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Abstract

Aims: Limited data exist on long-term outcomes of patients with stent thrombosis (ST). Our aim was to
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Methods and results: In this multicentre registry, consecutive cases of definite ST were identified between
2005 and 2013. Clinical and procedural characteristics, in-hospital outcomes and long-term survival up to
five years were compared between those with and those without adverse cardiovascular and cerebrovascular
events (MACCE), defined as all-cause mortality, myocardial infarction and stroke. Two hundred and twenty-
one patients with 239 stent thrombosis events were identified. Patients who developed MACCE were older,
less likely to be men, and less likely to have hypertension. Angiographic characteristics were similar. Patients
who had a MACCE event showed a trend towards a lower likelihood of procedural success (86% vs. 91%,
p=0.05). MACCE rates were 22% at one year and 41% at five years. All-cause mortality was 13% at one year
and 24% at five years. On multivariable analysis, age, diabetes mellitus, active smoking and ST at a bifurca-

tion were independently associated with the occurrence of MACCE up to five years.

Conclusions: Age, active smoking, diabetes mellitus and bifurcation disease are independently associated
with long-term MACCE over a five-year follow-up period.

*Corresponding author: Department of Medicine, Division of Cardiovascular Medicine, University of California, Davis Medical
Center, Sacramento, CA, 95817, USA. E-mail: jason.rogers@ucdmc.ucdavis.edu

© Europa Digital & Publishing 2015. All rights reserved. SUBMITTED ON 05/08/2014 - REVISION RECEIVED ON 06/08/2014 - ACCEPTED ON 20/08/2014



Introduction

Stent thrombosis (ST) is a rare complication of coronary artery stent-
ing that can result in significant morbidity and mortality. While ear-
lier studies suggested high in-hospital mortality related to ST, more
recent reports suggest in-hospital mortality between 5% and 14.8%"
4. In our previously published report based on a large multicentre reg-
istry, diabetes mellitus (DM) and bifurcation disease, but not type of
percutaneous therapy, were also shown to be independently associ-
ated with in-hospital mortality*. Despite these and other data, infor-
mation on the long-term outcomes of ST remains limited. Among
other contemporary series, van Werkum et al’ reported two-year mor-
tality rates of 12%, Kimura and colleagues’ reported two-year mor-
tality rates of 28%, and Almalla et al® reported five-year mortality
rates of 36%. Longer-term outcomes and predictors of adverse long-
term outcomes remain unclear. The aim of this study was to describe
the long-term clinical outcomes of patients in a large, multicentre

cohort of patients with angiographically confirmed ST.

Methods

STUDY DESIGN AND PATIENT SELECTION

The University of California ST registry comprises all cases of angi-
ographic definite ST at five academic medical centres (University
of California, Davis; University of California, San Diego; San
Francisco Veteran’s Administration Hospital; San Francisco
General Hospital; and University of California, San Francisco
Moffitt-Long Hospital) from 2005-2013. Institutional review board
approval at each site was obtained. The study has been registered at
ClinicalTrials.gov with the identifier NCT00931502. Details of the
study have been previously published*. Briefly, this study included
retrospective review of ST occurring from January 2005 to April
2008, and prospective enrolment of subsequent patients up to 2013.
Each case was reviewed by two interventional cardiologists for def-
inite ST. Academic Research Consortium (ARC) criteria were used
to determine timing of ST®. Only cases of angiographic definite ST
were included in the registry.

Once identified, cases were reviewed for demographic, procedural,
angiographic, and in-hospital outcomes®. Briefly, trained abstractors
and physicians reviewed each medical chart for details of presen-
tation, medications prior to admission, medication compliance,
procedural details of coronary angiography and intervention, and
long-term major adverse cardiovascular and cerebrovascular events
(MACCE), defined as death, stroke, or repeat myocardial infarction.
Discharge medications were assessed for all surviving patients. The
study population was divided into two groups: those with and those
without a MACCE event at up to five-year follow-up.

