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Abstract

Background. The safety of drug-eluting stents (DES) in patients on long-term warfarin treatment has been questioned due
to high risk of bleeding complications during prolonged triple (aspirin, clopidogrel, and warfarin) antithrombotic therapy.
Methods. We analysed the long-term outcome of 415 consecutive warfarin-treated patients who underwent DES (z = 191)
or bare-metal (n = 224) stenting in six hospitals.

Results. The mean duration of triple therapy was longer (4.2 = 3.1 versus 2.1 = 1.8 months; P < 0.001) in the DES group.
The incidence of major adverse cardiovascular and cerebrovascular events was comparable in the DES and bare-metal
groups (39.8% versus 42.4%; P = 0.59) during a median follow-up of 3.5 years. Similarly, major bleeding events occurred
equally often in both study groups (14.7% versus 12.9%). Six patients in the DES group and seven patients in the bare-
metal group suffered stent thrombosis (3.1% versus 3.1%). In the propensity score analyses of 101 matched pairs, the
outcome was similar in the two groups.

Conclusion. Selective use of DES with a short triple therapy seems to be safe in patients with warfarin therapy. The prog-
nosis of this fragile patient population is quite poor, and major bleeding events are common irrespective of stent type.

Key words: Angioplasty, anticoagulation, bleeding complications

particularly in this fragile patient group (4,5). Pre-

Introduction . . .
mature interruption of antiplatelet therapy could

It is estimated that 5% of patients undergoing per-
cutaneous coronary intervention (PCI) are on long-
term oral anticoagulation (OAC) therapy because of
underlying chronic medical conditions such as atrial
fibrillation or mechanical heart valve (1). PCI with
drug-eluting stents (DES) has offered an effective
way to reduce in-stent restenosis as compared with
bare-metal stents (BMS) (2,3). The risk of late stent
thrombosis with these devices has led to the recom-
mendation of prolonged dual antiplatelet therapy,
which in turn increases the inherent risk of bleeding,

induce a higher rate of DES thrombosis, and even a
temporary discontinuation of OAC is associated
with an increased risk of thromboembolism (6-8).
Current guidelines recommend that the use of DES
in patients having OAC should be avoided or strictly
limited to those situations where a significant ben-
efit is expected as compared to BMS (6-8). Triple
therapy is recommended for the prevention of stent
thrombosis, but its duration should be individualized
according to the stent type and bleeding risk of the
patient (9,10). Since there are no randomized trials
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Key messages

o Selective use of drug-eluting stents with
a short triple therapy seems to be safe in
warfarin-treated patients, since late stent
thromboses were rare even without long
clopidogrel treatment.

e Major bleeding and cardiac events are com-
mon in this fragile patient group irrespective
of stent type.

assessing the best stenting strategy in patients with
long-term OAC, and even the observational studies
are scarce, we aimed to determine the long-term
safety and efficacy of DES in patients on long-term
OAC in everyday clinical practice.

Material and methods
Study design

This observational study is part of a wider protocol
in progress to assess thrombotic and bleeding com-
plications of cardiac procedures in western Finland
(6,11-16). This substudy is based on 415 consecu-
tive patients on chronic warfarin treatment who
underwent coronary stenting in six Finnish hospitals
between the years 2002 and 2006. Base-line and in-
hospital data were provided by local institutional
clinical registries which prospectively collect infor-
mation in computerized databases. Furthermore, a
non-blinded review of full medical records of the eli-
gible patients was performed to determine the peri-
operative antithrombotic strategies and the incidence
of in-hospital complications (11).

All patients were treated according to varying
local practices and followed by office visits or tele-
phone interviews by the treating physicians with the
last contact between September 2008 and February
2009.The major bleeding episodes and major adverse
cardiovascular and cerebrovascular events (MACCE)
were recorded. In addition, all data available from
the hospital records, the institutional electronic clin-
ical database, and the referring physicians were
checked at the end of the follow-up period to record
the medication at the time of MACCE and major
bleeding. Hospital records and death certificates
from the Central Statistical Office of Finland were
used to record and classify deaths.

