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Osteoprotegerin Is Associated With Major Bleeding But Not With
Cardiovascular Outcomes in Patients With Acute Coronary
Syndromes: Insights From the PLATO (Platelet Inhibition and Patient

Outcomes) Trial
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Background—Elevated levels of osteoprotegerin, a secreted tumor necrosis factor—related molecule, might be associated with
adverse outcomes in patients with coronary artery disease. We measured plasma osteoprotegerin concentrations on hospital
admission, at discharge, and at 1 and 6 months after discharge in a predefined subset (n=5135) of patients with acute coronary
syndromes in the PLATO (Platelet Inhibition and Patient Outcomes) trial.

Methods and Results—The associations between osteoprotegerin and the composite end point of cardiovascular death,
nonprocedural spontaneous myocardial infarction or stroke, and non—coronary artery bypass grafting major bleeding during 1 year
of follow-up were assessed by Cox proportional hazards models. Event rates of the composite end point per increasing quartile
groups at baseline were 5.2%, 7.5%, 9.2%, and 11.9%. A 50% increase in osteoprotegerin level was associated with a hazard ratio
(HR) of 1.31 (95% confidence interval [CI], 1.21-1.42) for the composite end point but was not significant in adjusted analysis (ie,
clinical characteristics and levels of C-reactive protein, troponin T, NT-proBNP [N-terminal pro-B-type natriuretic peptide], and
growth differentiation factor-15). The corresponding rates of non—coronary artery bypass grafting major bleeding were 2.4%, 2.2%,
3.8%, and 7.2%, with an unadjusted HR of 1.52 (95% CI, 1.36—1.69), and a fully adjusted HR of 1.26 (95% CI, 1.09—-1.46). The
multivariable association between the osteoprotegerin concentrations and the primary end point after 1 month resulted in an HR
of 1.09 (95% Cl, 0.89—1.33); for major bleeding after 1 month, the HR was 1.33 (95% Cl, 0.91-1.96).

Conclusions—In patients with acute coronary syndrome treated with dual antiplatelet therapy, osteoprotegerin was an
independent marker of major bleeding but not of ischemic cardiovascular events. Thus, high osteoprotegerin levels may be useful
in increasing awareness of increased bleeding risk in patients with acute coronary syndrome receiving antithrombotic therapy.
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Clinical Perspective

What Is New?

* In patients with acute coronary syndrome treated with dual
antiplatelet therapy, osteoprotegerin was an independent
marker of major bleeding after adjustment for clinical risk
factors and multiple biomarkers prognostic for both cardio-
vascular events and bleeding, but it was not a marker of
ischemic cardiovascular events.

What Are the Clinical Implications?

High osteoprotegerin levels may be useful in increasing
awareness of increased bleeding risk in patients with acute
coronary syndrome receiving antithrombotic therapy.

O steoprotegerin, a member of the tumor necrosis factor
receptor superfamily, exerts pleiotropic effects on bone
metabolism, endocrine function, and vascular inflammation,’
at least partly through acting as a decoy receptor for the
receptor activator of nuclear factor-kB ligand.' Osteoprote-
gerin may colocalize with von Willebrand factor (VWF) in
platelets and on endothelial cells and is rapidly released by
inflammatory stimuli.>* Furthermore, osteoprotegerin is
expressed within the failing myocardium in both experimental
and clinical heart failure,® and osteoprotegerin expression has
been observed in thrombotic material obtained from the site
of plaque rupture during myocardial infarction (MI)."’ Thus,
osteoprotegerin seems to be a multifaceted mediator with
relevance for vascular and atherosclerotic disorders, although
details of its pathways of actions are still sparsely under-
stood.”™*

Circulating biomarkers provide independent information on
risk for adverse outcomes on top of established demographic
and clinical variables in patients with acute coronary
syndromes (ACSs).””'" In addition to the established natri-
uretic peptides and cardiac troponins, which have been
extensively evaluated and shown to be suitable biomarkers for
prognosis and/or risk stratification of ACS,'®'® the recently
characterized inflammatory marker, growth differentiation
factor-15 (GDF-15), may also provide additional clinically
useful prognostic information in ACS.'* Also, cystatin C, a
marker of kidney function, has recently gained increasing
relevance as an independent marker of mortality in ACS.'
Accordingly, we have recently shown that NT-proBNP
(N-terminal pro-B-type natriuretic peptide),””'® high-sensitivity
troponin T (hs-TnT),>'® GDF-15,27"% and cystatin C’ display
independent associations with cardiovascular outcomes,
including cardiovascular death, in the PLATO (Platelet Inhibi-
tion and Patient Outcomes) trial. Therefore, they represent
important adjustment variables for evaluating the indepen-
dent contribution of new biomarkers to prognosis.

Elevated osteoprotegerin levels have similarly been asso-
ciated with all-cause mortality'®'” and cardiovascular out-
comes, like MI'® and heart failure,’ in patients with
established coronary artery disease or ACS. In addition to
the potential modulatory role of osteoprotegerin on hemosta-
sis through interactions with VWF, elevated circulating
osteoprotegerin concentrations have been associated with
increased risk of bleeding complications in patients with
polycythemia vera,* a condition with increased risk of both
thrombotic and hemorrhagic complications. Nonetheless, the
clinical importance of osteoprotegerin as a risk factor of
bleeding complications has never been reported in patients
with ACS.®

The PLATO trial encompassed a broad ACS population and
proved ticagrelor to be superior to clopidogrel in reducing the
composite end point of cardiovascular mortality, MI, or stroke.
There was no difference in the overall rates of major bleeding,
but there was an increase in bleeding unrelated to coronary
artery bypass grafting (CABG).?%?" In the current PLATO trial
substudy, we evaluated osteoprotegerin levels on hospital
admission and during 6 months of follow-up after ACS,
together with important prognostic biomarkers, in relation to
the composite end point of cardiovascular death, sponta-
neous MI, and stroke as well as to major non—CABG-related
bleeding.?>?" Finally, we explored the changes over time in
osteoprotegerin concentrations from admission through
6 months of follow-up.

Methods
Design and Study Population

The randomized placebo-controlled PLATO trial included a
total of 18 624 patients with ACS.?%?" The data, analytic
methods, and study materials will not be made available to
other researchers for purposes of reproducing the results or
replicating the procedure. The patients presented with either
ST-segment—elevation (STE) ACS or non-STE ACS and were
randomized to either clopidogrel or ticagrelor treatment in
addition to optimal medical therapy, including aspirin, and
optional invasive therapy.?®?' The need for additional oral
anticoagulant therapy (ie, triple therapy) after inclusion was a
contraindication in the PLATO trial. Patients were recruited
between October 11, 2006 and July 17, 2008, and were
followed up for up to 12 months after ACS.

Venous blood samples were obtained from all patients at
randomization as part of the main study. In addition, there
was a predefined substudy with serial blood sampling
conducted at selected sites aiming to obtain samples from
4000 patients at hospital discharge and after 1 month and
from at least 3000 of these patients also at 6 months.?%2" All
patients at these selected sites were continuously invited to
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the substudy, and inclusion of new patients proceeded until it
was estimated that at least 3000 patients would be available
for blood sampling at 6 months. Patients with a blood sample
at baseline and at least 1 additional blood sample during
follow-up were eligible for inclusion in the current analyses.
The overall aims of the biomarker substudy program have
previously been published.??' The study adhered to the
Declaration of Helsinki, the research protocol was approved
by national and institutional regulatory and ethics commit-
tees, and written informed consent was obtained from the
patients.

End Point Definition and Follow-Up

The prespecified primary end point of the present substudy
was the composite of cardiovascular death (defined as any
cardiovascular cause of death, sudden death, or any death
with no clear attributable noncardiovascular cause), sponta-
neous MI (defined as non—procedure-related, nonfatal, Ml type
1%2), or stroke within 1 year of follow-up.?° The components
of the composite end point were also evaluated separately.
The secondary end point was PLATO-defined non-CABG major
bleeding, defined as follows: bleeding that was fatal, bleeding
that was intracranial, bleeding that required >2 U of blood
transfusion, or bleeding with a decrease in hemoglobin of
>5 g/dL? (but not if directly related to a CABG operation).°
All end points in the PLATO trial were centrally adjudicated by
an independent and blinded clinical events adjudication
committee (A.A. and S.K..), comprising cardiologists or
neurologists, to subclassify causes of death and to subdivide
types of MI, stroke, and bleeding events.?%??

Sampling and Laboratory Analysis

Baseline venous blood samples were obtained within
24 hours of admission, before the administration of study
medication. The venous blood was centrifuged, and the
plasma samples were locally frozen in aliquots and stored at
—70°C in a central repository at Uppsala Biobank until
biochemical analyses were performed. Osteoprotegerin con-
centrations were determined by enzyme-linked immunoassay
(R&D Systems, Stillwater, MN), as previously described and
validated.”® Briefly, wells were coated overnight with mono-
clonal mouse anti-human osteoprotegerin antibody in sterile
PBS. The standard was recombinant osteoprotegerin. Subse-
quent steps included biotinylated polyclonal goat anti-human
osteoprotegerin, streptavidin horseradish peroxidase, and
tetramethylbenzidine as substrate (ThermoFisher Scientific,
By, MA). The mean recovery of 2 samples spiked with
different concentrations of recombinant osteoprotegerin was
93%. The intra-assay and interassay coefficients of variation of
osteoprotegerin in the present study were 2.6% and 6.0%,

respectively. The sensitivity, defined as the mean+3 SDs of
the zero standard, was calculated to be 15 pg/mL.

Hs-TnT, NT-proBNP, and cystatin C were determined with
sandwich immunoassays on the Cobas Analytics e601
Immunoanalyzer (Roche Diagnostics, Mannheim, Germany).
White blood cell (WBC) count and high-sensitivity C-reactive
protein (hs-CRP) were analyzed at the UCR Laboratory
(Uppsala, Sweden), with a spectrophotometric analysis
(Architect; Abbott, IL). GDF-15 was measured with a precom-
mercial assay (Roche Diagnostics) using a monoclonal mouse
antibody for capture and a monoclonal mouse antibody
fragment for detection in a sandwich assay format. The
results of these analyses in relation to outcomes and effects
of study treatment have previously been reported.® '

Statistical Analysis

Osteoprotegerin concentrations at all time points are pre-
sented as medians with interquartile ranges (IQRs). The
changes of osteoprotegerin concentration over time were
tested by Wilcoxon signed-rank test. Baseline characteristics
are presented by osteoprotegerin quartile groups. Categorical
baseline variables are presented as frequencies and percent-
ages and compared by quartile groups of osteoprotegerin
using y? tests. Continuous baseline variables are presented as
medians and IQRs and compared by quartile groups of
osteoprotegerin using the Kruskal-Wallis test. Natural loga-
rithmic transformations were performed for biomarker levels
to obtain an approximate normal distribution. The relationship
between osteoprotegerin and baseline characteristics and
biomarkers was assessed by multivariable linear models. We
calculated geometric means using the antilogarithms of the
model-adjusted means (ie, predicted marginal means) and
subsequently compared geometric means between groups
(eg, men/women) using ratios.

Crude event rates at 1 year, by osteoprotegerin quartile
groups at baseline, were estimated, as were Kaplan-Meier
event rates. The functional form of the relationship between
osteoprotegerin and outcomes was explored using cumulative
sums of martingale residuals and restricted cubic splines.?*
The associations of osteoprotegerin concentrations (logarithm
transformed), on admission, with the composite end point of
cardiovascular death, spontaneous MI, or stroke and the
secondary end points of cardiovascular death and bleeding
were assessed by multivariable Cox proportional hazards
models. The hazard was based on a 50% increase in
biomarker concentration. Six models, with incremental addi-
tion of covariates, were used. Model 1 included the random-
ized treatment (ticagrelor or clopidogrel). Model 2 added the
following clinical baseline risk factors: age, sex, body mass
index, diabetes mellitus, chronic kidney disease, hyperten-
sion, smoking status, type of ACS, and history of heart failure,
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MI, percutaneous coronary intervention, CABG, stroke, or
peripheral artery disease. Model 3 included all variables from
model 2 together with hs-CRP level and WBC count. Model 4
included all the previously mentioned covariates with the
addition of cystatin C, a marker of kidney dysfunction, which
is strongly associated with an adverse outcome in this
population.” Model 5 included all previously mentioned
variables in addition to hs-TnT and NT-proBNP. Model 6
included all previously mentioned variables and GDF-15. For
end points where osteoprotegerin was significantly associated
in model 6, discrimination was assessed using the Harrell
C-index. The multivariable models with and without osteopro-
tegerin were compared in terms of global model fit using
likelihood ratio tests.

The effects of osteoprotegerin levels on outcomes in
relation to predefined subgroup factors (ie, randomized
treatment, ACS type, invasive/noninvasive in-hospital treat-
ment approach, diabetes mellitus, sex, and smoking) were
evaluated using Cox proportional hazards models. These
models included quartile-divided osteoprotegerin levels, the
respective subgroup factor, and the osteoprotegerin subgroup
factor interaction term as independent variables. The propor-
tional hazards assumption was assessed by visual inspection
of Schoenfeld residual plots. A 2-sided P<0.05 was consid-
ered to be statistically significant, and there were no
adjustments for multiple comparisons. All statistical analyses
were performed with SAS 9.4 (SAS Institute, Cary, NC).

Results

Osteoprotegerin at Baseline and in Relation to
Baseline Characteristics

Baseline osteoprotegerin concentrations were available in
5135 patients, with a median (IQR) of 2.65 (2.02-3.62) ng/
mL. The blood samples for osteoprotegerin analysis were
collected a median (IOR) of 15 (IQR, 8-21) hours after the
index event or a median (IQR) of 10 (3—17) hours after
admission.

The background characteristics for the entire study
population with biomarkers available at baseline (n=16 401)
have previously been reported.” Baseline characteristics by
osteoprotegerin quartile groups are presented in Table 1 and
showed that higher osteoprotegerin levels were associated
with several demographic features and several biomarkers.
Multivariable linear regression identified increasing age,
female sex, STE ACS, increasing levels of hs-TnT, GDF-15,
hs-CRP, and WBC, and lower cystatin C as the most prominent
predictors of osteoprotegerin at baseline (Table 2). In con-
trast, the hs-TnT level was not associated with osteoprote-
gerin levels at 1 month. Age, female sex, GDF-15, and hs-CRP
were the strongest predictors of osteoprotegerin at 1 month.

Osteoprotegerin Concentrations During Follow-
Up

In patients with a baseline osteoprotegerin concentration and
at least 1 follow-up sample (N=4679), the median (IQR)
concentration was 2.65 (2.02-3.62) ng/mL at baseline.
Figure 1 shows osteoprotegerin levels during 6 months of
follow-up. No blood samples were obtained beyond 6 months
of follow-up. Osteoprotegerin decreased significantly at
hospital discharge (median [IQR], 2.33 [1.83-3.03] ng/mL;
P<0.0001 versus baseline; n=4563) and further at 1 month
(median [IOR], 2.24 [1.80-2.85] ng/mL; P<0.0001 versus
baseline; n=4237), with a similar level at 6 months (median
[IGR], 2.23 [1.81-2.80] ng/mL; P<0.0001 versus baseline;
n=3084). No effects of randomized treatment were seen on
osteoprotegerin levels at any time point (Table 3).