LONG-TERM OUTCOMES

Outcomes were identified by retrospective chart review. For pro-
spectively recruited patients, outcomes were also identified by tel-
ephone interviews. The primary endpoint of the study, MACCE
(defined as all-cause mortality, MI, and stroke) was recorded up
to five years after the initial ST event. Secondary endpoints were
all-cause death, stroke, MI, definite and probable recurrent ST.

Long-term results of coronary stent thrombosis

Mortality after discharge was collected using the social security
death index (SSDI), performed by research coordinators at each
institution to verify death in the study population.

STATISTICAL ANALYSES

The study population was divided into those who had a MACCE
at up to five years of follow-up, and those who did not. Clinical,
anatomical and procedural characteristics were compared between
both groups. Median values with interquartile ranges were used to
describe continuous variables, and numerical values (percentages)
were used for categorical variables. Continuous variables were
compared using the Wilcoxon rank-sum test or t-test. Categorical
values were compared by the chi-square test. The cumulative haz-
ard of MACCE was plotted as a function of time. Predictors of
MACCE were identified using a Cox proportional hazards model
which included all predictors with a univariate association of <0.1
followed by stepwise elimination of non-significant predictors in
order to avoid overfitting. A sensitivity analysis was also performed
to assess predictors of long-term outcomes among patients who
survived the initial hospitalisation. In this analysis, patients who
had an adverse event in-hospital were excluded from the Cox pro-
portional hazards model. All analyses were performed using Stata
Version 11.2 (StataCorp, College Station, TX, USA). A p-value
<0.05 was considered significant. All authors have read and agree

to the manuscript as written.

Results
Between January 2005 and August 2013, 221 patients with 239
occurrences of angiographic definite ST were identified. In patients
with multiple events, only the first event was included in the primary
analysis. Table 1 shows the demographics and clinical characteristics
of the entire cohort and for both groups of patients (with and without
MACCE). Both groups were largely similar except that patients who
subsequently developed MACCE were more likely to be older (65
vs. 60 years, p<0.001), less likely to be men (77% vs. 91%, p=0.003),
and less likely to have hypertension (62% vs. 83%, p<0.001). Among
54 patients (24% of 221) not taking aspirin at the time of presentation
with stent thrombosis, 44 were not taking aspirin due to medical non-
compliance. Eight patients had the aspirin stopped perioperatively
for elective or emergency surgery, and two patients had stopped aspi-
rin due to a history of bleeding. In those cases, the patients were not
on concomitant coumadin. There were no significant differences
in angiographic characteristics at the time of ST between the two
groups (Table 2). This included characteristics such as vessel size,
location and involvement of a coronary bifurcation. Tahle 3 shows
the procedural characteristics in both groups of patients. There were
no significant differences in the use of antithrombotic agents, types
of stent (DES vs. BMS), or adjunctive glycoprotein IIb/Illa antago-
nists. However, patients who had a subsequent MACCE event were
less likely to undergo intravascular ultrasound and were less likely to
have procedural success (each 84% vs. 91%, p=0.02).

The in-hospital mortality was 5%. Table 4 shows the cumulative
incidence of MACCE and its individual components over a five-year
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Table 1. Demographics and clinical characteristics.

Patients with

Patients without

p-value (between those

Demographic characteristics A;IN[;aZt;:n)ts subsequent MACCE | subsequent MACCE with and without
(N=77) (N=144) subsequent MACCE)

Age, years 61 (54-70) 65 (57-76) 60 (51-66) <0.001
Male gender 190 (86) 59 (77) 131 (91) 0.003
Race/ethnicity 0.6

Caucasian 126 (57) 42 (55) 84 (58)

Black 22 (10) 6 (8) 16 (11)

Hispanic 38(17) 17 (22) 21 (15)

Asian 22 (10) 7(9) 15 (10)