The CHADS, score, which quantifies the annual
stroke risk for patients who have non-valvular atrial
fibrillation, was recorded for all patients (17). Bleed-
ing risk was evaluated retrospectively by the out-
patient bleeding risk index (OBRI), which considers
history of stroke, age, history of gastrointestinal

Abbreviations

BMS bare-metal stent

DES drug-eluting stent

INR international normalized ratio

MACCE major adverse cardiovascular and cerebrovascular
event

OAC oral anticoagulation

OBRI out-patient bleeding risk index

PCI percutaneous coronary intervention
TIA transient ischaemic attack

bleeding, and the presence of one or more co-
morbid conditions in order to stratify patients into
three risk groups (16,18). The target international
normalized ratio (INR) level in patients with atrial
fibrillation was 2-3. This study complies with the
Declaration of Helsinki. The study protocol was
approved by the Ethics Committees of Satakunta
Central Hospital and the participating hospitals.

End-point definitions

Major bleeding was defined as a decrease in the blood
haemoglobin level of more than 4.0 g/dL, the need
for the transfusion of two or more units of blood, the
need for corrective surgery, the occurrence of an
intracranial or retroperitoneal haemorrhage, or any
combination of these (19). Access site complications
that fulfilled the criteria of major bleeding were
included in the total number of major bleedings.

MACCE was defined as the occurrence of any of
the following during the follow-up: all-cause death,
Q-wave or non-Q-wave myocardial infarction, target
vessel revascularization, stent thrombosis, or stroke.
Myocardial infarction was diagnosed when a rise in
the myocardial injury marker level was detected
together with symptoms suggestive of acute infarc-
tion. For the diagnosis of myocardial reinfarction, a
new rise > 50% above the base-line injury marker
level was required (11). Target vessel revasculariza-
tion was defined as any reintervention driven by any
lesion located in the stented vessel. Stent thromboses
were classified according to the consensus of the
Academic Research Consortium criteria as definite,
probable, or possible (20). Stroke was defined as an
ischaemic cerebral infarction caused by a thrombotic
occlusion of a major intracranial artery or intracerebral
haemorrhage.

Statistical analysis

The normally distributed continuous variables are
shown as mean =* standard deviation and were com-
pared by unpaired z test; other continuous variables
are shown as median and interquartile range and
compared by Mann—Whitney U test. Dichotomous
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variables and outcome end-points are presented as between study groups was done according to a dif-
counts and percentages and compared by chi-square ference in the propensity score < 0.005. Cox regres-
test and Fisher’s exact test. Two-sided P value of sion analysis with backward selection was used to
<0.05 was considered statistically significant. Sur- adjust the effect of clinical variables as well as pro-
vival analyses were performed by Kaplan—Meier test, pensity score on outcome end-points. All data were
and differences between groups were assessed using analysed with the use of statistical software (SPSS v.
the log-rank test. 15.0.1, SPSS Inc., Chicago, IL, USA).

In propensity score analyses, logistic regression
with backward selection was performed to calculate
the risk of these patients to be ‘assigned’ to the BMS Results
or DES group. Variables listed in Table I with P < 0.2

. . . Base-li ]
have been included into the regression model. ase-line and procedural variables

Receiver operating characteristic (ROC) curve analy- Between December 2002 and June 2006, 191
sis was used to estimate the area under the curve of patients were treated with DES (112 with paclitaxel-
the model predicting the probability of being included eluting stents), and 224 patients were treated with
in the DES or the BMS group. The calculated pro- BMS. The base-line clinical and procedural charac-
pensity score was employed for one-to-one matching teristics of the stent groups are described in Table 1.
as well as to adjust for other variables in estimating The DES patients were younger than BMS patients,
their impact on the postoperative outcome. Matching and they were less often treated for acute coronary

Table I. Base-line clinical and procedural characteristics of the DES and BMS study groups and their propensity score matched pairs.