Osteoprotegerin and Cardiovascular Outcomes

During a predefined follow-up of 1 year (median, 9 months),
the primary end point was observed in 434 patients (8.5%;
193 cardiovascular fatalities, 241 spontaneous Mls, and 62
stroke events). Restricted cubic spline analysis revealed a
relatively linear association between high osteoprotegerin
levels at baseline and incidence of the primary end point
(Figure 2). Kaplan-Meier analysis (Figure 3A) revealed
increasing event rates for the composite end point by
quartiles of baseline osteoprotegerin: 5.2%, 7.5%, 9.2%, and
11.9% for quartiles 1 to 4, respectively. As shown in
Figure 4A, the unadjusted hazard ratio (HR) and 95% confi-
dence interval (Cl), per 50% increase in baseline osteoprote-
gerin concentration, was 1.31 (1.21-1.42). The association
remained significant after adjustment for clinical characteris-
tics and biomarkers of inflammation (ie, hs-CRP and WBC
count). However, after full multivariable adjustment, including
the cardiac biomarkers and GDF-15, the HR (95% CI) was 0.98
(0.88—1.09). The HR for cardiovascular death alone was
strongly attenuated and not significant after the addition of
hs-CRP and WBC count. Admission osteoprotegerin levels
were not associated with risk of stroke, whereas the
association with spontaneous MI was not significant after
adjustment for clinical characteristics (Table 4).

Osteoprotegerin and Major Bleeding

During follow-up, 200 patients had at least 1 non—-CABG-
related major bleeding event. Cubic spline analysis indicated
an increase in risk of non—CABG-related major bleeding from
the third quartile (>2.7 ng/mL) of osteoprotegerin at admis-
sion (Figure 2). As shown in the Kaplan-Meier graph (Fig-
ure 3B), a particularly high risk of bleeding was found among
patients in the top quartile group of osteoprotegerin
(>38.6 ng/mL), with an HR (95% CI) of 3.19 (2.12-4.79)
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Table 1. Baseline Characteristics and Biomarkers by Quartiles of Osteoprotegerin Concentrations at Baseline

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Characteristic (<2.0 ng/mL) (n=1283) (2.0-2.7 ng/mL) (n=1284) (2.7-3.6 ng/mL) (n=1284) (>3.6 ng/mL) (n=1284) P Value*
Age, y 56 (50-63) 62 (54-69) 65 (56-72) 67 (57-75) <0.0001
Female sex 273 (21.3) 361 (28.1) 429 (33.4) 474 (36.9) <0.0001
Weight, kg 82 (73-93) 81 (72-90) 80 (70-89) 78 (68-90) <0.0001
BMI, kg/m? 27.8 (25.3-30.9) 27.8 (25.3-30.9) 27.5 (24.8-30.4) 27.2 (24.7-30.5) 0.0005
Risk factors
Habitual smoker 503 (39.2) 500 (38.9) 448 (34.9) 440 (34.3) 0.0104
Hypertension 787 (61.3) 846 (65.9) 884 (68.8) 870 (67.8) 0.0003
Dyslipidemia 569 (44.3) 558 (43.5) 551 (42.9) 495 (38.6) 0.0148
Diabetes mellitus 204 (15.9) 255 (19.9) 318 (24.8) 364 (28.3) <0.0001
Medical history
Angina pectoris 623 (48.6) 603 (47.0) 618 (48.1) 546 (42.5) 0.0080
Myocardial infarction 250 (19.5) 263 (20.5) 259 (20.2) 231 (18.0) 0.3893
Congestive heart failure 45 (3.5) 63 (4.9) 81 (6.3) 107 (8.3) <0.0001
PCI 190 (14.8) 179 (13.9) 129 (10.0) 136 (10.6) 0.0002
CABG 51 (4.0) 68 (5.3) 71 (5.5) 66 (5.1) 0.2731
TIA 5(1.2) 29 (2.3) 41 (3.2) 28 (2.2) 0.0066
Nonhemorrhagic stroke 34 (2.7) 35 (2.7) 57 (4.4) 49 (3.8) 0.0313
Peripheral arterial disease 9 (5.4) 84 (6.5) 101 (7.9) 92 (7.2) 0.0776
Chronic kidney disease 22 (1.7) 31 (2.4 48 (3.7) 78 (6.1) <0.0001
ST-segment-elevation Ml 517 (40.3) 571 (44.5) 598 (46.6) 666 (51.9) <0.0001
GRACE risk score 124.0 (109-139) 133.0 (117-149) 137.0 (120-154) 143.0 (126-162) <0.0001
In-hospital medication
Aspirin 1263 (98.4) 1266 (98.6) 1259 (98.1) 1264 (98.4) 0.7270
Unfractionated heparin 661 (51.5) 699 (54.4) 691 (53.8) 756 (58.9) 0.0021
LMWH 714 (55.7) 688 (53.6) 702 (54.7) 666 (51.9) 0.2539
Fondaparinux 16 (1.2) 24 (1.9 21 (1.6) 12 (0.9) 0.1946
Bivalirudin 21 (1.6) 23 (1.8 16 (1.2) 16 (1.2) 0.5656
Glycoprotein lb/llla 325 (25.3) 329 (25.6) 343 (26.7) 368 (28.7) 0.2135
inhibitor
{3 Blockers 1129 (88.0) 1118 (87.1) 1112 (86.6) 1112 (86.6) 0.6884
ACE inhibition and/or ARB 1103 (86.0) 1092 (85.0) 1131 (88.1) 1136 (88.5) 0.0265
Cholesterol lowering 1210 (94.3) 1193 (92.9) 1199 (93.4) 1209 (94.2) 0.4181
(statin)
Biomarkers
Hs-TnT, ng/L 119.0 (30.2-353.0) 158.0 (40.2-478.0) 135.0 (33.2-505.0) 274.5 (60.7-963.0) <0.0001
NT-proBNP, pmol/L 260 (102-593) 402 (136-932) 458 (143-1269) 728 (200-2215) <0.0001
Cystatin, mg/L 0.77 (0.65-0.90) 0.81 (0.65-0.97) 0.84 (0.69-1.05) 0.87 (0.69-1.11) <0.0001
GDF-15 1214 (960.8-1601) 1447 (1126-1918) 1638 (1220-2263) 2026 (1465-2996) <0.0001
Hs-CRP, mg/L 2.6 (1.3-6.0) 3.2 (1.4-6.9) 3.9 (1.6-10.0) 5.1 (2.1-16.0) <0.0001

Data are given as median (quartile 1—quartile 3) or number (percentage). ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CABG,

coronary artery bypass grafting; GDF-15, growth differentiation factor-15; GRACE, Global Registry of Acute Coronary Events; hs-CRP, high-sensitivity C-reactive protein; hs-TnT, high-

sensitivity troponin T; LMWH, low-molecular-weight heparin; MI, myocardial infarction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PCl, percutaneous coronary intervention; and

TIA, transient ischemic attack.

*P values from the xz test (categorical variables) or the Kruskal-Wallis test (continuous variables).
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Table 2. Strongest Predictors of Osteoprotegerin Levels at Baseline and 1 Month

Baseline 1 Month
Background Characteristic N P Value N P Value
Ticagrelor 1509 0.999 (0.978-1.021) 0.9536
Age, 10-y increase 4406 1.096 (1.081-1.111) <0.0001 3035 1.102 (1.087-1.116) <0.0001
Female sex 1319 1.088 (1.059-1.117) <0.0001 894 1.072 (1.045-1.100) <0.0001
STE-ACS 2052 1.104 (1.075-1.134) <0.0001 1471 0.972 (0.948-0.996) 0.0236
Hs-TnT, 10% increase 4406 1.002 (1.001-1.002) <0.0001 3035 1.000 (0.998-1.002) 0.9237
GDF-15, 10% increase 4406 1.023 (1.020-1.026) <0.0001 3035 1.013 (1.010-1.016) <0.0001
Cystatin-C, 10% increase 4406 0.991 (0.987-0.995) <0.0001 3035 1.003 (0.999-1.008) 0.1612
Hs-CRP, 10% increase 4406 1.004 (1.003-1.005) <0.0001 3035 1.003 (1.002-1.004) <0.0001
WBC count, 10% increase 4406 1.011 (1.007-1.015) <0.0001 3035 1.007 (1.002—1.011) 0.0022

GDF-15 indicates growth differentiation factor-15; hs-CRP, high-sensitivity C-reactive protein; hs-TnT, high-sensitivity troponin T; STE-ACS, ST-segment—elevation acute coronary syndrome;

and WBC, white blood cell.

versus the lowest quartile. When analyzed as a continuous
variable (Figure 4B), there was a 1.52-fold (95% Cl, 1.36—
1.69) higher risk of bleeding per 50% increase in baseline
osteoprotegerin, which also remained significant after full
multivariable adjustment: HR, 1.26 (95% CI, 1.09—1.46). When
added to the full multivariable model, osteoprotegerin
contributed to discrimination about non—CABG-related major
bleeding (C-index, 0.70 versus 0.71; P=0.0024 from the
likelihood ratio test).

There was also a significant association between osteo-
protegerin and non—procedure-related major bleeding in the
fully adjusted model (n=99; HR, 1.24 [95% CI, 1.02—1.50];
P=0.0325). There were no interactions between osteoprote-
gerin levels and outcomes by randomized treatment or by
other tested subgroups, including type of ACS (STE or non-
STE ACS), diabetes mellitus, age, or sex.

501

4.5

104 P<0.0001

P<0.0001

P<0.0001
3.5

3.0 1

OPG (ng/mL)

2.5

2.0

T T T T
Admission Discharge 1 month 6 months

Figure 1. Box plots of osteoprotegerin levels on hospital
admission and during follow-up.

Osteoprotegerin Concentrations and Outcomes
at 1 Month

Osteoprotegerin levels at 1 month were associated with the
occurrence of the primary composite end point after
1 month (n=240), with an HR (95% CI) of 1.59 (1.38—
1.83). After adjusting for inflammatory markers, the
association between osteoprotegerin at 1 month and the
composite end point was not significant: HR (95% Cl), 1.19
(0.98—1.66) (Figure 4A). The number of non—CABG-related
major bleeding events after 1 month was low (n=75).
Nonetheless, the randomized treatment-adjusted and fully
adjusted HRs (95% Cls) were 1.78 (1.38-2.28) and 1.33
(0.91-1.96), respectively, per 50% increase in osteoprote-
gerin at 1 month (n=47) (Figure 4B). The number of
nonprocedural major bleeding events after 1 month was
58. This limited further statistical analyses.

Discussion

In patients with ACS treated with dual antiplatelet treatment,
the osteoprotegerin concentration was independently associ-
ated with increased risk of bleeding after adjustment for
clinical risk factors and multiple biomarkers prognostic for
both cardiovascular events and bleeding. In contrast, although
there were independent associations between the osteopro-
tegerin level on admission and after 1 month and the primary
composite cardiovascular end point of cardiovascular death,
spontaneous MI, or stroke after adjustment for clinical
characteristics and biomarkers of inflammation, these were
not sustained after complete adjustment for biomarkers of
cardiac function and GDF-15.

This study, for the first time in patients with ACS, showed
that increasing levels of osteoprotegerin were associated with
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Table 3. Effect of Randomized Treatment on Mean Osteoprotegerin Levels at Discharge and at 1 and 6 Months After

Randomization

Visit Treatment n* Mean (SD) Geometric Mean' Ratio of Geometric Means (95% Cl) P Value*

Discharge Ticagrelor 2263 2.62 (1.24) 2.39 1.01 (0.99-1.02) 0.5958
Clopidogrel 2300 2.56 (1.15) 2.38

Month 1 Ticagrelor 2103 2.46 (0.98) 2.28 0.99 (0.97-1.01) 0.2507
Clopidogrel 2134 2.43 (0.91) 2.30

Month 6 Ticagrelor 1513 2.46 (0.94) 2.30 1.01 (0.99-1.04) 0.1730
Clopidogrel 1571 2.39 (0.91) 2.26

Cl indicates confidence interval.

*n includes patients with osteoprotegerin samples available at both baseline and the respective visit.
The geometric means are calculated using the antilogarithms of the model-adjusted means of the logarithm-transformed data.
P values from an ANCOVA model with the natural logarithm of osteoprotegerin as the outcome variable and logarithm baseline osteoprotegerin and randomized treatment (ticagrelor or

clopidogrel) as independent variables.

bleeding complications during antiplatelet treatment. The
magnitude of the association between osteoprotegerin at
admission and bleeding was only marginally affected by the
addition of any biomarker and significantly improved the
performance of the multivariable model, indicating that
the role of osteoprotegerin on bleeding outcomes may be
exerted via pathways not reflected by other biomarkers. The
final addition of novel biomarker GDF-15 was crucial because
this marker has a proven strong association with bleeding
outcomes.® A low circulating level of the endothelial activation

marker VWF is a risk factor for bleeding.?® Osteoprotegerin
binds vWF with high affinity, and this complex is present
in vivo and may influence bleeding risk.>* In addition,
osteoprotegerin may bind VWF reductase, thrombospondin-
1, and in late stages of thrombus formation, this interaction
may promote proteolysis of VWF multimers and prevent
platelet aggregation.? This may be beneficial in limiting further
plaque progression; however, it could also promote bleeding.
Finally, osteoprotegerin is a modulator of vascular calcifica-
tion and is correlated with coronary calcium scores in the
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Figure 2. Restricted cubic splines for osteoprotegerin in all patients at baseline on the investigated
outcomes. CABG indicates coronary artery bypass grafting; Cl, confidence interval; CV, cardiovascular; and

MI, myocardial infarction.
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Figure 3. Kaplan-Meier estimated event rates of the primary outcome (composite of cardiovascular death, spontaneous myocardial
infarction [MI], and stroke; A) and non—coronary artery bypass grafting (CABG)-related major bleeding (B) by quartiles of osteoprotegerin. OPG

indicates osteoprotegerin.

general populations?® and in patients with coronary artery
disease.?” Because the degree of coronary calcification is a
risk factor for non—CABG-related major bleeding in ACS,?® it is
conceivable that the association between osteoprotegerin and
bleeding risk in our study could reflect effects of calcified
arteries on bleeding. Such interactions between osteoprote-
gerin, hemostasis, and calcification warrant further explo-
ration. The serial analyses of osteoprotegerin revealed a
decrease in median levels that stabilized at the 1-month
follow-up. The effect of osteoprotegerin on bleeding and the
univariate association with ischemic end points and mortality
all exhibited numerically greater point estimates at 1 month.
However, the number of events, especially bleeding events,
rapidly decreases after the first month of the follow-up, and
this is reflected by the large Cls at 1 month. Thus, although
the association with bleeding was not significant in the fully
adjusted model at 1 month, our data support that osteopro-
tegerin may be a novel and stable marker for major bleeding
in the setting of ACS and antithrombotic therapy. However,
we are unable to draw any conclusions on a possible
causative role of osteoprotegerin on ischemic events or
bleeding in patients with ACS receiving antithrombotic
therapy. Furthermore, it would also be of interest in
forthcoming studies to evaluate if osteoprotegerin could be
a bleeding biomarker in patients not taking dual antiplatelet
therapy or aspirin monotherapy.