Other 13 (6) 5(7) 8 (6)
Current smoker 64 (29) 28 (36) 36 (25) 0.08
Prior CABG 29 (13) 14 (18) 15 (10) 0.1
Diabetes 86 (39) 33 (43) 53 (37) 0.4
Hypertension 168 (76) 48 (62) 120 (83) <0.001
Congestive heart failure 45 (20) 23 (30) 22 (15) 0.01
Prior Ml 160 (72) 53 (69) 107 (74) 0.4
Chronic kidney disease 33 (15) 14 (18) 19 (13) 0.3
Ejection fraction 50 (40-55) 46 (35-55) 50 (40-58) 0.05
Presentation of stent thrombosis 0.7

VF arrest 4 (2) 2(3) 2(1)

STEMI 143 (65) 48 (62) 95 (66)

NSTEMI 55 (25) 18 (23) 37 (26)

Unstable angina 19 (9) 9(11) 10 (7)
Stent thrombosis timing 0.9

Early 69 (33) 22 (31) 47 (34)

Late 33 (16) 12(17) 21 (15)

Very late 108 (51) 37 (52) 71 (51)
Type of previous stent 0.5

DES 123 (71) 45 (74) 78 (69)

BMS 51 (29) 16 (26) 35 (31)
Taking aspirin 167 (76) 56 (73) 111 (77) 0.5
Taking thienopyridine 105 (48) 46 (47) 69 (48) 0.9
Taking DAPT 97 (44) 31 (40) 66 (46) 0.4
Statin 165 (75) 56 (73) 109 (76) 0.6
Beta-blocker 169 (76) 54 (70) 115 (80) 0.1
Medical non-compliance 40 (18) 16 (21) 24 (17) 0.4
Insured 163 (74) 58 (75) 105 (73) 0.7
Cardiogenic shock 47 (21) 18 (23) 29 (20) 0.6
Intubation 23 (10) 8 (10) 15 (10) 0.9
CPR 12 (5) 6 (8) 6 (4) 0.3
(n) indicates percentage unless otherwise indicated. BMS: bare metal stent; CABG: coronary artery bypass graft surgery; CPR: cardiopulmonary
resuscitation; DES: drug-eluting stent; MACCE: major adverse cardiovascular and cerebrovascular events (defined as all-cause mortality, MI, and stroke);
MI: myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; VF: ventricular fibrillation

period. The median follow-up period was 3.7 years. MACCE rates
were 22% at one year and up to 41% at five years. Of these, 13% of
patients died by one year and 24% at five years. Definite or probable
recurrent stent thrombosis rates were 15% and 23%, respectively.
On multivariable analysis using a Cox proportional hazards
model, age (per ten years, hazard ratio [HR] 1.5, 95% CI: 1.3-1.7),
diabetes mellitus (HR 1.69, 95% CI: 1.04-2.74), active smoking
(HR 2.44,95% CI: 1.47-4.07), and stent thrombosis at a bifurcation

(HR 2.67, 95% CI: 1.44-4.07) were independently associated
with occurrence of MACCE up to five years from the index event
(Table 5). The use of bare metal stents or drug-eluting stents was
not independently associated with MACCE events. The timing of
occurrence of the index stent thrombosis (i.e., acute, early, late and
very late) was not associated with MACCE (Figure 1). Figure 2A
and Figure 2B show the respective Kaplan-Meier curves for all-
cause mortality and MACCE.



Table 2. Angiographic characteristics.

