116 (1.3) 38 (1.1) 23(1.0)  15(1.2)  0.83(0.56-1.21)  0.83 (0.52-1.32)  0.84 (0.48-1.45) 1.03 (0.53-1.99)
AlLST 265 (3.0) 100 (2.8) 50 (2.3) 50 (3.8 1.03 (0.81-1.30)  0.84 (0.62-1.15)  1.32 (0.96-1.80)  1.60 (1.08-2.39)
TLR 1006 (8.6) 376 (6.9 219 (6.4) 157 (7.9) 0.71 (0.63-0.81) 0.61 (0.52-0.72) 0.86 (0.73-1.03)  1.39 (1.12-1.72)

* In all regression analyses, we included age, sex, diabetes mellitus, indication, procedure duration, number of stents and comorbidity. In the lesion-specific
analyses focusing on target lesion revascularisation (TLR), we also adjusted for stent length and the size of the reference vessel.
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group compared with the BMS group was 29% (adjusted RR: 0.71,
95% Cl: 0.63-0.81). In the SES group the risk reduction was 39%
compared to the BMS group (adjusted RR: 0.61, 95% ClI: 0.52-
0.72), and in the PES group the risk reduction was 14% compared
to the BMS group (adjusted RR: 0.86, 95% Cl: 0.73-1.03).

Discussion

In a real-world clinical setting with 3-year follow-up, patients treated
with either DES or BMS had similar rates of definite stent
thrombosis and mortality rates, while the DES group was at
increased risk of MI. Moreover, the risk of very late definite stent
thrombosis was elevated in DES-treated patients, mainly because of
event rates in patients treated with PES. Finally, PES proved inferior
to SES, and similar to BMS, in reducing TLR.

Very late definite stent thrombosis occurred at a steady annual rate
of 0.2% in DES-treated patients, with no evidence of diminution
after three years of follow-up. The rate of very late definite stent
thrombosis found in our study was slightly lower than that in the
Bern-Rotterdam Registry?®; the latter reported a steady annual rate
of 0.4% to 0.6% for up to four years. Among DES-treated patients
included in the Swedish Coronary Angiography and Angioplasty
Registry (SCAAR), an annual stent thrombosis rate of 0.5% was
reported during two years of follow-up.®> One obvious difference
between treatment strategies among patients followed in these
three registries is duration of the antiplatelet regimen; patients in the
WDHR received longer dual antiplatelet therapy compared to
patients in the Bern-Rotterdam Registry?® and the SCAAR.®

STEMI at the time of stent implantation, stent length, use of PES,
younger age and reference vessel diameter were other predictors of
overall definite stent thrombosis, whereas STEMI, younger age and
use of PES were associated with an increased risk of late stent
thrombosis. The same three variables (STEMI, younger age and use
of PES) were found to be associated with late stent thrombosis in
the Bern-Rotterdam Registry.?°

Registry data and meta-analyses?'** compensate for the lack of
adequately powered randomised clinical endpoint trials comparing
BMS with DES, particularly by type of DES stent.?>? When we
compared SES and PES with BMS, use of PES was associated with
more than a fourfold increase in very late definite stent thrombosis,
whereas SES was associated with a non-significant 1.8-fold
increase. The risks of definite stent thrombosis and very late definite
stent thrombosis were elevated in PES-treated patients compared
with SES-treated patients. Meta-analyses have reported a higher
rate of very late definite stent thrombosis among patients receiving
SES and PES, compared with those receiving BMS. Similar to the
findings in our study, Kastrati et al’ found that PES, as compared to
SES, significantly increased the risk of stent thrombosis and
reintervention without significantly impacting risk of death.