Overall population Propensity score matched pairs
DES group BMS group DES group BMS group
(191 patients) (224 patients) Pvalue (101 patients) (101 patients) P value

Age, years 68.4 = 7.8 70.0 = 9.3 0.02 69.1 = 7.5 71.3 = 0.1 0.03
Female, n (%) 51 (26.7) 53 (23.7) 0.48 24 (23.8) 24 (23.8) 1.00
Risk factors, n (%)

Family history of CAD 67 (35.1) 60 (26.8) 0.07 27 (26.7) 29 (28.7) 0.75

Diabetes 63 (33.0) 56 (25.0) 0.07 31 (30.7) 33 (32.7) 0.76

Hypertension 123 (64.4) 143 (63.8) 0.91 57 (56.4) 61 (60.4) 0.57

Hypercholesterolaemia 140 (73.3) 151 (67.4) 0.19 70 (69.3) 70 (69.3) 1.00

History of smoking 50 (26.2) 60 (26.8) 0.89 20 (19.8) 25 (24.8) 0.40
Medical history, n (%)

Heart failure 39 (20.4) 47 (21.0) 0.89 22 (21.8) 16 (15.8) 0.28

Myocardial infarction 58 (30.4) 91 (40.6) 0.03 38 (37.6) 34 (33.7) 0.56

PCI 29 (15.2) 29 (12.9) 0.51 17 (16.8) 15 (14.9) 0.70

CABG 43 (22.5) 39 (17.4) 0.19 26 (25.7) 18 (17.8) 0.17

Stroke 46 (24.1) 46 (20.5) 0.39 23 (22.8) 20 (19.8) 0.61

Peripheral vascular disease 20 (10.5) 24 (10.7) 0.94 11 (10.9) 9 (8.9) 0.64

Renal disease 11 (5.8) 11 (4.9) 0.70 4 (4.0) 6 (5.9) 0.52
Medication, 7 (%)

Thrombolysis 2 (1.0) 7 (3.1 0.19 2 (2.0) 2 (2.0) 1.00

GP IIb/IIIa inhibitors 56 (29.3) 65 (29.0) 0.95 30 (29.7) 32 (31.7) 0.76
Indication for PCI, n (%)

Acute coronary syndrome 83 (43.5) 122 (54.5) 0.03 49 (48.5) 48 (47.5) 0.89

Non-ST-elevation myocardial infarction 41 (21.5) 63 (28.1) 0.12 21 (20.8) 28 (27.7) 0.25

ST-elevation myocardial infarction 14 (7.3) 25 (11.2) 0.18 9 (8.9) 8 (7.9) 0.80

Unstable angina 28 (14.7) 34 (15.2) 0.88 19 (18.8) 12 (11.9) 0.17
Left ventricular ejection fraction, % 51 = 14 49 * 13 0.13 52 + 13 50 = 12 0.32
Stent diameter, mm 3.1 = 0.4 3.2 %05 0.047 3.1 = 0.4 3.2+ 0.5 0.46
Stent length, mm 27 + 14 19 = 10 <0.0001 22 +9 21 = 10 0.11
No. of stents per patient 1.4 = 0.6 1.3 = 0.6 0.08 1.3 = 0.6 1.2 £ 0.5 0.33
Out-patient bleeding risk index 1.3 = 0.9 1.3 = 0.8 0.42 1.2 = 0.8 1.3 = 0.7 0.16
CHADS, score 1.6 = 1.1 1.8 £ 1.2 0.26 1.6 = 1.1 1.8 £ 1.1 0.22
Femoral access, n (%) 151 (79.1) 167 (74.6) 0.28 81 (80.2) 71 (70.3) 0.10

Continuous data are presented as mean * standard deviation unless otherwise indicated.
CAD = coronary artery disease; PCI = percutaneous coronary intervention; CABG = coronary artery bypass grafting; GP = glycoprotein.
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syndromes, but the groups did not differ with respect
to bleeding or thromboembolic risks (CHADS, and
OBRI scores). Atrial fibrillation was the most fre-
quent indication for warfarin treatment (138 patients
in the DES group and 159 in the BMS group) fol-
lowed by transient ischaemic attacks/strokes (23 ver-
sus 27, respectively), pulmonary embolism/deep vein
thrombosis (12 versus 21, respectively), mechanical
heart valves (12 versus 9, respectively). There were
no significant differences in lesion type, number of
lesions, or other main procedural characteristics fea-
tures between the study groups (Table I). The mean
hospitalization time was 2.8 days in the DES group
and 3.4 days in the BMS group.