Angiographic characteristics

All patients
(N=221)

Patients with

subsequent MACCE

(N=77)

Patients without
subsequent MACCE

(N=144)

Long-term results of coronary stent thrombosis

p-value (between those
with and without

subsequent MACCE)

Target vessel 0.5
LAD 106 (48) 40 (51) 66 (46)
RCA 56 (25) 16 (21) 40 (28)
Circumflex 42 (20) 14 (17) 28 (19)
Ramus 2(1) 0 2(1)
Bypass graft 14 (6) 6 (8) 8 (6)
Left main 1 (0.5%) 1(1) 0
Target vessel location 0.7
Ostial or proximal 98 (44) 33 (43) 65 (45)
Mid-distal 123 (56) 44 (57) 79 (55)
Angiographic collaterals 51 (23) 16 (21) 35 (24) 0.6
Stent thrombosis at bifurcation 32 (14) 15(19) 17 (12) 0.1
Proximal vessel MLD, mm (IQR) 3.0 (2.6-3.5) 3.1 (2.6-3.6) 3.0 (2.6-3.4) 0.5
Distal vessel MLD, mm (IQR) 2.6 (2.3-3.0) 2.6 (2.3-3.1) 2.6 (2.3-3.0) 0.8
Initial TIMI flow <3 200 (90) 70 (91) 130 (90) 0.8
Thrombus grade 0.6
1-3 29 (13) 9(12) 20 (14)
4-5 192 (87) 68 (88) 124 (86)
Thrombus location in stent 0.2
Proximal 154 (70) 50 (65) 104 (72)
Mid-distal 67 (30) 27 (35) 40 (28)
Post-procedure TIMI flow 3 199 (90) 67 (87) 132 (92) 0.3
Myocardial blush 0.8
0-2 158 (71) 55 (71) 103 (71)
g 63 (29) 22 (29) 41 (29)
cTFC (IQR) 24 (17-34) 24 (16-34) 24 (19-34) 0.9
(n) indicates percentage unless otherwise indicated. cTFC: corrected TIMI frame count; IQR: interquartile range; LAD: left anterior descending artery;
MACCE: major adverse cardiovascular and cerebrovascular events (defined as all-cause mortality, MI, and stroke); MLD: minimal luminal diameter;
RCA: right coronary artery

Table 3. Procedural characteristics.

Patients with

Patients without

p-value (between those

Procedural characteristics Aleizg;n)ts subsequent MACCE | subsequent MACCE with and without
(N=77) (N=144) subsequent MACCE)
Stent placement 141 (64) 48 (62) 93 (65) 0.7
BMS 31 (25) 16 (35) 15 (19)
DES 93 (75) 30 (65) 63 (81)
Aspiration thrombectomy 128 (58) 40 (52) 88 (61) 0.2
Antithrombotic Heparin 165 (75) 58 (76) 107 (74) 0.7
Bivalirudin 47 (22) 12 (16) 35 (24) 0.1
LMWH 2(1) 1(1) 1(1) 0.9
Intravascular ultrasound 59 (27) 14 (18) 45 (31) 0.04
Intra-aortic balloon pump 36 (16) 17 (22) 19 (13) 0.09
Glycoprotein IIb/Illa inhibitor 165 (75) 54 (70) 111 (77) 0.3
Angiographic success 201 (91) 66 (86) 135 (94) 0.05
Procedural success 200 (91) 65 (84) 135 (94) 0.02
(n) indicates percentage unless otherwise indicated. BMS: bare metal stent; DES: drug-eluting stent; LMWH: low molecular weight heparin;
MACCE: major adverse cardiovascular and cerebrovascular events (defined as all-cause mortality, MI, and stroke
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Table 4. Cumulative incidence and components of major adverse cardiovascular events during long-term follow-up.

Years of follow-up

1 2 3 4 5

MACCE 22% (156) 28% (133) 29% (111) 35% (82) 41% (50)
Death 13% (170) 15% (151) 17% (128) 23% (96) 24% (63)
Myocardial infarction 13% (89) 21% (64) 21% (46) 28% (24) 37% (12)
Stroke 3% (95) 4% (73) 5% (52) 5% (33) 10% (18)
Recurrent ST* 11% (91) 12% (68) 14% (47) 14% (29) 18% (14)
Recurrent ST** 15% (91) 17% (68) 19% (46) 19% (28) 23% (14)
Estimated event rates are expressed as a percentage based on Kaplan-Meier estimates, with the remaining number at risk for each time point listed in
parenthesis. *Definite recurrent ST. **Definite or probable recurrent ST. MACCE: major adverse cardiovascular and cerebrovascular events (defined as
all-cause mortality, MI, and stroke); ST: stent thrombosis

Table 5. Multivariable Cox proportional hazard model for
occurrence of subsequent MACCE during 5-year follow-up after
first stent thrombosis.