Our data extend former research. In their meta-analysis of 38
randomised trials on BMS, PES and SES, Stettler et al found no
significant differences in overall risk of definite stent thrombosis
(O days to four years), but the risk of late definite stent thrombosis
(>30 days) was higher among patients receiving PES, compared to
BMS (HR 2.11, 95% confidence interval 1.19-4.23) and SES (HR
1.85, Cl 1.02-3.85).27 Bavry et al reported a similar finding® in a
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meta-analysis of 14 contemporary clinical trials with patients
randomised to PES or SES vs. BMS. Their observed rate of very late
thrombosis was 5.0 events per 1,000 patients treated with DES and
no events in patients treated with BMS (3.6 events per 1,000 SES-
treated patients and 5.9 events per 1,000 PES-treated patients).
Until recently, DES was considered one stent type in registry studies!3?8,
and the effect of DES was considered a class effect. However, the drug
release kinetics, the drug itself, and polymer or other characteristics of
DES are likely to influence safety. The present study found that
effectiveness differed between both DES types and BMS: TLR was
reduced significantly in DES-treated patients compared to BMS-treated
patients. However, within the DES subtypes, SES reduced TLR
throughout the follow-up interval, while in PES-treated patients this
association became weaker after three years. Similarly, Stettler et al's
meta-analyses®?® reported a more pronounced reduction in TLR
among patients receiving SES stents than among those receiving PES
stents. The reintervention rate did not differ significantly between SES
and PES stents within the first 24 months in randomised trials powered
to evaluate this efficacy outcome.?®?® Although the SIRTAX trial®®
showed that the Cypher-treated patients fared better than Taxus-treated
patients at one year, this was no longer the case at five years. At the later
time point there was significant difference in major adverse cardiac
events (death, Ml or TLR) between the two stents (stent thrombosis was
not an endpoint in the SIRTAX study: Annual Scientific Symposium of
Transcatheter Cardiovascular Therapeutics [TCT] 2009 — Late breaking
clinical trial). Five-year results of the SIRTAX trial for mortality and Ml are
in line with our 3-year data. However, in contrast to the SIRTAX trial, we
found a sustained significant reduction in TLR in SES treated patients
after three years. A suggested “catch-up” phenomenon may exist with
first-generation stents as a result of delayed vascular healing. Newer
DES are being designed with the goal of enhancing safety, efficacy or
both as compared with the previous devices. The evidence base for
“next-generation” coronary stents has shown significantly reduced
rates of stent thrombosis and TLR in the large-scale, prospective
multicentre randomised SPIRIT IV trial (TCT 2009 — Late breaking
clinical trial; comparing the everolimus-eluting Xience V stent to the
paclitaxel-eluting Taxus Express stent) and in an all-comer population,
COMPARE trial®!, indicating that in real-world clinical settings,
implantation of the everolimus-eluting Xience V stent significantly
reduced major adverse cardiac events compared to the paclitaxel
eluting Taxus Liberté stent. Superiority of the everolimus-eluting Xience
V stent stemmed mainly from less early stent thrombosis and reduced
TLR at one year follow-up.

Study limitations

Our observational study has several limitations. The validity of our
findings depends on data quality and the ability to control for potential
confounding. Our design is based on computerised registries with
complete nationwide coverage, enabling study of a well-defined, large
population with complete follow-up. Like all non-randomised studies,
our study is prone to biases from non-random assignment of stent
type and from uncontrolled confounding. However, we controlled for
for a wide range of known confounding factors, our results may still be
confounded by unmeasured factors like any subjective choice of the
stent by the interventional cardiologist.
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Long-term outcome after coronary stenting

We collected data over a three-year period, during which the
prevalence of DES stent use rose from zero to 53%. In order to
reduce bias during this transition period, we followed every patient
for 36 months.

Conclusions

Our study showed an increased risk of very late definite stent
thrombosis and Ml in patients receiving a DES compared to a BMS.
Mortality, however, was similar in the two groups. Furthermore,
among subgroups of patients treated with DES, a beneficial effect
on TLR was maintained at 3-year follow-up for those receiving SES,
but not for those receiving PES.

References

1. Daemen J, Ong AT, Stefanini GG, Tsuchida K, Spindler H,
Sianos G, de Jaegere PP, van Domburg RT, Serruys PW. Three-year clin-
ical follow-up of the unrestricted use of sirolimus-eluting stents as part of
the Rapamycin-Eluting Stent Evaluated at Rotterdam Cardiology Hospital
(RESEARCH) registry. Am J Cardiol 2006;98:895-901.

2. Kaltoft A, Jensen LO, Maeng M, Tilsted HH, Thayssen P,
Bottcher M, Lassen JF, Krusell LR, Rasmussen K, Hansen KN, Pedersen L,
Johnsen SP, Sorensen HT, Thuesen L. 2-year clinical outcomes after
implantation of sirolimus-eluting, paclitaxel-eluting, and bare-metal coro-
nary stents: results from the WDHR (Western Denmark Heart Registry).
J Am Coll Cardiol 2009;53:658-664.

3. Lagerquist B, James SK, Stenestrand U, Lindback J, Nilsson T,
Wallentin L. Long-term outcomes with drug-eluting stents versus bare-
metal stents in Sweden. N Engl J Med 2007;356:1009-1019.