Antithrombotic therapy

There were no significant differences in the
periprocedural antithrombotic treatments (low-
molecular-weight heparins, glycoprotein blockers,
unfractionated heparin, or level of oral anticoagula-
tion) between the groups. The antithrombotic med-
ication at hospital discharge is described in Table II.
At discharge, 62% of patients in the DES group and
58% in the BMS group received triple therapy, and
31% in the DES group and 30% in the BMS received
dual therapy where clopidogrel was combined with
aspirin or warfarin. The mean duration of triple
therapy was longer in the DES group.

Clinical outcomes

Complete follow-up was achieved in all patients
(DES group: median 3.5 years; BMS group: median
3.4 years). The incidence of MACCE was compa-
rable in the DES and the BMS groups (39.8% versus

Table II. Antithrombotic medication at discharge and duration of
major treatment options.

DES BMS

(n = 191) (n = 224) Pvalue

36 (18.8%) 30 (13.4%) 0.14
119 (62.3%) 129 (57.6%)  0.37
12 (6.3%) 28 (12.5%)  0.04
23 (12.0%) 37 (16.5%) 0.21
1(05%) 0 NS

Aspirin + clopidogrel
Triple therapy?
Warfarin + aspirin
Warfarin + clopidogrel
Warfarin monotherapy

Duration on triple 4.2 = 3.1 2.1 1.8 < 0.0001
therapy, months
Duration of clopidogrel 6.6 * 6.8 4.6 £ 7.6 0.01

therapy, months

Duration of warfarin +
aspirin combination,
months

17.3 £ 19.4 11.6 = 16.7 0.37

#Triple therapy with warfarin, aspirin, and clopidogrel.
DES = drug-eluting stent; BMS = bare-metal stent.
Data are presented as mean * SD unless otherwise indicated.

42.4%; P = 0.59) (Table III, Figure 1). The mean
INR at the time of MACCE was similar in the DES
and BMS groups (2.5 versus 2.4; P = 0.50, respec-
tively). A total of six patients (3.1%) in the DES
group and seven patients (3.1%) in the BMS group
suffered stent thrombosis (Table IV). One acute and
one subacute stent thrombosis were probable, but all
others fulfilled the criteria of definite stent thrombo-
sis. Only one acute and one subacute stent throm-
bosis occurred in stable patients. The ten cases of
acute and subacute stent thromboses occurred within
17 days after stenting, and six of these patients were
not receiving clopidogrel. The risk of acute or sub-
acute (< 30 days) stent thrombosis was 15% (6/41)
in patients without clopidogrel treatment and 1%
(4/374) in those with clopidogrel included in the
therapy (P < 0.0001 for difference). One late throm-
bosis of paclitaxel-eluting stent occurred at day 105
during dual therapy with clopidogrel and warfarin.
Two patients with paclitaxel-eluting stents suffered
very late stent thrombosis 271 days and 1,066 days
after the discontinuation of clopidogrel therapy.

The number of patients with major bleeding epi-
sodes was comparable in DES and BMS groups
(14.7% versus 12.9%; P = 0.61) (Table III, Figure 2).
Four DES and three BMS patients suffered fatal
bleeding, and all these events were intracranial bleed-
ings. Three patients suffered several (up to six) major
bleeding episodes during the follow-up. A total of 14
(24.6%) major bleeding episodes occurred during
index hospitalization, and 12 of them for patients
with femoral access site.

Propensity score analysis

Logistic regression identified the number of stents
deployed, length of stents, diameter of the stent,
family history of coronary artery disease, diabetes,
any previous myocardial infarction, non-ST-eleva-
tion myocardial infarction as well as ST-elevation
myocardial infarction as independent ‘risk factors’
of these patients for having been included in the
BMS or DES groups (Hosmer—Lemeshow’s test,
P = 0.32). ROC analysis showed an area under the
curve of the calculated propensity score of 0.77
(95% CI 0.72-0.82; P < 0.0001), and 101 propen-
sity score matched pairs could be obtained (Table
I). The type of stent had no significant effect in any
of the outcome measures in these propensity score
matched pairs when adjusted for propensity score
(Table II).

Discussion

This is the largest and most comprehensive evalua-
tion of the long-term outcome in warfarin-treated
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Table III. Outcome events in the overall series and in propensity-matched pairs according to the stent type.