Hazard ratio
p-value

(95% ClI)
Age (per 10 years) 1.5(1.3-1.7) <0.001
Female gender 1.45(0.77-2.76 0.3
Diabetes mellitus 1.69 (1.04-2.74 0.03
Active smoking 2.44 (1.47-4.07 0.001
ST at bifurcation 2.67 (1.44-4.07 0.002
STin LAD

ST of DES (vs. BMS) 1.21(0.63-2.30 0.6

Use of IVUS during treatment of ST 0.68 (0.34-1.26 0.2

Use of thrombectomy during treatment of ST|  1.15 (0.68-1.94 0.6

)
)
)
)
1.07 (0.88-1.31) 0.5
)
)
)
)

New stent implanted during treatment of ST|  1.21 (0.68-2.15 0.5

BMS: bare metal stent; DES: drug-eluting stent; IVUS: intravascular ultrasound; LAD: left
anterior descending artery; MACCE: major adverse cardiovascular and cerebrovascular
events (defined as all-cause mortality, MI, and stroke); ST: stent thrombosis

Figure 3A and Figure 3B show the estimated hazard functions
for all-cause mortality and MACCE over time. Plotting the hazard
function over time revealed an early hazard of MACCE during the
first two years, a relatively low hazard between two and four years,
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and a subsequent increased hazard of recurrent events after four
years. In a sensitivity analysis excluding patients who had an in-
hospital event during treatment of the initial stent thrombosis, the
hazard ratios for predictors of long-term outcomes had similar point
estimates when compared to the full model (Table 6).

Discussion
This study represents the longest follow-up available for the larg-
est cohort of North American patients presenting with stent throm-
bosis. In this study of 239 stent thrombosis cases occurring in
221 patients, we showed that: 1) long-term event rates were ele-
vated with 22% MACCE at one year and 41% at five years; 2) one-
year mortality (including in-hospital mortality) in patients with
ST who survive to coronary angiography is lower than previously
reported; 3) definite or probable recurrent ST is not uncommon at
15% at one year and 23% at five years; 4) age, presence of dia-
betes mellitus, active smoking, and ST at a coronary bifurcation
were associated with MACCE; and 5) there appears to be a bimodal
temporal pattern associated with MACCE and mortality, with
a possible late hazard of recurrent events years after the initial ST.
These findings provide an important perspective in relation
to four other large studies on ST outcomes. Tabhle 7 summarises
the key findings of this study when compared with other large
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Figure 1. Kaplan-Meier curves showing MACCE events according to timing of stent thrombosis relative to index procedure.
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Figure 2. Kaplan-Meier curves showing all-cause mortality (4) and
MACCE (B) over time.

long-term series in the literature. Most importantly, long-term mor-
tality rates were 15% and 24% at two and five years, respectively,
consistent with these published reports: van Werkum reported
two-year all-cause mortality of 12%?, while Kimura et al reported
mortality ranging from 23.3% to 27.8%?. Almalla et al reported
one-year and long-term (mean 65 months) mortality of 23.8% and

Table 6. Cox proportional hazards model for MACCE after stent
thrombosis, excluding patients with an in-hospital adverse event.
Hazard ratio
(95% Cl)
1.4 (1.2-1.6) <0.001

p-value

Age (per 10 years)