4. Mauri L, Silbaugh TS, Wolf RE, Zelevinsky K, Lovett A, Zhou Z, Resnic
FS, Normand SL. Long-term clinical outcomes after drug-eluting and bare-
metal stenting in massachusetts. Circulation 2008;118:1817-1827.

5. James SK, Stenestrand U, Lindback J, Carlsson J, Schersten F,
Nilsson T, Wallentin L, Lagerqvist B. Long-term safety and efficacy of drug-
eluting versus bare-metal stents in Sweden. N Engl J Med
2009;360:1933-1945.

6. Morice MC, Serruys PW, Sousa JE, Fajadet J, Ban HE, Perin M,
Colombo A, Schuler G, Barragan P, Guagliumi G, Molnar F, Falotico R.
A randomized comparison of a sirolimus-eluting stent with a standard
stent for coronary revascularization. N Engl J Med 2002;346:1773-1780.

7. Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR,
O'Shaughnessy C, Caputo RP, Kereiakes DJ, Williams DO, Teirstein PS,
Jaeger JL, Kuntz RE. Sirolimus-eluting stents versus standard stents in
patients with stenosis in a native coronary artery. N Engl J Med
2003;349:1315-1323.

8. Moreno R, Fernandez C, Hernandez R, Alfonso F, Angiolillo DJ,
Sabate M, Escaned J, Banuelos C, Fernandez-Ortiz A, Macaya C. Drug-
eluting stent thrombosis: results from a pooled analysis including 10 ran-
domized studies. J Am Coll Cardiol 2005;45:954-959.

9. Stone GW, Moses JW, Ellis SG, Schofer J, Dawkins KD, Morice MC,
Colombo A, Schampaert E, Grube E, Kirtane AJ, Cutlip DE, Fahy M,
Pocock SJ, Mehran R, Leon MB. Safety and efficacy of sirolimus- and
paclitaxel-eluting coronary stents. N Engl J Med 2007;356:998-1008.

10. Mauri L, Hsieh WH, Massaro JM, Ho KK, D’Agostino R, Cutlip DE.
Stent thrombosis in randomized clinical trials of drug-eluting stents. N
Engl J Med 2007;356:1020-1029.

-904 -

monline

11. Pfisterer M, Brunner-La Rocca HP, Buser PT, Rickenbacher P,
Hunziker P, Mueller C, Jeger R, Bader F, Osswald S, Kaiser C. Late clini-
cal events after clopidogrel discontinuation may limit the benefit of drug-
eluting stents: an observational study of drug-eluting versus bare-metal
stents. J Am Coll Cardiol 2006;48:2584-2591.

12. Daemen J, Wenaweser P, Tsuchida K, Abrecht L, Vaina S,
Morger C, Kukreja N, Juni P, Sianos G, Hellige G, van Domburg RT,
Hess OM, Boersma E, Meier B, Windecker S, Serruys PW. Early and late
coronary stent thrombosis of sirolimus-eluting and paclitaxel-eluting stents
in routine clinical practice: data from a large two-institutional cohort study.
Lancet 2007,;369:667-678.

13. Jensen LO, Maeng M, Kaltoft A, Thayssen P, Hansen HH, Bottcher M,
Lassen JF, Krussel LR, Rasmussen K, Hansen KN, Pedersen L,
Johnsen SP, Soerensen HT, Thuesen L. Stent thrombosis, myocardial
infarction, and death after drug-eluting and bare-metal stent coronary
interventions. J Am Coll Cardiol 2007;50:463-470.

14. Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH.
The Danish National Hospital Register. A valuable source of data for mod-
ern health sciences. Dan Med Bull 1999;46:263-268.

15. Juel K, Helweg-Larsen K. The Danish registers of causes of death.
Dan Med Bull 1999;46:354-357.

16. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van Es GA,
Steg PG, Morel MA, Mauri L, Vranckx P, McFadden E, Lansky A, Hamon M,
Krucoff MW, Serruys PW. Clinical end points in coronary stent trials: a case
for standardized definitions. Circulation 2007;115:2344-2351.

17. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D,
Rajakangas AM, Pajak A. Myocardial infarction and coronary deaths in
the World Health Organization MONICA Project. Registration procedures,
event rates, and case-fatality rates in 38 populations from 21 countries in
four continents. Circulation 1994,;90:583-612.

18. Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish
Civil Registration System. A cohort of eight million persons. Dan Med Bull
2006;53:441-449.

19. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis 1987;40:373-383.