Overall population

Propensity score matched pairs

DES group BMS group DES group BMS group
(191 patients) (224 patients) P value (101 patients) (101 patients) P value
MACCE, n (%) 76 (39.8) 95 (42.4) 0.59 40 (39.6) 43 (42.6) 0.67
Myocardial infarction 34 (17.8) 33 (14.7) 0.40 17 (16.8) 9 (8.9) 0.93
All-cause death 35 (18.3) 53 (23.7) 0.19 16 (15.8) 24 (23.8) 0.16
TVR 20 (10.5) 21 (9.4) 0.71 11 (10.9) 10 (9.9) 0.82
Redo PCI 40 (20.9) 37 (16.5) 0.25 26 (25.7) 15 (14.9) 0.05
CABG 6 (3.1) 11 (4.9) 0.37 4 (4.0) 6 (5.9) 0.52
Stroke/TTA 17 (8.9) 19 (8.5) 0.88 6 (5.9) 10 (9.9) 0.30
Stent thrombosis, 7 (%) 6 (3.1) 7 (3.1) 0.99 5 (5.0) 2 (2.0) 0.45
Cardiac death, n (%) 15 (7.9) 29 (12.9) 0.09 9 (8.9) 15 (14.9) 0.19
Major bleeding, n (%) 28 (14.7) 29 (12.9) 0.61 18 (17.8) 13 (12.9) 0.33

MACCE = major adverse cardiac and cerebrovascular events; TIA = transient ischaemic attack; TVR = target vessel revascularization;
PCI = percutaneous coronary intervention; CABG = coronary artery bypass grafting.

patients after coronary stenting. The main finding of
our study was that selective use of DES in this
population was not associated with excess of major
bleeding or thrombotic complications as compared
to BMS. Our findings also suggest that late (>3
months) stent thromboses are rare even without long
clopidogrel treatment, and so a short triple therapy
seems to be sufficient to prevent stent thrombosis
and might help to reduce the incidence of bleeding
complications in this fragile patient group.

There are 16 earlier studies describing outcomes
in OAC patients undergoing coronary stenting
and providing information on the stent use (10).
Most of these are small retrospective single-centre
series, and no randomized trials are available. The
use of DES ranged in these reports from 2% to
100%, and only two of these trials presented data on
comparison of DES versus BMS. Rogacka et al. (21)
showed no significant difference between DES and

1.0 4
w 084
o
2 T, DES 59.4%
E 06- e, VRN
3 BMS 55.7%
g 0.4 4
T
[}
o
% 0.2

0.0 { Logrank p =0.50

0 1 2 3 4

Years from index PCI

Figure 1. Kaplan—Meier estimates of freedom from MACCE
according to the stent type in patients on OAC.

BMS with respect to major bleeding and thrombotic
complications, whereas Ruiz-Nodar et al. (22) con-
cluded that the routine use of DES in this patient
population does not seem to be justified on the basis
of adverse outcome in the DES-treated patients.

Bleeding complications are the most frequent
non-ischaemic complications of PCI, especially in
the treatment of acute coronary syndromes. Most of
the bleeding events occur early during the hospital
phase, and, e.g. in the large CRUSADE registry, the
incidence of in-hospital major bleeding events was
as high as 9.4% (23). The incidence of bleeding
events seems to be even higher when these patients
are on long-term OAC and need concomitant potent
antiplatelet agents due to PCI (7). Triple therapy is
the most frequently recommended drug regimen in
this scenario. The downside of the combination is
the high incidence of bleeding complications, since
the incidence of major bleedings increases to a range
of 3.2—6.6-fold compared with dual antiplatelet ther-
apy (10). Duration of triple therapy seems to be
critical, since in a pooled analysis the rate of major
bleeding increased from 4.6% to 10.3% when the
treatment period increased from 1 month to 6-12
months or more (7).

Our results confirm earlier studies showing a
high rate of major bleeding complications after PCI
in patients with long-term OAC (6,11,22,24). The
use of DES did not, however, increase the rate of
major bleeding episodes relative to BMS use. This
was not unexpected, since only 62% of patients in
the DES group and 58% of patients in the BMS
group received triple therapy at discharge and the
duration of triple therapy was shorter than currently
recommended reflecting the contemporary treat-
ment policies. Our findings diverge from a study by
Ruiz-Nodar et al. (22) where the use of DES was
associated with a higher rate of major bleedings with
no difference in thrombotic complications in patients
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Table IV. Antithrombotic therapy during stent thrombosis.