Several biomarkers, on admission for ACS, provide
clinically important information on risk for cardiovascular
morbidity and mortality, including NT-proBNP (myocardial
dysfunction),”'® cardiac troponins (myocardial necrosis),?’
and cystatin C (kidney function).”'’ Circulating osteoprote-
gerin has been reported to be associated with cardiovascular
outcomes, including mortality, MI, and incident heart failure,

in several ACS cohorts.'® " However, although most of
these studies include natriuretic peptides,'®'" tro-
ponins,'®'® and CRP'® '8 in their adjustment strategy,
none include GDF-15, which increases in response to
myocardial stress associated with inflammation and tissue
damage®® and is becoming a recognized biomarker in
ACS.”"®™ In this large study population, the association
between high osteoprotegerin levels at admission and risk of
the primary end point or cardiovascular death was markedly
attenuated and no longer significant after addition of NT-
proBNP, hs-TnT, and GDF-15 to the model that included
clinical variables and inflammatory biomarkers. This finding
suggested that osteoprotegerin in the short-term phase
could reflect a local or systemic inflammatory response to
myocardial necrosis, but could not independently predict
prognosis. Osteoprotegerin is strongly expressed within the
failing myocardium,® correlates with infarct size after ACS,'
and was strongly associated with cardiac troponin levels in
the short-term phase in our study. Thus, a strong influence
of the short-term phase reaction could attenuate the
association with adverse ischemic events, as is seen for
CRP.*? At 1 month, hs-CRP and, in particular, GDF-15 were
among the strongest predictors of osteoprotegerin; they are
more closely related to adverse cardiovascular outcomes in
our cohort and could, therefore, partly explain the lack of
association with outcomes, compared with other studies that
lack GDF-15 measurements. Differences compared with our
previous report in 897 patients with ACS, in whom an
association between high osteoprotegerin levels at admis-
sion and all-cause mortality was observed, could also be
attributable to the markedly longer follow-up time
(89 months) and, thus, a larger proportion and incidence
of fatalities.'” Nonetheless, similar to the present study, the
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Figure 4. Forest plot of hazard ratios (HRs) and 95% confidence intervals (Cls) per 50% increase in osteoprotegerin concentration on the
primary composite end point (A) and the secondary end point of non—coronary artery bypass grafting (CABG) major bleeding (B) during up to
1 year of follow-up. HRs are presented per 50% increase in biomarker level and are presented after incremental addition of covariates, as
detailed left of A and in Statistical Analysis. Point estimates in blue indicate baseline levels, whereas red indicates 1-month samples. CRP
indicates C-reactive protein; CV, cardiovascular; GDF-15, growth differentiation factor-15; hs-TnT, high-sensitivity troponin T; MI, myocardial
infarction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and WBC, white blood cell.

relationship between osteoprotegerin and M| was not
significant in adjusted analysis."” Also, in a study by
Roysland et al, who evaluated osteoprotegerin in 4463
patients with non-STE ACS with a similar follow-up as our
study,'® the association with MI was not present in adjusted
analysis, although an association with cardiovascular death
persisted in adjusted analysis.

Limitations

The current study provides insights to the role of osteopro-
tegerin in a population with ACS, but it has some limitations.
The PLATO trial comprises a broad population with ACS.
However, patients requiring dialysis or with recent significant
bleeding were not eligible. Furthermore, because mortality

Table 4. Associations Between Continuous (HRs per 50% Increase in Osteoprotegerin) or Quartiles of Osteoprotegerin at Baseline

(n=5135) and 1 Month (n=4233) and Outcome

Cardiovascular Death Mi Stroke
Model Time HR (95% Cl) P Value HR (95% Cl) P Value HR (95% Cl) P Value
1 Baseline 1.47 (1.31-1.64) <0.0001 1.19 (1.07-1.33) 0.0019 1.21 (0.98-1.50) 0.0773
1 Mo 1.87 (1.48-2.35) <0.0001 1.50 (1.25-1.78) <0.0001 1.76 (1.23-2.51) 0.0019
2 Baseline 1.25 (1.10-1.42) 0.0007 1.11 (0.98-1.25) 0.1054 1.10 (0.86-1.39) 0.4460
1 Mo 1.30 (0.99-1.70) 0.0603 1.22 (1.00-1.50) 0.0517 1.55 (1.02-2.34) 0.0384
3 Baseline 1.05 (0.92-1.22) 0.4604 1.09 (0.95-1.26) 0.2037 1.09 (0.83-1.43) 0.5330
1 Mo 1.05 (0.74-1.50) 0.7886 1.20 (0.94-1.53) 0.1399 1.25 (0.74-2.12) 0.4047
4 Baseline 1.04 (0.90-1.20) 0.6005 1.09 (0.95-1.25) 0.2382 1.08 (0.82—1.41) 0.5947
1 Mo 0.90 (0.63-1.27) 0.5414 1.16 (0.91-1.49) 0.2255 1.22 (0.72-2.08) 0.4567
5 Baseline 0.97 (0.84-1.12) 0.7054 1.04 (0.90-1.20) 0.5700 1.09 (0.83-1.43) 0.5484
1 Mo 0.88 (0.63-1.24) 0.4753 1.14 (0.90-1.46) 0.2835 1.22 (0.72-2.08) 0.4567
6 Baseline 0.90 (0.78-1.05) 0.1853 0.99 (0.86-1.15) 0.9088 1.16 (0.68-1.98) 0.5785
1 Mo 0.89 (0.64-1.25) 0.5092 1.14 (0.89-1.46) 0.2995 1.49 (0.96-2.29) 0.0722

Cl indicates confidence interval; HR, hazard ratio; and MI, myocardial infarction. Models are described in the Statistical Analysis section in the Methods.
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was lower in the group randomized to ticagrelor, a survival
bias with ticagrelor may have been present. This is important
because ticagrelor is known to have bleeding as an adverse
effect. Also, the number of bleeding events was not sufficient
for subgroup analysis, evaluating the association between
osteoprotegerin levels and different types of bleeding. Finally,
although we evaluated interactions between osteoprotegerin
levels and outcomes by several subgroups (eg, diabetes
mellitus status and type of ACS), increased osteoprotegerin
levels have been observed in a wide range of diseases and
comorbidities,2‘°”33 also associated with adverse outcome (eg,
aortic stenosis®®). Because we were unable to account for
these diseases and comorbidities, we cannot exclude that
they would influence our results. However, our cohort is a
representative population with ACS (ie, no inclusion/exclu-
sion criteria to expect any particular selection).

Conclusion

In patients with ACS treated with dual antiplatelet therapy, we
observed an independent association between osteoprote-
gerin concentrations and the risk of major bleeding both at
baseline and after 1 month. Osteoprotegerin levels were also
associated with ischemic cardiovascular outcomes, even
when adjusting for clinical characteristics and biomarkers of
inflammation and kidney function (but not for cardiac
biomarkers and GDF-15). High osteoprotegerin levels may
be useful in increasing awareness of increased bleeding risk in
patients with ACS receiving antithrombotic therapy.

Acknowledgments

Editorial assistance was provided by Emma Sandberg and Susanna
Thorngvist (Uppsala Clinical Research Center, Uppsala, Sweden).

Sources of Funding

The PLATO (Platelet Inhibition and Patient Outcomes) trial was
funded by AstraZeneca. Support for the analyses, interpreta-
tion of results, and preparation of the manuscript was
provided through funds to the Uppsala Clinical Research
Center as part of the Clinical Study Agreement, and provided
by a grant from the Swedish Strategic Research Foundation.
Roche Diagnostics (Rotkreuz, Switzerland) supported the
research by providing the growth differentiation factor-15
assay free of charge. The authors are entirely responsible for
the design and conduct of this study: all study analyses, the
drafting and editing of the article, and its final contents.

Disclosures

Akerblom received an institutional research grant and speak-
er’s fee from AstraZeneca and an institutional research grant

from Roche Diagnostics. Ghukasyan and Bertilsson received
institutional research grants from AstraZeneca. Becker is a
scientific advisory board member for Janssen, lonis Pharma-
ceuticals, and AstraZeneca and is a member of the safety
review committee for Portola. Himmelmann is an employee of
AstraZeneca. James received an institutional research grant,
honoraria, and a consultant/advisory board fee from AstraZe-
neca; an institutional research grant and consultant/advisory
board fee from Medtronic; an institutional research grant and
honoraria from The Medicines Company; and consultant/
advisory board fees from Janssen and Bayer. Siegbahn received
institutional research grants from AstraZeneca, Boehringer
Ingelheim, Bristol-Myers Squibb/Pfizer, and GlaxoSmithKline.
Storey received institutional research grants, consultancy fees,
and honoraria from AstraZeneca; institutional research grants
and consultancy fees from PlaqueTec; and consultancy fees
from Aspen, Avacta, Bayer, Bristol-Myers Squibb/Pfizer,
Novartis, The Medicines Company, and ThermoFisher Scien-
tific. Kontny received consultancy fees/honoraria for lectures,
advisory board membership, and a fee for research work
outside the submitted from AstraZeneca; and advisory board
membership and consultancy fees from Merck & Co. Wallentin
received institutional research grants, consultancy fees,
lecture fees, and travel support from Bristol-Myers Squibb/
Pfizer, AstraZeneca, GlaxoSmithKline, and Boehringer Ingel-
heim; received institutional research grants from Merck & Co
and Roche Diagnostics; received consultancy fees from Abbott;
and holds 2 patents involving growth differentiation factor-15.
The remaining authors have no disclosures to report.

References

1. Boyce BF, Xing L. Biology of RANK, RANKL, and osteoprotegerin. Arthritis Res
Ther. 2007;9(suppl 1):S1.

2. Zannettino AC, Holding CA, Diamond P, Atkins GJ, Kostakis P, Farrugia A,
Gamble J, To LB, Findlay DM, Haynes DR. Osteoprotegerin (OPG) is localized to
the Weibel-Palade bodies of human vascular endothelial cells and is physically
associated with von Willebrand factor. J Cell Physiol. 2005;204:7 14-723.

3. Chollet ME, Brouland JP, Bal dit Sollier C, Bauduer F, Drouet L, Bellucci S.
Evidence of a colocalisation of osteoprotegerin (OPG) with von Willebrand
factor (VWF) in platelets and megakaryocytes alpha granules:studies from
normal and grey platelets. Br / Haematol. 2010;148:805—807.

4. Kees M, Wiesbauer F, Gisslinger B, Wagner R, Shehata M, Gisslinger H.
Elevated plasma osteoprotegerin levels are associated with venous thrombosis
and bleeding in patients with polycythemia vera. Thromb Haemost.
2005;93:70-75.

5. Ueland T, Yndestad A, Oie E, Florholmen G, Halvorsen B, Froland SS, Simonsen
S, Christensen G, Gullestad L, Aukrust P. Dysregulated osteoprotegerin/RANK
ligand/RANK axis in clinical and experimental heart failure. Circulation.
2005;111:2461-2468.

6. Sandberg WJ, Yndestad A, Oie E, Smith C, Ueland T, Ovchinnikova O,
Robertson AK, Muller F, Semb AG, Scholz H, Andreassen AK, Gullestad L,
Damas JK, Froland SS, Hansson GK, Halvorsen B, Aukrust P. Enhanced T-cell
expression of RANK ligand in acute coronary syndrome: possible role in plaque
destabilization. Arterioscler Thromb Vasc Biol. 2006;26:857-863.

7. Akerblom A, Wallentin L, Siegbahn A, Becker RC, Budaj A, Buck K, Giannitsis E,
Horrow J, Husted S, Katus HA, Steg PG, Storey RF, Asenblad N, James SK.
Cystatin C and estimated glomerular filtration rate as predictors for adverse
outcome in patients with ST-elevation and non-ST-elevation acute coronary
syndromes: results from the Platelet Inhibition and Patient Outcomes study.
Clin Chem. 2012;58:190-199.

DOI: 10.1161/JAHA.117.007009

Journal of the American Heart Association 10

HDOYVHASHY TVYNIDIYO



8T0Z ‘8T 4800100 uo Ag Bio'sfeuinofeye//:diy wouy pspeojumoq

Osteoprotegerin and Bleeding

8.

20.

Ueland et al

Hagstrom E, James SK, Bertilsson M, Becker RC, Himmelmann A, Husted S,
Katus HA, Steg PG, Storey RF, Siegbahn A, Wallentin L; PLATO Investigators.
Growth differentiation factor-15 level predicts major bleeding and cardiovas-
cular events in patients with acute coronary syndromes: results from the
PLATO study. Eur Heart J. 2016;37:1325-1333.

. Wallentin L, Lindholm D, Siegbahn A, Wernroth L, Becker RC, Cannon CP,

Cornel JH, Himmelmann A, Giannitsis E, Harrington RA, Held C, Husted S,
Katus HA, Mahaffey KW, Steg PG, Storey RF, James SK; PLATO Study Group.
Biomarkers in relation to the effects of ticagrelor in comparison with
clopidogrel in non-ST-elevation acute coronary syndrome patients managed
with or without in-hospital revascularization: a substudy from the Prospective
Randomized Platelet Inhibition and Patient Outcomes (PLATO) trial. Circulation.
2014;129:293-303.

. Velders MA, Wallentin L, Becker RC, van Boven AJ, Himmelmann A, Husted S,

Katus HA, Lindholm D, Morais J, Siegbahn A, Storey RF, Wernroth L, James SK;
PLATO Investigators. Biomarkers for risk stratification of patients with ST-
elevation myocardial infarction treated with primary percutaneous coronary
intervention: insights from the Platelet Inhibition and Patient Outcomes trial.
Am Heart J. 2015;169:879-889.e7.

. Windhausen F, Hirsch A, Fischer J, van der Zee PM, Sanders GT, van Straalen

JP, Cornel JH, Tijssen JG, Verheugt FW, de Winter RJ; Invasive versus
Conservative Treatment in Unstable Coronary Syndromes (ICTUS) Investiga-
tors. Cystatin C for enhancement of risk stratification in non-ST elevation
acute coronary syndrome patients with an increased troponin T. Clin Chem.
2009;55:1118-1125.

. Mueller C. Biomarkers and acute coronary syndromes: an update. Eur Heart J.

2014;35:552-556.

. Aspromonte N, Di Fusco SA, Latini R, Cruz DN, Masson S, Tubaro M, Palazzuoli

A. Natriuretic peptides in acute chest pain and acute coronary syndrome: from
pathophysiology to clinical and prognostic applications. Coron Artery Dis.
2013;24:33-39.