20. Wenaweser P, Daemen J, Zwahlen M, van DR, Juni P, Vaina S,
Hellige G, Tsuchida K, Morger C, Boersma E, Kukreja N, Meier B, Serruys PW,
Windecker S. Incidence and correlates of drug-eluting stent thrombosis in
routine clinical practice. 4-year results from a large 2-institutional cohort
study. J Am Coll Cardiol 2008;52:1134-1140.

21. Bavry AA, Kumbhani DJ, Helton TJ, Borek PP, Mood GR, Bhatt DL.
Late thrombosis of drug-eluting stents: a meta-analysis of randomized
clinical trials. Am J Med 2006;119:1056-1061.

22. Schomig A, Dibra A, Windecker S, Mehilli J, Suarez de LJ, Kaiser C,
Park SJ, Goy JJ, Lee JH, Di LE, Wu J, Juni P, Pfisterer ME, Meier B,
Kastrati A. A meta-analysis of 16 randomized trials of sirolimus-eluting
stents versus paclitaxel-eluting stents in patients with coronary artery dis-
ease. J Am Coll Cardiol 2007;50:1373-1380.

23. Stettler C, Wandel S, Allemann S, Kastrati A, Morice MC, Schomig A,
Pfisterer ME, Stone GW, Leon MB, de Lezo JS, Goy JJ, Park SJ, Sabate M,
Suttorp MJ, Kelbaek H, Spaulding C, Menichelli M, Vermeersch P,
Dirksen MT, Cervinka P, Petronio AS, Nordmann AJ, Diem P, Meier B,
Zwahlen M, Reichenbach S, Trelle S, Windecker S, Juni P. Outcomes
associated with drug-eluting and bare-metal stents: a collaborative net-
work meta-analysis. Lancet 2007;370:937-948.



24. Wessely R, Schomig A, Kastrati A. Sirolimus and Paclitaxel on poly-
mer-based drug-eluting stents: similar but different. J Am Coll Cardiol
2006;47:708-714.

25. Morice MC, Colombo A, Meier B, Serruys P, Tamburino C,
Guagliumi G, Sousa E, Stoll HP. Sirolimus- vs paclitaxel-eluting stents in
de novo coronary artery lesions: the REALITY trial: a randomized con-
trolled trial. JAMA 2006;295:895-904.

26. Galloe AM, Thuesen L, Kelbaek H, Thayssen P, Rasmussen K,
Hansen PR, Bligaard N, Saunamaki K, Junker A, Aaroe J, Abildgaard U,
Ravkilde J, Engstrom T, Jensen JS, Andersen HR, Botker HE, Galatius S,
Kristensen SD, Madsen JK, Krusell LR, Abildstrom SZ, Stephansen GB,
Lassen JF. Comparison of paclitaxel- and sirolimus-eluting stents in every-
day clinical practice: the SORT OUT Il randomized trial. JAMA
2008;299:409-416.

27. Stettler C, Wandel S, Allemann S, Kastrati A, Morice MC,
Schomig A, Pfisterer ME, Stone GW, Leon MB, de Lezo JS, Goy JJ,
Park SJ, Sabate M, Suttorp MJ, Kelbaek H, Spaulding C, Menichelli M,
Vermeersch P, Dirksen MT, Cervinka P, Petronio AS, Nordmann AJ,

Clinical research

Diem P, Meier B, Zwahlen M, Reichenbach S, Trelle S, Windecker S,
Juni P. Outcomes associated with drug-eluting and bare-metal stents: a
collaborative network meta-analysis. Lancet 2007;370:937-948.

28. Lagerqvist B, James SK, Stenestrand U, Lindback J, Nilsson T,
Wallentin L. Long-term outcomes with drug-eluting stents versus bare-
metal stents in Sweden. N Engl J Med 2007;356:1009-1019.

29. Stettler C, Allemann S, Egger M, Windecker S, Meier B, Diem P.
Efficacy of drug eluting stents in patients with and without diabetes melli-
tus: indirect comparison of controlled trials. Heart 2006;92:650-657.

30. Windecker S, Remondino A, Eberli FR, Juni P, Raber L,
Wenaweser P, Togni M, Billinger M, Tuller D, Seiler C, Roffi M, Corti R,
Sutsch G, Maier W, Luscher T, Hess OM, Egger M, Meier B. Sirolimus-
eluting and paclitaxel-eluting stents for coronary revascularization.
N Engl J Med 2005;353:653-662.

31. KedhiE, Joesoef KS, McFadden E, Wassing J, van MC, Goedhart D,
Smits PC. Second-generation everolimus-eluting and paclitaxel-eluting
stents in real-life practice (COMPARE): a randomised trial. Lancet
2010;375:201-209.

-905 -

monline