Female gender 1.25(0.47-1.44) 0.2

Diabetes 1.77 (1.04-3.03) 0.04

Active smoking 2.91 (1.68-5.06) 0.001

ST at bifurcation 2.00 (0.95-4.19) 0.06

ST in LAD 1.17 (0.94-1.44) 0.2

ST of DES (vs. BMS) 1.13 (0.52-2.50) 0.8

Use of IVUS during treatment of ST | 0.68 (0.35-1.32) 0.3

Use of thrombectomy during

treatment of ST LU 0ez a2 08

New stent implanted during

treatment of ST LAS 0772154 0.3

BMS: bare metal stent; DES: drug-eluting stent; IVUS: intravascular
ultrasound; LAD: left anterior descending artery; MACCE: major adverse
cardiovascular and cerebrovascular events (defined as all-cause
mortality, MI, and stroke); ST: stent thrombosis

Long-term results of coronary stent thrombosis
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Figure 3. Estimates of hazard plots for all-cause mortality (4) and
MACCE (B) over time.

35.6%, respectively®. This is despite some differences in the study
populations. For example, the study by van Werkum et al included
431 patients in Europe, of whom the vast majority had acute and
subacute ST (73.6%), with only 13.2% very late ST°. Similarly,
Almalla et al showed that, of the 117 cases in their series from
Germany, 80.9% had early ST. Kimura’s paper from the Japanese
RESTART registry similarly had a majority of early stent thrombo-
sis (52.7%)> In contrast to these studies, Armstrong et al showed,
in a study of more than 7,000 ST cases from the ACC-NCDR reg-
istry, that the majority of ST cases were very late (60%)' (NB:
Armstrong’s study was not included in Table 7 as it only reported
in-hospital outcomes). In our study, the majority of cases had very
late ST (51%).

Recent trials of acute coronary syndrome (including STEMI)
showed one-year mortality rates ranging from 3.5%-4.8% in
the HORIZONS-AMI study’, 3.0-3.2% in the TRITON TIMI-
38 study®, and 4.5-6.9% in the PLATO trial®. The high rates of
late mortality in ST highlight the high-risk nature of ST, per-
haps suggesting the deleterious effects of an acute coronary syn-
drome occurring on a background of pre-existing disease. In
addition, it is concerning that there appears to be a second peak
in the MACCE events occurring at approximately 48 months
(Figure 3A, Figure 3B), giving a bimodal distribution to the occur-
rence of MACCE events, including mortality, after the index stent
thrombosis. This is the first study to report such a finding and
may represent the natural history of progressive atherosclerosis
and CAD or a function of the sample size. Regardless of this,
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Table 7. Summary of key findings in large stent thrombosis case series.

Study (first author) ‘ van Werkum?® ‘ Kimura? Almalla® Current study
No. of events (No. of patients) 431 611 (611) 106 239 (221)
Time period Jan 2004 - Feb 2007 May 2004 - Jun 2008 | Jan 2003 - Mar 2011 Jan 2005 - Aug 2013
% acute and subacute ST /858 52.7 81 33
% very late ST 13.2 30.1 12.3 51
Aspiration thrombectomy use, % 12.8 69-81 15.1 58
Duration of follow-up 27.1 months (median) 1 year 64.5 months (median) 3.7 years (median)
In-hospital or 30-day mortality, % 6.3 (hospital) 6.3-14.8 (30-day) 17.9 (hospital) 5% (hospital)
1-year mortality, % 10.7 4.6 23.8 13
2-year mortality, % 12.0 23.3-27.8 N/A 15
3-year mortality, % 15.4 N/A N/A 17
5-year mortality, % N/A N/A 35.6 24
N/A: not available; ST: stent thrombosis

other investigators should examine their data for this possible late
MACCE occurrence, and ongoing follow-up will be important to
determine if the trend persists.

Consistent with other investigators, recurrent ST is not uncom-
mon. In our series, 11% and 15% had a recurrent definite or defi-
nite/probable ST event, respectively, at one year. At five years, the
rates were 18% and 23%, respectively. The reasons for recurrent ST
remain unclear but could potentially include thienopyridine or aspi-
rin non-responsiveness, chronic medication non-adherence or other
undefined mechanical factors.