. Wollert KC, Kempf T, Lagerqvist B, Lindahl B, Olofsson S, Allhoff T, Peter T,

Siegbahn A, Venge P, Drexler H, Wallentin L. Growth differentiation factor
15 for risk stratification and selection of an invasive treatment strategy in
non ST-elevation acute coronary syndrome. Circulation. 2007;116:1540—
1548.

. Ferraro S, Marano G, Biganzoli EM, Boracchi P, Bongo AS. Prognostic value of

cystatin C in acute coronary syndromes: enhancer of atherosclerosis and
promising therapeutic target. Clin Chem Lab Med. 2011;49:1397—-1404.

. Roysland R, Bonaca MP, Omland T, Sabatine M, Murphy SA, Scirica BM, Bjerre

M, Flyvbjerg A, Braunwald E, Morrow DA. Osteoprotegerin and cardiovascular
mortality in patients with non-ST elevation acute coronary syndromes. Heart.
2012;98:786-791.

. Omland T, Ueland T, Jansson AM, Persson A, Karlsson T, Smith C, Herlitz J,

Aukrust P, Hartford M, Caidahl K. Circulating osteoprotegerin levels and long-
term prognosis in patients with acute coronary syndromes. J Am Coll Cardiol.
2008;51:627-633.

. Pedersen S, Mogelvang R, Bjerre M, Frystyk J, Flyvbjerg A, Galatius S,

Sorensen TB, Iversen A, Hvelplund A, Jensen JS. Osteoprotegerin predicts long-
term outcome in patients with ST-segment elevation myocardial infarction
treated with primary percutaneous coronary intervention. Cardiology.
2012;123:31-38.

. Ueland T, Jemtland R, Godang K, Kjekshus J, Hognestad A, Omland T, Squire IB,

Gullestad L, Bollerslev J, Dickstein K, Aukrust P. Prognostic value of
osteoprotegerin in heart failure after acute myocardial infarction. / Am Coll
Cardiol. 2004;44:1970-1976.

James S, Akerblom A, Cannon CP, Emanuelsson H, Husted S, Katus H, Skene
A, Steg PG, Storey RF, Harrington R, Becker R, Wallentin L. Comparison of
ticagrelor, the first reversible oral P2Y(12) receptor antagonist, with clopido-
grel in patients with acute coronary syndromes: rationale, design, and baseline
characteristics of the PLATelet inhibition and patient Outcomes (PLATO) trial.
Am Heart J. 2009;157:599-605.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, Horrow
J, Husted S, James S, Katus H, Mahaffey KW, Scirica BM, Skene A, Steg PG,
Storey RF, Harrington RA, Freij A, Thorsen M. Ticagrelor versus clopidogrel in
patients with acute coronary syndromes. N Engl / Med. 2009;361:1045—
1057.

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD; Writing
Group on the Joint ESC/ACCF/AHA/WHF Task Force for the Universal
Definition of Myocardial Infarction, Thygesen K, Alpert JS, White HD, Jaffe AS,
Katus HA, Apple FS, Lindahl B, Morrow DA, Chaitman BR, Clemmensen PM,
Johanson P, Hod H, Underwood R, Bax JJ, Bonow RO, Pinto F, Gibbons RJ, Fox
KA, Atar D, Newby LK, Galvani M, Hamm CW, Uretsky BF, Gabriel Steg P, Wijns
W, Bassand JP, Menasche P, Ravkilde J , Ohman EM, Antman EM, Wallentin LC,
Armstrong PW, Simoons ML , Januzzi JL, Nieminen MS, Gheorghiade M,
Filippatos G , Luepker RV, Fortmann SP, Rosamond WD, Levy D, Wood D ,
Smith SC, Hu D, Lopez-Sendon JL, Robertson RM, Weaver D, Tendera M, Bove
AA, Parkhomenko AN, Vasilieva EJ, Mendis S; ESC Committee for Practice
Guidelines (CPG) . Third universal definition of myocardial infarction. Eur Heart
J. 2012;33:2551-2567.

Ueland T, Bollerslev J, Godang K, Muller F, Froland SS, Aukrust P. Increased
serum osteoprotegerin in disorders characterized by persistent immune
activation or glucocorticoid excess: possible role in bone homeostasis. Eur J
Endocrinol. 2001;145:685-690.

Lin DY, Wei LJ, Ying Z. Model-checking techniques based on cumulative
residuals. Biometrics. 2002;58:1-12.

Lazzari MA, Sanchez-Luceros A, Woods Al, Alberto MF, Meschengieser SS. Von
Willebrand factor (VWF) as a risk factor for bleeding and thrombosis.
Hematology. 2012;17(suppl 1):S150-S152.

Abedin M, Omland T, Ueland T, Khera A, Aukrust P, Murphy SA, Jain T,
Gruntmanis U, McGuire DK, de Lemos JA. Relation of osteoprotegerin to
coronary calcium and aortic plaque (from the Dallas Heart Study). Am J Cardiol.
2007;99:513-518.

Tousoulis D, Siasos G, Maniatis K, Oikonomou E, Vlasis K, Papavassiliou AG,
Stefanadis C. Novel biomarkers assessing the calcium deposition in coronary
artery disease. Curr Med Chem. 2012;19:901-920.

Genereux P, Madhavan MV, Mintz GS, Maehara A, Kirtane AJ, Palmerini T,
Tarigopula M, McAndrew T, Lansky AJ, Mehran R, Brener SJ, Stone GW.
Relation between coronary calcium and major bleeding after percutaneous
coronary intervention in acute coronary syndromes (from the Acute
Catheterization and Urgent Intervention Triage Strategy and Harmonizing
Outcomes With Revascularization and Stents in Acute Myocardial Infarction
Trials). Am J Cardiol. 2014;113:930-935.

Hamm CW, Ravkilde J, Gerhardt W, Jorgensen P, Peheim E, Ljungdahl L,
Goldmann B, Katus HA. The prognostic value of serum troponin T in unstable
angina. N Engl ] Med. 1992;327:146—150.

Kempf T, Eden M, Strelau J, Naguib M, Willenbockel C, Tongers J, Heineke J,
Kotlarz D, Xu J, Molkentin JD, Niessen HW, Drexler H, Wollert KC. The
transforming growth factor-beta superfamily member growth-differentiation
factor-15 protects the heart from ischemia/reperfusion injury. Circ Res.
2006;98:351-360.

Andersen GO, Knudsen EC, Aukrust P, Yndestad A, Oie E, Muller C, Seljeflot |,
Ueland T. Elevated serum osteoprotegerin levels measured early after acute
ST-elevation myocardial infarction predict final infarct size. Heart.
2011;97:460-465.

Zebrack ]S, Anderson JL, Maycock CA, Horne BD, Bair TL, Muhlestein JB;
Intermountain Heart Collaborative (IHC) Study Group. Usefulness of high-
sensitivity C-reactive protein in predicting long-term risk of death or acute
myocardial infarction in patients with unstable or stable angina pectoris or
acute myocardial infarction. Am J Cardiol. 2002;89:145—149.

Ueland T, Aukrust P, Dahl CP, Husebye T, Solberg OG, Tonnessen T, Aakhus S,
Gullestad L. Osteoprotegerin levels predict mortality in patients with
symptomatic aortic stenosis. / Intern Med. 2011;270:452—460.

DOI: 10.1161/JAHA.117.007009

Journal of the American Heart Association 1

HDOYVHASHY TVYNIDIYO



8T02 ‘8T $eqo1Q uo Aq Bio'sfeuinoleye//:diy woiy papeojumoq

Supplemental Material

PLATO Study Members:

Executive Committee members:

Co-chairmen: Robert A Harrington (Duke Clinical Research Institute, Durham, NC, US), Lars Wallentin
(Uppsala Clinical Research Center, Uppsala, SE)

Members: Richard Becker (Duke Clinical Research Institute, Durham, NC, US), Christopher Cannon (TIMI
study group, Brigham and Women’s Hospital, Boston, MA, US), Steen Husted (Aarhus University Hospital,
Aarhus, DK), Stefan James (Uppsala Clinical Research Center, Uppsala, SE), Hugo Katus (Universitatsklinik
Heidelberg, Heidelberg, DE), Allan Skene (Worldwide Clinical Trials, Inc; Nottingham, GB), Philippe
Gabriel Steg (Hospital Bichat-Claude Bernard, Paris, FR), Robert Storey (Clinical Science Centre, Northern
General Hospital, Sheffield, UK)

AstraZeneca members: Hakan Emanuelsson (Mélndal, SE), Anneli Freij (Mélndal, SE), Jay Horrow
(Wilmington, DE, US), Mona Thorsén (Mdlndal, SE)

Operations Committee members: Richard Becker (Duke Clinical Research Institute, Durham, NC, US),
Inger Ekman (Uppsala Clinical Research Center, Uppsala, SE), Hdkan Emanuelsson (AstraZeneca, Mélndal,
SE), Sandy Fitt (AstraZeneca, Wilmington, DE, US), Anneli Freij (AstraZeneca, Mdlndal, SE), Michael
Giordani (AstraZeneca, Wilmington, DE, US), Robert A Harrington (Duke Clinical Research Institute,
Durham, NC, US), Jay Horrow (AstraZeneca, Wilmington, DE, US), Stefan James (Uppsala Clinical Research
Center, Uppsala, SE), Nardev Khurmi (AstraZeneca, Wilmington, DE, US), Mona Thorsén (AstraZeneca,
MolIndal, SE), Lars Wallentin (Uppsala Clinical Research Center, Uppsala, SE)

National coordinators: Diego Ardissino (Ospedale Maggiore di Parma, Parma, IT), Phil Aylward (Flinders
Medical Centre, Bedford Park, AU), Noe Babilonia (Philippine Heart Center, Quezon City, PH), Jean-Pierre
Bassand (University Hospital Jean Minjoz, Besancon, FR), Andrzej Budaj (Grochowski Hospital, Warsaw,
PL), Zaza Chapichadze (Institute of Cardiology, Tblisi, GE), Marc J Claeys (University Hospital Antwerp,
Edegem, BE), Patrick Commerford (Groote Schuur Hospital, Cape Town, ZA), Jan H Cornel (Medisch
Centrum Alkmaar, Alkmaar, NL), Tibor Duris (Hospital Nove Zamky, Nove Zamky, SK), Runlin Gao
(Cardiovascular Inst & Fu Wai Hosp, Beijing, CN), Armando (Garcia Castillo, Hospital de Cardiologia
UMAE, Nuevo Leon, MX), Evangelos Giannitsis (University of Heidelberg, Heidelberg, DE), Paul Gurbel
(Sinai Hospital, Baltimore, MD, US), Robert Harrington (Duke Clinical Research Institute, Durham, NC,
US), Magda Heras (Hospital Clinic of Barcelona, Barcelona, ES), Steen Husted (Aarhus University Hospital,
Aarhus, DK), Stefan James (Uppsala University Hospital, Uppsala, SE), Matyas Keltai (Semmelweis
University, Budapest, HU), Neil Kleiman (Baylor College of Medicine, Houston, TX, US), Frederic Kontny



8T0Z ‘8T 4800100 uo Ag Bio'sfeuinofeye//:diy wouy pspeojumoq

(Volvat Medical Center, Oslo, NO), Dimitrios Kremastinos (Attikon University General Hospital, Athens,
GR), Riitta Lassila (Helsinki University Central Hospital, Fl), Basil S Lewis (Lady Davis Carmel Medical
Center, Haifa, IL), Jose Lopez Sendon (Hospital Universitario La Paz, Madrid, ES), Cheuk Man Yu (Chinese
University of Hong Kong, HK), Gerald Maurer (Medical University of Vienna, Vienna, AT), Bernhard Meier
(University Hospital, Bern, CH), Jodo Morais (Santo Andrés Hospital, Leiria, PT), José Nicolau (Heart
Institute (InCor), S3o Paulo, BR), Alexander Nikolaevich Parkhomenko (Research Institute of Cardiology,
Kiew, UA), Ali Oto (Hacettepe Univ School of Medicine, Ankara, TR), Prem Pais (St.John's Medical College,
Bangalore, IN), Ernesto Paolasso (Estudios Clinicos Latin America, Rosario, AR), Dimitar Raev (Medical
Institute, Ministry of Interior, Sofia, BG), Dato Seri Robaayah Zambahari (National Heart Institute, Kuala
Lumpur, MY), Mikhail Ruda (Cardiology Research Center, Moscow, RU), Marc Sabatine (Brigham &
Women’s Hospital, Boston, MA, US), Anwar Santoso (Udayana School of Medicine, Denpasar, ID), Ki-Bae
Seung (Kangnam St. Mary's Hospital, Seoul, KR), Lim Soo Teik (Heart Centre, Singapore, SG), Jindrich
Spinar (University Hospital Brno, Brno, CZ), Piyamitr Sritara (Ramathibodi Hospital, Bangkok, TH), Robert
Storey (University of Sheffield, Sheffield, UK), Pierre Théroux (Montreal Heart Institute, Montreal, CA),
Douglas Weaver (Henry Ford Heart & Vascular Inst, Detroit, MI, US), Freek Verheugt (UMC St Radboud,
Nijmegen, NL), Marius Vintila (St Pantelimon University Hospital, Bucharest, RO), Delon Wu Wu (Chang
Gung Memorial Hospital-Linkou, Tao-Yuan, TW)

DSMB members:
Chairman: Jeffrey L Anderson (Intermountain Medical Center, Murray, UT, US)

Voting members: David DeMets (University of Wisconsin Medical School, Madison, WI, US), Maarten
Simoons (Erasmus Medical Centre, Rotterdam, NL), Robert Wilcox (Nottingham University Hospital,
Nottingham, UK), Frans Van de Werf (University Hospital Leuven, Leuven, BE)

DSMB statisticians: Susan Anderson (University of Wisconsin Medical School, Madison, W1, US), Erik
Iverson (University of Wisconsin Medical School, Madison, WI, US)

ICAC members and operational personnel:

Co-chairmen: Kenneth W Mahaffey (Duke Clinical Research Institute, Durham, NC, US), Claes Held
(Uppsala Clinical Research Center, Uppsala, SE)

Coordinators: Sheila Dickerson (Duke Clinical Research Institute, Durham, NC, US), Matts Hogberg
(Uppsala Clinical Research Center, Uppsala, SE), Debra Montgomery (Duke Clinical Research Institute,
Durham, NC, US)

AstraZeneca members: Jan Healy (Wilmington, DE, US), Nardev Khurmi (Wilmington, DE, US), Seva
Paniflov (Mdlndal, SE), Frank Senk (Wilmington, DE, US), LuAnn Vanaman (Wilmington, DE, US),

Adjudicators:

North America, India and Australia: John Alexander (Duke University School of Medicine, Durham, NC,
US), Sana Al-Khatib (Duke University School of Medicine, Durham, NC, US), Jeffrey Berger (Duke