Days after
Level of clopidogrel
Timing Days after stenting Stent Antithrombotic therapy INR evidence (20) discontinuation
Acute
1. 0 BMS Triple therapy? 1.8 definite
2. 0 DES Warfarin 2.8 probable
Subacute
3. 2 BMS Warfarin+aspirin 1.9 definite
4. 3 DES Warfarin+aspirin 1.6 probable
5. 4 BMS Warfarin+aspirin 2.2 definite
6. 5 BMS Triple therapy NA definite
7. 5 BMS Warfarin+aspirin NA definite
8. 5 BMS Warfarin+aspirin 2.0 definite
9. 10 BMS Triple therapy 4.9 definite
10. 17 DES Triple therapy 1.7 definite
Late
11. 105 DES Warfarin+clopidogrel 1.9 definite
Very late
12. 451 DES Warfarin 1.6 definite 271
13. 1325 DES Warfarin+aspirin 2.7 definite 1325

2 Triple therapy with warfarin, aspirin, and clopidogrel.

DES = drug-eluting stent; BMS = bare-metal stent; NA = not available.

with atrial fibrillation. Differences in base-line char-
acteristics (e.g. only half of the patients were on
warfarin before stenting) and longer duration of
triple therapy (exact data not available) in the DES-
treated patients may contribute to this difference,
since also Sarafoff et al. (25) recently showed that
the use of DES was safe in patients receiving either
12 weeks of triple therapy or dual antiplatelet ther-
apy. In that trial, the choice of triple therapy with a
low target INR of 2.0-2.5 was made on the basis of
an individual assessment of thromboembolic risk.
The use of DES has significantly reduced the
problem of restenosis inherent to BMS. In the present
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Figure 2. Kaplan—Meier estimates of freedom from major bleeding
according to the stent type in patients on OAC.

study, DES patients received significantly longer
and smaller stents than BMS patients, apparently
reflecting the higher risk of restenosis in the DES-
treated lesions. The actual rate of clinical restenosis
was not increased in the DES group, suggesting that
the stenting policy was effective in the prevention of
restenosis.

Longer delay in arterial healing may extend the
risk of stent thrombosis far beyond 30 days after the
DES implantation. Consequently, there has been
concern for late stent thrombosis after DES implanta-
tion, and early discontinuation of antiplatelet therapy
has been the most important predisposing factor for
stent thrombosis. Accordingly, recent recommenda-
tions have suggested that, for patients with a strong
indication for concomitant OAC, triple therapy should
be considered for 1 year following DES implantation,
especially after acute coronary syndromes (7,9,26,27).
The risk of stent thrombosis after stopping short tri-
ple therapy was, however, low in the present study,
and the two cases of stent thrombosis occurred so late
that the recommended 12 months’ treatment would
not have prevented these very late events. Accord-
ingly, our present findings suggest that a shorter triple
therapy may be considered also after DES implanta-
tion, especially when the clinical risks and conse-
quences of stent thrombosis are considered reasonable
or the individual bleeding risk is high (10,16). On the
other hand, our results confirm that clopidogrel
treatment is highly beneficial in the early phase after
stenting, since a 15-fold increase in early stent throm-
bosis rate was observed in the patients left without
clopidogrel.



Our study is limited by typical retrospective study
design including individual risk-based decision-
making in the treatment choices. We attempted to
overcome this bias using propensity score analysis.
The outcome assessment was not blinded, and the
small sample size might cause some bias in records
and limits subgroup analyses. Data on medication in
clinical databases were not complete in all patients
during the follow-up, especially when a patient
underwent repetitive medication changes. Informa-
tion on minor bleeding complications was incom-
plete and could not be reported, which might
under-estimate the bleeding complications observed
in clinical practice.

In the light of current findings, selective use of
DES in patients on long-term OAC leads to an
acceptable outcome. Our findings also suggest that
a shorter duration of triple therapy may be an
option in this patient group, but randomized data
on the optimal duration of triple therapy are needed.
The selection of stent should, however, be based on
individual evaluation, balancing of bleeding and
thromboembolic risks of the patient, and throm-
botic and restenotic risks of the treated coronary
lesion.
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