The proportion of patients on dual antiplatelet therapy at the time
of initial presentation was 44% for the whole cohort and includes
those who presented with very late ST. Of note, medication non-
compliance was noted in only 18% of the study cohort. This regis-
try included patients from 2005-2013 during which period the AHA
and ACC recommended a minimum duration of one year with dual
antiplatelet therapy in patients who received DES!. The proportion
of those who received DES in our cohort exceeds 70%. This poten-
tially longer duration of dual antiplatelet therapy may have influ-
enced the timing of ST presentation in the present study. Regardless
of this, our study shows that the concern regarding very late ST
remains valid. Half of the study cohort presented with very late ST
at a time when dual antiplatelet therapy was not mandated. These
more recent studies were performed using second- and third-gener-
ation drug-eluting stents which are composed primarily of cobalt-
chromium and other alloys, and use everolimus or zotarolimus
instead of stainless steel and paclitaxel or sirolimus.

Although hypertension was less common in patients with
MACCE, there is no obvious mechanistic connection between
hypertension and stent thrombosis outcomes, unless an increased
prevalence of hypertension is collinear with other characteristics.
While we did include a description of this in the univariate anal-
ysis, hypertension was not a predictor of long-term outcomes on
multivariable analysis, primarily because it was collinear with age
and diabetes. On the other hand, our study showed that age, diabe-
tes mellitus, active smoking and ST at a coronary bifurcation were
independently associated with the occurrence of MACCE up to five

years from the index event. In particular, active smoking was asso-
ciated with an odds ratio of 2.44 while that of occurrence at a bifur-
cation was 2.67. We have previously reported that ST at a coronary
bifurcation is associated with an increased risk of both short and
long-term major adverse cardiovascular events'!. As shown in these
long-term data, these effects persist and perhaps represent the larger
area of myocardium affected.

Limitations

This is a retrospective and observational study with its inherent limi-
tations. These include the lack of uniform use of intravascular ultra-
sound, which could have provided important mechanistic information
regarding mechanical causes for ST, including restenosis with super-
imposed thrombosis, stent malapposition and underexpansion'>'.
Second, routine point-of-care testing for aspirin or thienopyridine
hypo/non-responsiveness was not performed'*'¢. Third, the study
design only included patients who presented to the cardiac catheteri-
sation laboratory with definite ST. A significant proportion of patients
with ST probably suffered sudden cardiac death and hence the study
is only applicable to patients who survive to undergo angiography.
Fourth, because patients had differential follow-up within the hospi-
tal systems, we were unable to determine accurately the duration of
dual antiplatelet therapy after percutaneous coronary intervention for
ST. This in turn may affect MACCE outcomes. In addition, given the
retrospective nature of the study, long-term follow-up is unlikely to
be complete. However, we have reported mortality using the SSDI,

which would mitigate this limitation.

Conclusions

In this large multicentre California registry, the majority of patients
with definite stent thrombosis and acute coronary syndromes pre-
sented with very late stent thrombosis. Long-term MACCE and
mortality rates are significant at 41% and 24%, respectively. After
multivariable analysis, only age, active smoking, diabetes mel-
litus and bifurcation disease were independently associated with
MACCE. There also appears to be a late hazard risk for death and
MACCE which will require further investigation.



Impact on daily practice

The majority of patients with definite stent thrombosis and acute
coronary syndromes reported in this paper presented with very
late stent thrombosis. Definite or probable recurrent stent throm-
bosis is not uncommon with rates of 15% at one year and 23%
at five years. Long-term MACCE and mortality rates, at up to
five years, are significant at 41% and 24%, respectively. After
multivariable analysis, only age, active smoking, diabetes mel-
litus and bifurcation disease were independently associated with
MACCE. There also appears to be a late hazard risk for death
and MACCE which will require further investigation.
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