8T0Z ‘8T 4800100 uo Ag Bio'sfeuinofeye//:diy wouy pspeojumoq

University School of Medicine, Durham, NC, US), Cheryl Bushnell (Wake Forest University Baptist Medical
Center, US), Derek Chew (Flinders Medical Center, Australia), Mauricio Cohen (University of North
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Paulo; 6), Paulo Lotufo Hospital (Universitario da Universidade de S3ao Paulo, S3o Paulo; 17), Valdir Golin
(Hospital Irmandade Santa Casa de Misericordia de Sao Paulo, Sdo Paulo; 8), Antonio Carvalho
(Universidade Federal de Sdo Paulo, Sdo Paulo; 11), Lilia Maia (Fundacao da Faculdade Regional de Sao
Jose do Rio Preto, S3o José do Rio Preto; 14), Gilmar Greque (Instituto de Moléstias Cardiovasculares,
Sdo José do Rio Preto; 6), José Francisco Saraiva (Hospital e Maternidade Celso Pierro, Campinas; 16),
Peo Filho (Hospital Conceicdo, Porto Alegre; 29), Oscar Dutra (Instituto de Cardiologia do Rio Grande do
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Portugués, Salvador; 2), Délcio Junior Hospital Universitario da Univ. Federal de Mato Grosso, Campo
Grande; 33), Maria Fernanda Garcia (Instituto do Coracdo do Distrito Federal, Brasilia; 4), Ludmilla
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Campbell River; 2), Danielle Dion (Centre Hospitalier Beauce-Etchemin, Saint-Georges; 4), David
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4), Jan Matejka Nemocnice (Pardubice, Pardubice; 45), Leos Pleva, Roman Stipal (Ostrava-Poruba - FN,
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Hospital, Herlev; 10), Séren Rasmussen (Hvidovre Hospital, Hvidorvre; 9), Jens Erik Nielsen (Glostrup
Hospital, Glostrup; 32), Jens Brennum-Schou (Amager Hospital, Copenhagen; 26), Peer Grande
(Rigshospitalet, Copenhagen; 55), Christian Tuxen (Frederiksberg Hospital, Frederiksberg; 12), Tonny
Nielsen (Sydvestjysk sygehus, Esbjerg; 26), Jens Petersen (Sygehus Vendsyssel, Hjgrring; 8), Natasha
Roseva-Nielsen (Sygehus Vestsjelland Holbaek, Holbaek; 13), Allan Mcnair, Margrethe Ege Olsen
(Frederikssund Sygehus, Frederikssund; 3), Henrik Nielsen (Bispebjerg Hospital, Copenhagen; 2)

Finland: Ilkka Tierala (HUS, Meilahden sairaala, Helsinki; 6), Antti Ylitalo (Satakunnan keskussairaala,
Pori; 10), Seppo Utriainen (Eteld-Karjalan keskussairaala, Lappeenranta; 2), Juha Hartikainen (Kuopin
yliopistollinen sairaalam, Kuopio; 15), Juhani Airaksinen (Turun Yliopistollinen Keskussairaala, Turku; 30),
Seppo Voutilainen (Paijat-Hameen keskussairaala, Lahti; 14), Kai Nyman (Keski-Suomen keskussairaala,
Jyvaskyld; 44), Mikko Halkosaari (Keski-Pohjanmaan keskussairaala, Kokkola; 9), Alexandre Hadjikov
(Lapin keskussairaala, Rovaniemi; 24)

France: Jean-Pierre Bassand (Hopital Jean Minjoz, Besancon; 18), Jean-Ernst Poulard (Centre Hospitalier
Général dAbbeville, Abbeville; 10), Nourredine El Mansour (Nouvel Hopital - Usic, Valenciennes; 73),
Fabrice Leroy (Centre Hospitalier de Douai, Douai; 11), Gilles Traisnel (Polyclinique du Bois, Lille; 13), Eric
Decoulx (Hopital de Tourcoing Guy Chatiliez, Tourcoing ; 20), Damien Maes (Clinique du Parc, Croix ; 2),
Xavier Lamit (Hopital Intercommunal de Fréjus Saint Raphaél, Fréjus; 2), Eric Maupas (Hopital Privé les
Franciscaines, Nimes; 4), Gilles Bayet (Clinique Rhone Durance, Avignon; 10), Karim Gacem (H Marengo,
Chloet; 11), Claude Cassat (CHU Dupuytren, Limoges; 4), Pierre Coste (Hopital Cardiologique du Haut
Lévéque, Pessaq; 7), Nicolas Delarche (Centre Hospitalier Francois Mitterrand, Pau; 11), Laurent Ledain
(Centre Hospitalier St Louis, La Rochelle; 3), Gilles Mougeot (CHG de Senlis, Senlis; 13), Gery
Hannebicque (Centre Hospitalier d”Arras, Arras; 17), Riadh Rihani (Centre Hospitalier Saint Philibert,
Lomme; 13), Francois Philippe (Institut Mutualiste Montsouris, Paris; 4), Jean-Jacques Blanc (Hopital de
la cavale Blanche, Brest; 15), Bruno Farah (Clinique Pasteur, Toulouse; 17), Hervé Le Breton (Che
Pontchaillou, Rennes; 3), René Koning (Clinique Saint Hilaire, Rouen; 5), Patrick Henry (Hopital
Lariboisiere, Paris; 7), Michele Escande (CH Allauch, Allauch; 5), Jean-Luc Dubois-Rande (H6pital Henri
Mondor, Creteil; 7), Simon Elhadad (Centre Hospitalier de Lagny sur Marne, Lagny sur Marne; 48), Gilles
Grollier (CHU Céte de Nacre, Caen; 9), Yves Cottin (CHU Bocage, Dijon; 15), Philippe Garot (Hé6pital
Claude Galien, Quincy sous Sénart; 10), Olivier Dibon (Hopital de la Source, Orleans; 16), Jean-Francgois
Rousseau (CHG Bercagnes, Falaise; 3), Jean Noel Labeque (Centre Hospitalier Cote Basque, Bayonne; 3),
Patrick Ohlmann (Hopital de Hautepierre, Strasbourg; 7), Patrick Khanoyan (Hopital Saint Joseph,
Marseille; 8)

Georgia: Vakhtang Chumburidze (National Center of Therapy, Tblisi; 35), Kakhi Paposhvili (Clinical
Hospital 2, Tblisi; 42), Irakli Megreladze (Cardiology Clinic, Tblisi; 70), Bondo Kobulia (Institute of
Cardiology, Tblisi; 17), Nodar Emukhvari (Clinic 1, Tblisi; 39), Anzor Melia (Cardiological Clinic "GULI",
Tblisi; 25), Merab Mamatsashvili (Clinic "ADAPTI", Tblisi; 52), Gulnara Chapidze (Emergency Cardiology
Centre, Tblisi; 101), George Khabeishvili (Diagnostic Services Clinic, Tblisi; 138)
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Germany: Evangelos Giannitsis (Universitatsklinikum Heidelberg, Heidelberg; 50), Harald Darius
(Vivantes Netzwerk fiir Gesundheit GmbH, Berlin; 4), Jirgen Dahl (Kliniken Mariahilf GmbH,
Monchengladbach; 39), Norbert Franz (Schiichtermann Klinik, Bad Rothenfelde; 17), Ruth H Strasser
(Universitatsklinik an der TU Dresden, Dresden; 6), Mathias Borst (Caritas-Krankenhaus Bad
Mergentheim GmbH, Bad Mergentheim; 9), Karl-Heinz Kuck (Proresearch Klinische Forschung und
Entwicklung, Hamburg; 6), Hartmut Gilker (Helios Klinikum Wuppertal, Wuppertal; 281), Stephan Liders
(St. Josefs-Hospital Cloppenburg, Cloppenburg; 4), Sabine Genth-Zotz (Klinikum der Johannes -
Gutenberg - Universitat, Mainz; 33), Hubertus Heuer (St Johannes Hospital, Dortmund; 158), Michael
Buerke (Martin-Luther-Universitat Halle-Wittenberg, Halle; 7), Andreas Jeron, Christian Hengstenberg
(Universitatsklinikum Regensburg, Regensburg; 14), Stephan Felix (Klinikum der Ernst-Moritz-Arndt-
Universitat Greifswald, Greifswald; 16), Christoph Nienaber (Universitatsklinikum Rostock, Rostock; 9),
Stavros Konstantinides (Universitatsklinikum der Georg August Universitat, Gottingen; 28), Wolfgang
Schoéls (Herzzentrum Duisburg, Duisburg; 32), Markus Lins, Ridiger Simon (Universitatsklinikum
Schleswig-Holstein, Kiel; 11), Heribert Schunkert (Universitatsklinikum Schleswig-Holstein, Libeck; 36),
Johannes Brachmann (Klinikum Coburg, Coburg; 35), Thomas Dorsel (Josephs-Hospital, Warendorf; 19),
Feraydoon Niroomand (Evangelisches Krankenhaus, Miihlheim an der Ruhr; 32), Thomas Horacek
(Forschungszentrum Ruhr/ KliFoCenter GmbH, Witten; 28), Jorg Kreuzer (St. Vincenz Krankenhaus,
Limburg; 9), Gerian Gronefeld (Asklepios Klinik Barmbek, Hamburg; 2), Matthias Leschke (Stadtische
Kliniken Esslingen, Esslingen; 30), Gudrun Dannberg (Universitatsklinikum Friedrich-Schiller-Universitat
Jena; 33), Aydan Yazar Berufsgenossenschaftliche Kliniken Bergmannsheil, Bochum 6), Veselin Mitrovic
(Kerckhoff-Klinik Forschungsgesellschaft GmbH, Bad Nauheim; 3), Jiirgen Stumpf (Klinikum WeiRRer
Hirsch, Dresden; 12), Wolfgang Koenig (Universitatsklinikum Ulm, Ulm; 16), Roland Prondzinsky (Carl-
von-Basedow-Klinikum Merseburg, Merseburg; 4), Verena Stangl (Charité - Universitatsklinikum Berlin,
Berlin; 9), Ursula Rauch (Charité - Universitatsklinikum Berlin, Berlin; 16), Paulus Kirchhof
(Universitatsklinikum Miinster, Miinster; 8), Sven Walmann, Nikos Werner (Universitatsklinik der Rhein,
Bonn; 5), Christoph Kadel (Stadtische Kliniken Frankfurt am Main-Hoechst, Frankfurt; 34), Rainer Uebis
(Klinikum Aschaffenburg, Aschaffenburg; 2), Jan Monti (Helios Kliniken Berlin - Buch, Berlin; 3), Oliver
Gastmann, Harald Lapp (Helios Klinikum Erfurt GmbH, Erfurt; 29), Heinrich-Gerhard Klues (Helios
Klinikum Krefeld GmbH, Krefeld; 8), Anette Biihler, Dirk-Ulrich Schaaf (Evangelisches Krankenhaus
Konigin Elisabeth Herzberge GmbH, Berlin; 5), Dieter Fischer (Medizinische Hochschule Hannover,
Hannover; 1), Bernhard Grosch (Elisabeth-Krankenhaus, Essen; 1), Andreas Schéafer (Klinikum der Julius-
Maximilians-Universitat Wiirzburg, Wirzburg; 9), Hans-Friedrich Vohringer (DRK Kliniken Berlin-
Kopenick, Berlin; 23), Martin DiRmann (Vivantes Humbolt-Klinikum, Berlin; 18)

Greece: Dimitrios Kremastinos (Attikon University General Hospital, Athens; 14), Stefanos Foussas
(Tzaneio, General Hospital of Piraeus, Piraeus; 3), Antonis Manolis (Evangelismos General Hospital of
Athens, Athens; 19), Panagiotis Vardas (University Hospital of Heraklion, Heraklion; 5), Georgios
Theodorakis, Vassilis Voudris (Onassis Cardiac Surgery Center, Athens; 8), Filippos Triposkiadis (District
University General Hospital of Larissa, Larissa; 7), Dimitrios Alexopoulos (University Hospital of Patra,
Patra; 13), Georgios Parharidis (AHEPA Hospital of Thessaloniki, Thessaloniki; 21)

Hong Kong: Chen Man Ju (Prince of Wales Hospital, Shatin, Hongkong; 16)
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Hungary: Anna Czigany (Fovarosi Onkormanyzat Nyiro Gyula Kérhaza, Budapest; 1), Istvan Edes (DEOEC
Kardio Klinika, Debrecen; 167), Ivan Horvath (PTE Szivgyogydszati Klinika, Pécs; 228), Andras Janosi (Szt.
Janos IlI. Bel, Budapest; 22), Akos Kalina (Allami Egészségiigyi K6zpont Kardioldgiai Szakrendeld,
Budapest; 11), Andrds Katona (Pandy Kalman Megyei Kérhdaz, Gyula; 14), Zsolt Piréth (Kardioldgiai Int.,
Budapest ; 15), Csaba Kiraly (Kecskemét, Kh. 1. Bel, Kecskemét; 127), Géza Lupkovics (Zala County
Hospital Cardiology, Zalaegerszeg; 119), Matyas Sereg (Szfvar, Kh. I.Bel, Székesfehérvar; 151), Béla Oze,
LaszIl6 Kassa (Cegléd, Kh. II. Bel, Cegléd; 15), Janos Takacs (Mosonmagyardvar, Kh., Mosonmagyarévar;
7), Béla Merkely (Semmelweis Egyetem; Er- és Szivsebészeti Klinika, Budapest; 226), Ferenc Magel
(Kaposi Mér Oktatd Kérhaz, Belgydgyaszat; 3), Attila Palinkas (Erzsébet Kérhdz, Hodmezovasarhely; 9),
Andras Vértes (Szent Istvan Kérhaz, |l. Belgydgyaszat, Budapest; 152)

India: Prem Pais (St. Johns Medical College Hospital, Bangalore; 9), Ramesh Babu Byrapaneni (Medwin
Hospital, Hyderabad; 10), Ramesh Babu Pothineni (Citi Cardiac Research Center Ltd, Vijayawada; 7),
Darshan Banker (Bankers Heart Institute, Vadodara; 79), Praveen Chandra (Max Heart & Vascular
Hospital, New Delhi; 9), Prakash Chandwani (Tongia Heart & General Hospital, Jaipur; 1), Haridas
Kottaram (Amrita Institute of Medical Sciences, Kochi; 8), Rajendra Kumar Premchand (Krishna Institute
of Medical Sciences, Hyderabad; 26), Sharad Jain (Apollo Hospitals International Ltd., Gandhinagar; 10),
Harshawardhan Mardikar (Spandan Heart Institute and Research Centre, Nagpur; 58), Padinhare
Mohanan (West Fort Hi-Tech Hospital, Thrissur; 13), Arumugam Chandrakasu, Pradeep Nayar (Frontier
Life Line Pvt. Ltd, Chennai; 4), Ashok Omar (Escorts Heart Institute & Research Center, New Dehli; 17),
Raja Panwar (S.P. Medical College & Hospital, Bikaner; 70), Keyur Parikh (SAL Hospital & Medical
Institute, Ahmedabad; 97), Swapan Kumar Paul (Peerless Hospital & B.K. Roy Research Center, Kolkata;
2), Robin Pinto (Holy Family Hospital, Mumbai; 11), Ramesh Srinivasaiah Saligrama (Bhagwan Mahaveer
Jain Heart Centre, Bangalore; 20), Jitendra Pal Singh Sawhney (Sir Gangarams Hospital, New Dehli; 15),
Skand Trivedi (Bhopal Memorial Hospital & Research Center, Bhopal; 68), Sudhir Varma (Sadbhavna
Medical & Heart Institute, Patiala; 21), Subramaniam Bhuvaneswaran (PSG Hospitals, Coimabatore; 20)

Indonesia: Anwar Santoso (Sanglah Hospital, Denpasar; 18), Sunarya Soerianata (National Cardiovascular
Center Harapan Kita Hospital, Jakarta; 12), Erwinanto Erwinanto (Hasan Sadikin Hospital, Bandung; 7),
Sodiqur Rifgi (Telogorejo Hospital, Semarang; 8), | Gde Suryawan (Soetomo Hospital, Surabaya; 17)

Israel: Ariel Finkelstein (Tel Aviv Sourasky Medical Center, Tel Aviv; 171), Oscar Kracoff (Kaplan Medical
Center, Rehovot; 27), Shmuel Gottlieb (Bikkur Cholim Hospital, Jerusalem; 23), Yonatan Hasin (Baruch
Padeh Medical Center, Poriya; 133), Doron Zahger (Soroka Medical Center, Beer Sheva; 20), Basil Lewis
(Lady Davis Carmel Medical Center, Haifa; 13), Chaim Lotan (Hadassah Ein Kerem Medical Center,
Jerusalem; 56), Lev Bloch(Haemek Medical Center, Afula; 7), Uri Rosenschein (Bnai Zion Medical Center,
Haifa; 34), Yoseph Rozenman (Wolfson Medical Center, Holon; 2), Simcha Meisel (Heart institute Hillel
Yafe Medical Center, Hadera; 36), Marc Klutstein (Shaarei Zedek Medical Center, Jerusalem; 99), Amos
Katz (Barzilai medical center, Ashkelon; 17), Zvi Vered (Assaf Harofeh Medical Center, Zerifin; 3)

Italy: Giampiero Perna (Ospedali Riunti Umberto | - Lancisi- Salesi, Ancona; 7), Italo De Luca (Azienda
Ospedaliera " Ospedale Policlinico Consorziale", Bari ; 20), Antonello Gavazzi (Ospedali Riuniti di
Bergamo, Bergamo; 13), Corrado Tamburino (Azienda Ospedalieria Universitario Vittorio Emanuele -



8T0Z ‘8T 4800100 uo Ag Bio'sfeuinofeye//:diy wouy pspeojumoq

Ferrarotto -Santo Bambino; Catania; 8), Roberto Ferrari (Arcispedale S. Anna , Ferrara; 6), Alfredo
Zuppiroli (Ospedala Santa Maria Annunziata, Bagno a Ripoli ; 9), David Antoniucci (Azienda Ospedaliera
Universitaria Careggi, Careggi; 1), Di Biase (Ospedali Riuniti di Foggia, Foggia; 2), Stefano De Servi
(Ospedale Civile di Legnano, Legnano; 38), Roberto Zanini (Azienda Ospedaliera C. Poma, Mantova ; 15),
Antonio Raviele (Ospedale Umberto |, Mestre; 1), Patrizia Presbitero (Istituto Clinico "Humanitas",
Rozzano; 34), Silvio Klugmann (Azienda Ospedaliera Ospedale Niguarda ca Granda, Milano; 29),
Mariagrazia Modena (Poloclinico di Modena, Modena; 9), Caso Pio (Azienda Ospedaliera Monaldi,
Napoli; 7), Angelo Sante Bongo (Ospedale Maggiore della Carita, Novara; 11), Luigi Vignali Azienda
(Ospedaliera di Parma, Parma ; 31), Ezio Bramucci (Ospedale Policlinico S. Matteo, Pavia; 125), Leonardo
Paloscia (Ospedale Civile dello Spirito Santo, Pescara; 64), Corrado Vassanelli (Ospedale Civile Maggiore,
Verona ; 5), Alessandro Boccanelli (S. Giovanni Addolorata, Roma; 9) , Ezio Giovannini (San Camillo
Forlanini, Roma; 3), Massimo Volpe (Ospedale S. Andrea, Roma; 10), Raffaele Fanelli (Ospedale Casa
Sollievo della Sofferenza, San Giovanni Rotondo; 6), Pierfranco Terrosu (Ospedale SS Annunziata,

Sassari ; 44), Zoran Olivari (Ospedale ca Foncello, Treviso; 26), Jorge Salerno Uriarte (Azienda Ospedaliera
"Ospedale di Circolo e Fondazione Macchi",Varese; 17), Francesco Fedele (Azienda Universitaria
Policlinico Umberto I, Roma; 1), Franco Mascia (Azienda Ospedaliera S. Sebastiano, Caserta; 46), Carla
Auguadro, Giuseppe Specchia (Policlinico di Monza, Monza; 6), Fabrizio Ammirati (Ospedale g.b. Grassi,
Ostia Lido; 4), Sergio Berti (Ospedale Pediatrico Apuano G. Pasquinucci, Massa Carrara; 20)

Malaysia: Robaayah Zambabhari (Institute Jantung Negara, Kuala Lumpur; 11), Kui Sim (Sarawak General
Hospital, Kuching; 25), Omar Ismail (Penang General Hospital, Penang; 12), Wan Azman Wan Ahmad
(University Malaya Medical Centre, Kuala Lumpur; 10)

Mexico: Armando Garcia (MTY, IMSS34, Monterrey; 29), Mario Benavides (Hospital Universitario
Eleuterio Gémez, Monterrey; 10), Gabriel Ramos (Hospital Civil De Guadalajara Dr Juan | Menchaca,
Guadalajara; 49), Ernesto Cardona (Hospital Jardines de Guadalupe, Zapopan; 1), Pedro Gutierrez
Fajardo (Hospital Bernardette, Guadalajara; 1), Alberto Romo (Centro Médico Nacional de Occidente,
Guadalajara; 10), Carlos Martinez (DF, Cardio, CV, Tlalpan; 18), Alejandra Meaney (Hospital 1 de Octubre,
ISSSTE, Mexico City; 1), Alejandra Meaney (Hospital Regional Dr Valentin Gomez Farias, ISSSTE, Zapopa;
1), Raul Velasco (GDL, Angel L., Gl, Guadalajara; 2), Juan Carlos Nufiez (Hospital General de Durango,
Durango; 9), Juan Perez (Hospital General de Puebla SSA, Puebla; 6)

Netherlands: Jan Hein Cornel (Medisch Centrum Alkmaar, Alkmaar; 86), Freek Verheugt (Universitair
Medisch Centrum St. Radboud, Nijmegen; 5), Marco Alings (Amphia Ziekenhuis, Breda; 27), Peter
Bendermacher (Elkerliek Ziekenhuis, Helmond; 67), Bryan Van Den Berg (lJsselland Ziekenhuis, Capelle
aan den lJssel; 9), Hugo Beyerbacht (Ropcke-Zweers Ziekenhuis, Hardenberg; 9), Rolf Michels (Catharina
Ziekenhuis, Eindhofen; 6), René Dijkgraaf (Ziekenhuis Sint Jansdal, Harderwijk; 26), Marcel Van Der Linde
(ziekenhuis Nij Smellinghe, Drachten; 28), Reginald Groutars (Sint Lucas Andreas Ziekenhuis, Amsterdam;
18), Bas Hamer (Meander Medisch Centrum, Amersfoort; 37), Frank Den Hartog (Ziekenhuis Gelderse
Vallei, Ede; 24), Rob Van Der Heijden (Vlietland Ziekenhuis, Vlaardingen; 20), Klaas Holwerda (Sint
Elisabeth Ziekenhuis, Tilburg; 9), Maarten Janssen (Kennemer Gasthuis, Haarlem; 11), Debbie Nicastia,
W. Jap-Tjoen-San (Gelre Ziekenhuis, locatie Lukas, Apeldoorn; 2), Wim Aengevaeren (Rijnstate
Ziekenhuis, locatie Arnhem, Arnhem; 34), Ben Gho (Atrium Heerlen, Heerlen; 22), Martin De Leeuw
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(Wilhelmina Ziekenhuis, Assen; 6), Anno Liem (Oosterschelde Ziekenhuis, Goes; 34), Hendrik Kruik
(Twenteborg Ziekenhuis, Almelo; 26), Dirk Lok (Deventer Ziekenhuis, Deventer; 53), Anthonius Oude
Ophuis (Canisius Wilhelmina Ziekenhuis, Nijmegen; 63), René Peters (Tergooi Ziekenhuizen, locatie
Blaricum, Blaricum; 11), Mathijs Pieterse (Bovenl) Ziekenhuis, Amsterdam; 18), Jacobus Plomp
(ziekenhuis Hilversum, Hilversum; 13), Jurrien Ten Berg (Sint Antonius Ziekenhuis, Nieuwegei; 13), Piet
Van Rossum (Rivas Medizorg, Gorinchem; 37), Ramon Robles De Medina (HAGA Ziekenhuis, locatie
Leyenburg, den Haag; 16), Peter Smits (Medisch Centrum Rijnmond-Zuid, Rotterdam; 19), Attila Dirkali
Albert Schweitzer Ziekenhuis, Dordrecht; 11), Henricus Thijssen (Maxima Medisch Centrum, Veldhoven;
2), Eric Viergever (Het Groene Hart Ziekenhuis, Gouda; 31), Adri Withagen (Reinier de Graaf Gasthuis,
Delft; 34), Coen Van Der Zwaan (Ziekenhuis Rivierenland, Tiel; 7), Ad Van Boven (Medisch Centrum
Leeuwarden Zuid, Leeuwarden; 73), Johannes Waltenberger (Academisch Ziekenhuis Maastricht,
Maastricht; 8)

Norway: Leif Erik Erdal, Ole Rolstad (Sykehuset Innlandet HF Lillehammer, Lillehammer; 32), UIf Hurtig
(Sykehuset Innlandet HF Tynset, Tynset; 5), Kjell Andersen (Sykehuset Innlandet HF Hamar, Hamar; 18),
Geir Hggalmen (Sykehuset Innlandet HF Gjgvik, Gjgvik; 10), Bjgrn Jgrgensen (Asker og Baerum sykehus
HF, Rud; 10), Geir Heggelund (Universitetssykehuset i Nord-Norge HF, Tromsg; 7), Rune Fanebust (Helse
Bergen HF Haukeland universitetssykehus, Bergen; 8), Gunvald Eivindson (Sgrlandet sykehus HF
Kristiansand, Kristiansand; 5), Torstein Gundersen (Sgrlandet sykehus HF Arendal, Arendal; 14), Tor
Omland (Sgrlandet sykehus HF Flekkefjord, Flekkefjord; 11), Knut Tore Lappegard (Nordlandssykehuset
HF Bodg, Bodg; 4), Erik Gjertsen (Sykehuset Buskerud HF, Drammen; 11), Pal Smith (Akershus
universitetssykehus HF, Nordbyhagen; 5), Kjell Berget (Blefjell Sykehus HF Kongsberg, Kongsberg; 9), Dan
Atar (Aker universitetssykehus HF, Oslo; 5), Nils Lid (Blefjell sykehus Notodden, Notodden; 4), Lars
Gullestad (Rikshospitalet HF, Oslo; 1)

Phillipines: Noe Babilonia (Philippine Heart Center, Quezon City; 28), John Anonuevo (Philippine General
Hospital, Manila; 1), Richard To (The Medical City, Pasig City; 9), Gregorio Rogelio (St. Lukes Medical
Center, Quezon City; 10), Edgar Molleno (Perpetual Succour Hospital, Cebu City; 11), Cesar Estalilla lii
(Cebu Doctors University Hospital, Cebu City; 4), Raul Martin Coching (Davao Doctors Hospital, Davao
City; 15)

Poland:

Andrzej Budaj (SPZOZ. Szpital Grochowski im. dr med. Rafata Masztaka, Warszawa; 52), Pawel Buszman
(Wienncowych SP Szpital, Katowice; 133), Maciej Dalkowski (Miedziowe Centrum Zdrowia SA, Lubin; 207),
Robert Gil (Centralny Szpital Kliniczny MSWiA, Warszawa; 5), Andrzej Kleinrok (Szpital Wojewddzki im.
Jana Pawta Il, Zamosc; 12), Wlodzimierz Krasowski (Szpital Specjalistyczny sw. Wojciecha Adalberta,
Gdansk; 34), Jerzy Lewczuk (Wojewddzki Szpital Specjalistyczny ul, Wroclaw; 53), Wladyslaw Pluta
(Wojewddzkie Centrum Medyczne, Opole; 59), Roman Szelemej (Specjalistyczy Szpital im.dr
Sokotowskiego, Walbrzych; 39), Hanna Szwed (KlinikaChoroby Wiericowej, Warszawa; 90), Jacek Gessek
(Szpital Miejski im. M. Kopernika, Torun; 81), Pawel Miekus (Szpital Miejski im. J. Brudzinskiego, Gdynia;
78), Jacek Kubica (Klinika Kardiologii, Bydgoszcz; 97), Zygfryd Reszka (Wojewddzki Szpital Zespolony Ul,
Elblag; 44), Malgorzata Krzciuk (Krzciuk Oddziat Kardiologii ul, O. Swietokrzyski; 14), Barbara Kusnierz
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(Wojewddzki Szpital Specjalistyczny, Bytom; 33), Marek Piepiorka (Piepiorka Oddziat Kardiologii ul.,
Wejherowo; 44), Marek Dabrowski (Szpital Bielanski ul., Warszawa; 29), Jerzy Gérny (Wojewddzki Szpital
Specjalistyczny, Olsztyn; 45), Piotr Kardaszewicz (Wojewddzk iSzpital Specjalistyczny, Czestochowa; 8),
Jerzy Rekosz (Wojewddzka Stacja Pogotowia, Warszawa; 36), Waldemar Ruminski (Wojewddzki Szpital
Specjalistyczny, Lublin; 4), Andrzej Rynkiewicz (I Klinika Chordb Serca, Gdansk; 215), Ryszard Sciborski
(Zespot Opieki Zdrowotnej, Olawa; 37), Pawel Buszman (Polsko-Amerykanskie Kliniki Serca Ul, Bielsko-
Biala; 121), Ryszard Targonski (Internistyczny Miejski Szpital, Olsztyn; 18), Bozena Wrzosek (Wojewddzki
Szpital Specjalistyczny, Radom; 121), Henryk Wysocki (SP Szpital Kliniczny nr 2, Poznan; 27), Boguslaw
Derlaga (Specjalistyczny Szpital im. E.Szczeklika Ul, Tarnéw; 42), Jan Henryk Goch (Uniwersytecki Szpital
Kliniczny nr 3 ul. Sterlinga, Lodz; 3), Krystyna Jaworska (Wojewddzki Szpital Zespolony im. L. Rydygiera,
Torun; 65), Jerzy Kopaczewski (Szpital Wojewddzki, Wloclawek; 97), Wladyslaw Sinkiewicz (Wojewddzki
Szpital im. dr Biziela ul, Bydgoszcz; 24), Wieslawa Tracz (Instytut Kardiologii Collegium Medicum UJ U,
Krakéw; 92), Dariusz Dudek (Szpital Uniwersytecki, Krakdéw; 49), Andrzej Drzewiecki (Wojewddzki Szpital
Zespolony, Ploc; 90), Andrzej Hoffmann (Wielospecjalistyczny Szpital Miejski, Bydgoszcz; 29), Rafal
Nizankowski (Katedra Choréb Wewnetrznych Collegium Medicum UJ Ul, Krakéw; 18), Zdzislawa
Kornacewicz-Jach (Samodzielny Publiczny Szpital Kliniczny Nr 2 , Szczecin; 50), Michal Kurowski (SP
Wojewddzki Szpital Zespolony, Szczecin; 55), Walentyna Mazurek (Samodzielny Publiczny Szpital
Kliniczny nr 1, Wroclaw; 67), Wlodzimierz Musial (Szpital Kliniczny Akademii Medyczne, Bialystok; 108),
Marek Bronisz (Oddziat Kardiologii PS ZOZ Ul, Inowroclaw; 69), Michal Szpajer (Szpital Morski im. PCK ul,
Gdynia; 74), Marek Stopinski (Szpital Zachodni im. Jana Pawta Il ul, Grodzisk Maz; 2)

Portugal: Jodo Morais(Hospital de Santo André, Leiria; 13), Isabel Arroja (Centro Hospitalar Lisboa
Ocidental-HSF Xavier, Lisboa; 7), Nunes Diogo (Hospital de Santa Maria, Lisboa; 16), José Ferreira Santos
(Hospital de Sdo Bernardo, Setubal; 11), Leitdo Marques (Centro Hospitalar Coimbra, Coimbra; 19),
Gongalo Proenca (Hospital Amadora-Sintra, Amadora; 8), Graga Da Silva (Hospital Distrital de Santarém,
Santarém; 7), Luis Gongalo (Hospital Padre Américo/Vale do Sousa, Penafiel; 13), Santos Mendes
(Hospital de Sdo Sebastido, Santa Maria da Feira; 4), Carlos Gongalves (Centro Hosp Vila Nova Gaia, Vila
Nova de Gai; 29), Pedro Cardoso (Hospital Infante D. Pedro, Aveiro; 17), llidio Moreira (Centro Hospitalar
Trds os Montes e Alto Douro, Vila Real; 5), Luis Miguel Pereira (Hospital S Marcos, Braga; 3)

Romania: Marius Vintila (Sf.Pantelimon, Bucharest; 54), Mircea Cinteza (UCH Bucharest, Bucharest; 103),
Catalina Arsenescu Georgescu (Centrul de Cardiologie lasi, Isai; 1), Radu Capalneanu (Institutul Inimii
"Niculae Stancioiu", Cluj Napoca; 2), Mariana Radoi (Cardiology Brasov, Brasov; 3), Dan lonescu
(Cardiology Center Craiova, Craiova; 52), Gabriela Stanciulescu (County Hospital Arges, Pitesti; 110),
Bogdan Minescu (County Hospital Braila, Braila; 34), Marilena Spiridon (Spitalul Clinic Judetean de
Urgenta"Sf.Spiridon", Isai; 20), Mihai Creteanu (Spitalul Clinic Judetean de Urgenta, Suceava; 11), Mircea
Constantinescu (Spitalul Judetean Buzau, Buzau; 7)

Russia: Alexey Duda (Altay Regional Cardiology Dispensary, Barnaul; 28), Olga Lesnyak (Sverdlovsk
Regional Clinical Hospital 1, Ekaterinburg; 24), Mikhail Arkhipov (New Hospital Medical Union,
Ekaterinburg; 40), Elena Ovcharenko (Irkutsk Regional Clinical Hospital after Znak Pocheta Order, Irkutsk;
20), Svatlana Akhunova (Interregional Clinical and Diagnostic Center, Kazan; 20), Anna Dembitskaya
(Kaliningrad Regional Hospital, Kaliningrad; 25), Olga Barbarash (Kemerovo Cardiology Dispensary,
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Kemerovo; 36), Prokhor Pavlov (Khanty-Mansiysk Regional Clinical Hospital, Khanty-Mansiysk; 18),
Sergey Ustyugov, Galina Nechepurenko (Karpovich City Clinical Hospital, Krasnoyarsk; 2), Kirill Linev
(Regional Clinical Hospital, Krasnoyarsk; 3), Vladimir Shulman (Berzon City Clinical Hospital 20,
Krasnoyarsk; 44), lvan Gordeev (City Filatov Clinical Hospital 15, Moscow; 36), Mikhail Ruda (Russian
Cardiology Research and Manufacturing Complex, Moscow; 4), Dmitry Zateyshchikov (Moscow State
Healthcare Institution City Hospital 17, Moscow; 28), Boris Sidorenko (Moscow State Healthcare
Institution, City Clinical Hosp 51, Moscow; 2), Garry Klein (Bayandin Murmansk Regional Clinical Hospital,
Murmansk; 29), Igor Fomin (City Clinical Hospital 5, Nizhniy Novgorod; 12), Elena Kosmachova
(Krasnodar Ochapovsky Regional Clinical Hospital 1, Krasnodar; 13), Dmitry Belenky (Novosibirsk Clinical
Hospital for Emergency Care 2, Novosibirsk; 22), Vladimir Ganyukov (Novosibirsk Regional Clinical
Cardiology Dispensary, Novosibirsk; 15), Svetlana Baum (Road Clinical Hospital at Novosibirsk-Glavniy
Station, Novosibirsk; 11), Larisa Khaisheva, Ludmila Katelnitskaya (City Hospital for Emergency Care 2,
Rostov-naDonu; 25), Rumiya Miftyakhova (Samara Regional Clinical Cardiology Dispensary, Samara; 27),
Natalia Burova (Federal Research Center of Heart, Blood and Endocrin, St Petersburg; 32), Svetlana
Boldueva (St.Petersburg Mechnikov State Medical Academy, St Petersburg; 19), Alexey Sherbak
(St.Petersburg City Multiservice Hospital 2, St Petersburg; 6), Alexander Petrov (Leningrad Regional
Clinical Hospital, St Petersburg; 7), Victor Kostenko (St.Petersburg Dzhanelidze Research Inst for
Emergency Care, St Petersburg; 24), Alexander Filippov (Kirov Military Medical Academy under the
Ministry of Defence, St Petersburg; 2), Alexander Vishnevsky (St.Petersburg City Pokrovskaya Hospital, St
Petersburg; 28), Valentin Markov (Research Cardiology Institute Tomsk Scientific Center, Tomsk; 45),
Vadim Kuznetsov (Tyumen Cardiology Center, Tuymen; 26), Vladimir Verin (Primorskaya Regional Clinical
Hospital 1, Vladivostok; 5)

Singapore: Soo Teik Lim (National Heart Centre, Singapore; 36), Dinesh Nair, Ing Haan Lim, Jimmy Lim
(Tan Tock Seng Hospital, Singapore; 28)

Slovakia: Tibor Duris (Interna klinika FNsP, Nove Zamky; 15), Viliam Fridrich (Oddelenie intervencnej
kardioldgie NUSCH, BA, Bratislava; 17), Pavel Vahala (Interna klinika FN, Nitra; 11), Pavel Cuncik
(Nemocnica A, Wintera, Piestany; 3), Margita Belicova (Interna klinika, Martinska fakultna nemoc,
Martin; 73), Martin Studencan (Kardiologicke oddelenie VUSCH Kosice, Kosice; 85), Stanislava Remisova
(IV, interna klinika FN a LF, Bratislava; 4), Peter Kycina (Interne oddelenie NsP, Liptovsky Mikulas; 12),
Vladimir Macek (Interne oddelenie FN, Trnava; 34), Vladimir Spisak (Interne odd, a odd, arytmii NsP,
Zilina; 1), Miroslav Urban (Interna klinika Ustredna vojenska nemocnica SNP,Ruzomberok ; 23), Marian
Hranai (Kardiocentrum s.r.o Nitra, Nitra; 60)

South Africa: Edmund Brice, Hellmuth Weich (Tygerberg Hospital, Cape Town; 38), Jacobus Badenhorst
(Unitas Hospital, Pretoria; 10), Adrian Horak (Vincent Palloti, Cape Town; 28), Saleem Dawood (SY
Dawood, Cape Town; 27), Hendrik Theron (Netcare Private Hospital, Bloemfontein; 32), Tom Mabin (CT,
Somerset West, Vergelen, Somerset West; 14)

South Korea: Ki Bae Seung (Kangnam St. Marys Hospital, Seoul; 21), In Ho Chae, Young-Seok Cho (Seoul
National University Bundang Hospital, Seongnam; 3), Cheol-Whan Lee (Asan Medical Centre, Seoul; 19),
Seung-Jea Tahk (Ajou University Hospital, Suwon; 12), Jung Han Yoon (Yonsei University Wonju Christian



8T0Z ‘8T 4800100 uo Ag Bio'sfeuinofeye//:diy wouy pspeojumoq

Hospital, Wonju; 20), Yang-Soo Jang (Yonsei University Severance Hospital, Seoul; 14), Myung-Ho Jeong
(Chonnam University Hospital, Gwangju; 10), Young Jo Kim (Yeungnam University Medical Center,
Daegu; 21)

Spain: Mercé Roque Moreno (H.Clinic i Provincial, Barcelona; 23), Juan Garcia Picart (H.S.Creu S.Pau,
Barcelona; 27), Eduardo De Teresa Galvan (H.Clin.V.Victoria, Malaga; 9), Carlos Macaya Miguel
(H.C.S.Carlos, Madrid; 11), Andrés ifiiguez Romo (H. de Meixoeiro, Vigo; 6), Juan Ramén Rey Blas (H.U.La
Paz, Madrid; 40), Miguel Ruano Marco (H. La Fe, Valencia; 25), Jaume Figueras Bellot (H.Vall d"Hebrén,
Barcelona; 26), Armando Bethencourt Gonzalez (H. Son Dureta, Palma de Mallorca; 37), Victor Lépez
Garcia (H. V. Macarena, Sevilla; 14), Vicente Valentin Segura (H. Dr. Peset, Valencia; 24), Luis Alberto
Batalla Celorio, Pedro Vigil-Escalera Gonzalez (H.Cabuefies, Gijon; 2), Fernando Worner Diz (H. Arnau
Villanova, Lérida; 32), Ferran Jara Clemente (H.Mutua Terrassa, Terrassa; 26), Gonzalo Marcos Gémez
(H.Prov.S.Pedro Alcantara, Caceres; 15)

Sweden: Stefan James (Akademiska sjukhuset, Uppsala; 46), Stellan Bandh (Centrallasarettet, Vasteras;
59), Ann Samnegard (Danderyds sjukhus AB, Danderyd; 8), Pierre Cherfan (Hoglandssjukhuset, Eksjo; 35),
Carina Nilsson (Ljungby lasarett, Ljungby; 12), Jan-Erik Karlsson (Ldnssjukhuset Ryhov, J6, kdping; 18),
Magnus Peterson (Skaraborgs sjukhus, Lidkdping; 11), Thomas Mooe (Ostersunds sjukhus, Ostersund;
33), Peter Hardhammar (Lanssjukhuset, Halmstad; 4), Crister Zedigh (Falu lasarett, Falun; 12), Mona
Lycksell (Lanssjukhuset Sundsvall-Harndsand, Sundsvall; 7), Stefan Rydén (Lanssjukhuset, Kalmar; 11),
Magnus Janzon (Universitetssjukhuset, Linkdping; 34), Stefan Jovinge (Universitetssjukhuset, Lund; 11),
Anders Kallryd (Karnsjukhuset, Skévde; 17), Carl-Magnus Pripp (Blekingesjukhuset, Karlskrona; 3), Hans
Tygesen (S6dra Alvsborgs sjukhus, Boras; 16) , Anders Stjarna (Malarsjukhuset, Eskilstuna; 11)

Switzerland: Bernhard Meier (Inselspital, Bern; 14), Tiziano Moccetti (Cardiocentro Ticino, Lugano; 151),
Michael Pieper (Herz- und Neuro-Zentrum Bodensee, Kreuzlingen; 28), Marco Roffi, Vitali Vérin (Hopital
universitaire Genéve, Genéve; 4), Alberto Pagnamenta (Ospedale Regionale di Mendrisio Beata Vergine,
Mendrisio; 11), Augusto Gallino (Ospedale San Giovanni, Bellinzona; 3), Martin Brack, Hans-Rudolf Baur
(Tiefenauspital, Bern; 3)

Taiwan: Ming-Shien Wen (Chang Gung Memorial Hospital - Linkou, Kweishan Shiang; 11), Wen-Jone
Chen (National Taiwan University Hospit, Taipei; 20), Ying-Hwa Chen (Veterans General Hospital, Taipei;
15), Charles Hou (Macaky Memorial Hospital, Tapei; 22), Mien-Cheng Chen (Chang-Gung Memorial
Hospital- Kaohsiung, Niao-Song-Shiang; 24)

Thailand:

Piyamitr Sritar (Ramathibodi Hospital, Bankok; 25), Suphot Srimahachota (Chulalongkorn, Bangkok; 24),
Srun Kuanprasert (Maharajnakorn Chiang Mai, Chiang Mai; 55), Chaiyasit Wongvipaporn (Srinagarind
Hospital, Khon Kaen; 30), Nakarin Sansanayudh (Phramongkutklao, Bankok; 19)

Turkey: Ali Oto (Hacettepe University, Ankara; 2), Fatih Ertas (Ankara University Medicine Faculty,
Ankara; 3), Ahmet Temizhan (SB Turkiye Yuksek Ihtisas Training and Research Hospital, Ankara; 1), Zerrin
Yigit (Istanbul University, Istanbul; 13), Mesut Demir (Cukurova University, Adana; 10), Gokhan Cin
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(Mersin University, Mersin; 5), Aytul Belgi (Akdeniz University, Antalya; 5), Bengi Yaymaci (Kartal Yuksek
Ihtisas Education and Research Hospital, Istanbul; 12)

Ukraine: Igor Krayz (Ukrainian Railway Central Clinical Hospital, Kharkov; 58), Lyudmila Kononenko
(Kharkov City Clinical Hospital 27, Kharkov; 20), Vira Tseluyko (Kharkov City Clinical Hospital 8, Kharkov;
14), Alexander Parkhomenko (Institute of Cardiology, Emergency and Intensive Therapy, Kiev; 15),
Oleksandr Karpenko (Kiev City Clinical Hospital 1; 16), Olena Koval Dnepropetrovsk (Emergency Hospital,
Dnepropetrovsk; 23), Leonid Rudenko (Kiev City Clinical Emergency Hospital, Kiev; 17), Mykola Vatutin
(Inst of Urgent and Recovery Surgery DNMU Int Medicine, Donetsk; 4), Natalyia Kalinkina(Makiyivka City
Clinical Hospital No 1 DNMU Int. Dis., Makiyivka; 2)

United Kingdom: Robert Storey (Northern General Hospital, Sheffield; 91), Greg Lip (City Hospital,
Birmingham; 11), Ranjit More (Victoria Hospital, Blackpool; 46), Rajdeep Khattar (Manchester Royal
Infirmary, Manchester; 15), lan Hudson (Glenfield Hospital, Leicester; 3), lain Squire (Leicester Royal
Infirmary, Leicester; 13), Mark De Belder (James Cook University Hospital, Middlesborough; 6), Alastair
Pell (Monklands Hospital, Airdrie; 3), Keith Oldroyd (Western Infirmary, Glasgow; 23), Chim Lang
(Ninewells Hospital, Dundee; 17), Keith Fox (Edinburgh Royal Infirmary, Edinburgh; 8), Niall Herity
(Belfast City Hospital, Belfast; 13), Andrew Moriarty (Craigavon Area Hospital, Belfast; 7), Mark Ramsey
(Morriston Hospital, Swansea; 16), Patrick O'Callaghan (Royal London Hospital, London ; 1), Martin
Wilkins (Hammersmith Hospital, London; 4), Diane Bruce (Poole General Hospital, Poole; 1), Andrew
Bishop (North Hampshire Hospital, Basingstoke; 3)

United States of America: Salvador Lanza (Florida Hospital Altamonte, Orlando; 1), Theodore Lau (FHS
Research Center, Tacoma; 19), David Henderson, John Walker (Cardiology Research Associates, Ormond
Beach; 49), Michael Imburgia (Louisville Cardiology Medical Group, PSC, Louisville; 21), Paul Gurbel (Sinai
Centre for Thrombosis Research, Baltimore; 10), Joseph Raffeto (Peninsula Cardiology Associates,
Salisbury; 8), James Donovan (Norton Suburban Hospital Cardiovascular Associates, Louisville; 10),
Venkatesh Nadar (Heritage Cardiology Associates, Camp Hill; 6), Steven Minor (Austin Heart P.A., San
Marcos; 7), William Rogers (University of Alabama at Birmingham, Birmingham; 2), Frank Lester (IMC
Diagnostic & Medical Clinic Mobile Infirmary, Mobile; 1), James Bengston (St. Joseph Mercy Oakland
Hospital, Pontiac); 8), Wayne Leimbach (Oklahoma Heart Institute, Tulsa; 7), Vibhuti Singh (Suncoast
Cardiovascular Research, St Petersburg; 10), Ernesto Rivera (Amarillo Heart Clinical Research Institute,
Amarillo; 6), Ralph Vicari (Holmes Regional Medical Center, Melbourne); 7), Jerome Anderson (Integris
Heart Hospital, Oklahoma City; 2), Vasilios Papademetriou (VA Medical Center - DC, Washington; 4),
Michael Rich (St Marys Duluth Clinic, Duluth; 8), Drew Purdy (Black Hills Clinical Research Ctr, Rapid City;
3), Paul Casale (Lancaster General Hospital, Lancaster; 8), John Corbelli (Buffalo Cardiology & Pulmonary
Associates, Williamsville; 4), Steven Guidera (Doylestown Hospital, Doylestown; 57), John Murphy (South
County Cardiology Associates Inc, Wakefield; 5), William Wu (Central Cardiovascular Research
Foundation, San Antonio; 4), John Gordon (San Diego Cardiac Ctr, San Diego; 3), Biswajit Kar (VA Medical
Center - TX, Houston; 16), Diwakar Lingham, Jorge Davidenko (New York Heart Center, Syracuse; 4), Brian
Friedman (Olathe Medical Center, Olathe; 1), Michael Lim (St. Louis University Health Sciences Center, St
Louis; 16), Magdi Ghali (lowa Heart Center PC, West Des Moines; 19), John Sinden, Marc Silver (Raleigh
Cardiology, Raleigh; 3), Henry Lui (APEX Cardiology PC, Jackson; 22), Steven Yakubov (Midwest
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Cardiology Research Foundation, Columbus; 7), Robert Weiss (Maine Research Associaties, Auburn; 7),
Ajay Virmani (Winchester Cardiology & Internal Medicine Inc., Winchester; 13), William Matthai (Penn -
Presbyterian Medical Center, Philadelphia; 4), Fayez Shamoon (St. Michael Medical Center, Newark; 2),
Ramin Ebrahimi (VA Greater LA Healthcare System, Los Angeles; 16), Peter Fattal (Michigan
Cardiovascular Institute, Saginaw; 4), David Kraus (Baptist Clinical Research Center, Memphis; 4), Radha
Sarma (LAC & USC Medical Center, Los Angeles; 2), Robert Feldman (Munroe Regional Med Center,
Ocala; 9), Mahesh Mulumudi (Providence Everett Med Center, Everett; 1), Paul Tolerico (Cardiac
Diagnostic Associates, York; 6), John Patterson (Forsyth Medical Center, Winston-Salem; 2), Wyatt Voyles
(Medical Center of the Rockies, Fort Collins; 6), Kamal Gupta (University of Kansas Medical Center,
Kansas City; 1), Steven Hearne (Delmarva Heart, L.L.C., Salisbury; 10), David Schneider (University of
Vermont, Burlington; 9), Keith Atassi (Northwest Indiana Cardiovascular Physicians, Valparaiso; 25),
Mahesh Bikkina (St. Josephs Hospital Medical Center, Paterson; 8), Andrew Doorey (Christiana Hospital,
Newar; 4), Valerian Fernandes (Ralph H Johsnson VAMC, Charleston; 1), Paul Gordon (Miriam Hospital,
Providence; 11), Gene Langevin (Freeman Health System, Joplin; 24), Raymond Mckay (Hartford Hospital,
Hartford; 18), Viral Mehta (Comprehensive Cardiovascular Medical Group, Bakersfield; 12), George
Aycock (Cardiology Consultants - FL, Pensacola; 14), Dominick Angiolillo (University of Florida,
Jacksonville; 44), Barry Reicher (University of Maryland Hospital, Baltimore; 33), Brian Schwartz
(Kettering Medical Center, Kettering; 3), Annapoorna Kini, Samin Sharma (Mount Sinai Medical Center,
New York; 1), Muhammed Yasin (Integris Southwest Medical Center, Oklahoma City; 16), Ronald Fields
(St. Marys Medical Center, Langhorne; 7), Jeffrey Popma, Pinak Bipin Shah (Brigham and Womens
Hospital - Harvard Medical School, Boston; 4), Cezar Staniloae (St Vincents Catholic Medical Centers,
New York; 4), Thomas Carlson (Austin Heart P.A., Austin; 9), Peter Verlee (Northeast Cardiology
Associates, Bangor; 10), Stephen Culp (Sarasota Memorial Hospital, Sarasota; 5), Massoud Leesar, Sohail
Ikram (Univ of Louisville Hospital Jewish Hospital, Louisville; 19), Saeed Shaikh (Indiana Heart Physicians,
Indianapolis; 6), Bruce Mclellan (St Charles Medical Center Heart Institute of the Cascades, Bend; 11),
Carmelo Panetta, Ganesh Raveenderan (Park Nicollet Heart and Vascular Center, Minneapolis; 2), Rajesh
Dave (Central PA Cardiovascular Research Institute, Harrisburg; 4), Scott Lieberman (East Texas Medical
Center, Tyler; 10), Abnash Jain, Robert Beto (West Virginia University Ruby Memorial, Morgantown; 1),
Joseph Gelormini (Buffalo Heart Group, Buffalo; 7), Hildreth Vernon Anderson (Memorial Hermann
Hospital, Houston; 2), Alan Banks (Sentara Norfolk General Hospital, Norfolk; 12), Harish Chandna
(Victoria Heart & Vascular Center, Victoria; 8), Yellapragada Chandrashekhar (Minneapolis VAMC,
Minneapolis; 1), H Barrett Cheek (Carolina Cardiology Associates, High point; 11), Michael Del Core
(Creighton University, Omaha; 4), William French (UCLA Medical Center, Torrance; 10), Jeffrey Harris
(McLaren Regional Medical Center, Laper; 1), David Jinich (Covenant Cardiology Associates, Lubbock; 1),
Kenneth Kent (Suburban Hospital, Bethesda; 17), Masroor Khan (University of Texas Health Science
Center, Tyler; 1), Phillip Kraft (William Beaumont Hospital, Troy; 14), Tom Lassar (University Hospital
Case Medical Center, Cleveland; 2), Terrence Sacchi (New York Methodist Hospital, Brooklyn; 3), Hani
Kozman (SUNY Upstate Medical Univ, Syracuse; 6), Rakesh Prashad (Ocala Research Institute, Ocala; 4),
Gregory San (Upstate Cardiology PA, Greenville; 11), Augusto Villa (Advanced Clinical Research
Associates, Jupiter; 5), David Drenning (Huntsville Hospital, Huntsville; 29), Robert Applegat (Wake Forest
University Health Sciences, Winston-Salem; 9), Paul Hermany (Buxmont Medical Associates, Sellersville;
4), Ronald Karlsberg (Access Clinical Trials, Beverly Hills; 2), Michele Degregorio (St. Joseph Mercy
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Oakland Hospital, Pontiac; 12), Richard Bach (Washington Univ School of Medicine, St Louis; 9), Gregory
Giugliano (Baystate Medical Center, Springfield; 5), Bruce Graham (Medical Consultants P.C., Muncie;
19), William Bowden (Santa Rosa Memorial Hosp, Healdsburg; 2), Michael Rosenberg, Parag Patel
(Michael Rosenberg, Park Ridge; 1), Emmanouil Brilakis (Dallas VA Medical Center, Dallas; 10), Sarah
Fenton (Cardiology Associates of Green Bay, Ltd, Green Bay ; 11), John Gassler (University of Rochester,
Rochester; 20), James Johnson, Jr (North MS Medical Center, Tupelo; 11), Brent Mclaurin (AnMed
Health, Anderson; 2), Ali Sonel (Pittsburgh Veterans Healthcare System, Pittsburgh; 4), Anil Chhabra
(Cardiovascular Research, LLC,; 10), Frans Vossenberg (Mary Washington Hospital, Fredericksburg; 3),
Phillip Horwitz (University of lowa Hospital Clinics, lowa City; 14), Kenneth Baran (St. Paul Heart Clinic, St
Paul; 9), Ellis Lader (MidValley Cardiology, Kingston; 3), Adrian Magee (Inova/Fairfax Hospital Inst of
Research Education, Falls Church; 1), Jeffrey Chambers (Metropolitan Cardiology Consultants; 15), James
Delemos, Tayo Addo (Parkland Memorial Hospital, Dallas; 7), George Fehrenbacher (Sutter Roseville
Family Prac, Roseville; 2), Paul Grossman (University of Michigan Medical Center, Ann Arbor; 4), Kishore
Harjai (Guthrie Clinic, Ltd., Sayre; 7), Nasiruddin Jamal (Wilson Regional Medical Center / United Health
Services Hospital, Johnson City; 1), Abdulhay Albirini (Genesis HealthCare System, Zanesville; 12), Violet
Atanasoski-Mccormack (Broward General Medical Center, Ft Lauderdale; 26), Thomas Ayres (Knoxville
Heart Group, Knoxville; 10), Kul Aggarwal (University of Missouri Hospitals & Clinic, Colombia; 23), David
Chang Moffitt Heart & Vascular Group, Wormleysburg; 2), Ajay Labroo (Trinity Medical Center, Rock
Island; 1), Vance Wilson (Cardiology Consultants, Daytona Beach; 1), Luis Rodriguez-Ospina (VA
Caribbean Healthcare System, San Juan; 8), Ryan Whitney (Bryan LGH Hospital, Lincoln; 7), John Lopez,
Dr Sandeep Nathan (University of Chicago Hospital, Chicago; 3), Gary Schaer (Rush University Medical
Center, Chicago; 4), Barry Weinstock (Orlando Regional Medical Center, Orlando; 3), Nicholaos
Xenopoulos (Jewish Hospital Healthcare Inc, Louisville; 1), Frank Zidar (Austin Heart P.A., Austin; 42),
James Blankenship (Geisinger Clinic, Danville; 2), Cary Hirsch, Marcus Williams (Valley Hospital, Oakland;
5), Frank Mcgrew (Baptist Memorial Hospital Health Care, Memphis; 4), Nandkishore Ranadive (Florida
Hospital, Orlando; 7), Bernard Reen, Robert Iwaoka (Mid Carolina Cardiology, Charlotte; 45), Robert
Iwaoka (Trinity Medical Center, Rock Island; 5), Jan Skowronski (Rockford Cardiology Research
Foundation, Rockford; 2), Gervasio Lamas (Mt. Sinai Medical Center, Miami Beach; 2), Keith Rice (Mofitt
Heart&Vascular Group - Holy Spirit Hospital Group, Wormsleyburg; 2), Venkata Yalamanchili (Rudd Heart
and Lung Center University of Louisville, Louisville; 4), Robert Touchon (Kentucky Heart Institute,
Ashland; 10), Hal Wasserman (Regional Heart Vascular Center at Danbury Hospital, Danbury; 2), Edo
Kaluski (University of Medicine and Dentistry of NJ, Newark; 9), Richard Lowry (Cardiovascular Associates
of East Texas, Tyler; 7), Thomas Mathew (Faxton-St. Lukes Health Care; 4), Darshak Karia (Albert Einstein
Medical Center, Philadelphia; 1), Maher Rabah (William Beaumont Hospital, Royal Oak; 8), M. Reza
Movahed (University of Arizona Sarver Heart Center, Tucson; 3), Mark Ricciardi (University Heakth
Sciences Center, Albuquerque; 1), Michael Foster (Sisters of Charity Providence Hospital, Columbia; 1),
Daniel Eisenberg (Foothill Cardiology California Heart Medical Group, Burbank; 1), Tim Fischell (Borgess
Research Institute, Kalamazoo; 1), Johannes Brechtken, Shailesh Shetty (Regions Hospital St Pauls, St
Pauls; 2), James Trippi (Methodist Research Institute, Indianapolis; 4), Joseph Rossi, Mauricio Cohen
(UNC Chapel Hill, Chapel Hill; 2), Joel Cohn (Thoracic and Cardiovascular Institute HeartCare, Lansing; 1),
Dan Fintel (Northwestern Hospital, Chicago; 3), Luis Tami (Memorial Regional Hospital, Hollywood; 3),
Edward O'Leary (Nebraska Medical Center University Hospital, Omaha; 1), David Safley (Saint Lukes
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Hospital, Kansas City; 3), Thomas Stuckey (LeBauer CV Research Foundation, Greensboro; 19), Atul
Aggarwal (Nebraska Heart Institute, Lincoln; 2)



