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Abstract D-dimer is a product of cross linked fibrin deg-

radation and is a measure of the amount of fibrin turnover. As

such, D-dimer might be of utility in the prediction of both

thrombotic and hemorrhagic events. Therefore, the aim of the

present study was to evaluate whether elevated D-dimer levels

on admission and at discharge could predict subsequent

ischemic and hemorrhagic events in patients with acute

myocardial infarction (AMI). D-dimer was measured on

admission and at discharge in 461 out of a total of 3,602

patients in the HORIZONS-AMI trial, as part of the formal

prespecified biomarker substudy. The predictive value for

major adverse cardiovascular events (MACE) and non-CABG

major bleeding after 3 year follow up was investigated by

stratifying patients in groups of D-dimer level and comparing

event rates using Kaplan–Meier and calculating hazard ratios

using Cox proportional hazards models. D-dimer lev-

els C 0.71 lg/mL on admission were associated with an

adjusted hazard ratio of 2.58 for MACE (p = 0.0014) and

4.61 for major bleeding (p = 0.0018). A discharge D-dimer

level C 1.26 lg/mL was associated with a higher risk for

MACE by univariate analysis (HR 1.88, p = 0.037), but lost

its significance after multivariate adjustment (HR 1.77,

p = 0.070). High D-dimer levels on admission were associ-

ated with a higher risk of MACE and non-CABG major

bleeding in STEMI patients undergoing pPCI.
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Abbreviations

PCI Percutaneous coronary intervention

AMI Acute myocardial infarction

CABG Coronary artery bypass grafting

UFH Unfractionated heparin

GPI Glycoprotein IIb/IIIa inhibitor

HORIZONS-AMI Harmonizing outcomes with revascu-

larization and stents in acute myocardial

infarction trial

TIMI Thrombolysis in myocardial infarction

MACE Major adverse cardiovascular events

PES Paclitaxel-eluting stent

BMS Bare metal stent

Introduction

The prognosis of initial survivors after acute myocardial

infarction (AMI) is affected by the occurrence of recurrent

ischemic events as well as major bleeding [1]. Plaque dis-

lodgment and disruption of endothelium secondary to per-

cutaneous coronary intervention (PCI), activation of the

coagulation cascade and activation of platelets expose the

patient to a high risk of recurrent ischemic events. Although

antithrombotic therapy reduces this risk, it increases the risk

for hemorrhagic complications [2, 3].

D-dimer is a product of the degradation of cross-linked

fibrin and its serum levels reflect both fibrin formation and

degradation. D-dimer concentrations were shown to remain

elevated for several months after AMI treated with

thrombolysis, illustrating the enhanced coagulable state

post myocardial infarction patients are exposed to [4]. In

addition, an enhanced coagulable state, caused by elevated

blood fibrinogen levels, is associated with myocardial

infarction, stroke and mortality [5–7]. Therefore, because

of its potential to identify individuals with a hypercoagu-

lable state, D-dimer might be a useful biomarker in pre-

dicting recurrent ischemic events.

Although an association between high levels of D-dimer

and subsequent cardiovascular events has been well doc-

umented in healthy subjects and patients with unstable

angina, there are no data regarding the prognostic value of

D-dimer levels in a contemporary cohort of AMI patients

treated with pPCI [8–15]. Moreover, in previous studies

investigating the prognostic value of D-dimer, D-dimer

was measured 2 weeks up to 2 months after the initial MI

and no previous studies have investigated the prognostic

value of D-dimer levels on admission or at discharge

[9, 16].

In an exploratory analysis of the HORIZONS-AMI

(harmonizing outcomes with revascularization and stents in

AMI) biomarker study, we found an association between

admission D-dimer levels and subsequent major bleeding.

The aim of the present analysis was to further elaborate on

D-dimer and the risk of bleeding and to investigate the

relationship between admission D-dimer levels and the risk

of subsequent cardiovascular events. In addition, we sought

to investigate whether D-dimer levels at discharge could be

of utility in the prediction for subsequent ischemic and

hemorrhagic outcomes. Finally, we questioned if discharge

D-dimer level and the change in D-dimer level during

hospitalization were influenced by bivalirudin as compared

to unfractionated heparin (UFH) plus a glycoprotein IIb/

IIIa inhibitor (GPI).

Methods

The design and results of the HORIZONS-AMI trial have

been previously published [17–20]. Briefly, between March

25, 2005 and May 7, 2007, a total of 3,602 STEMI patients

were randomized open-label in a 1:1 ratio to treatment with

bivalirudin alone (1,800 patients) or with UFH plus a GPI

(1,802 patients). Consecutive patients C18 years of age

who presented within 12 h after the onset of symptoms and

who had C1 mm ST-segment elevation in two or more

contiguous leads, new left bundle-branch block, or true

posterior myocardial infarction were eligible for enrolment.

Emergency coronary angiography with left ventriculogra-

phy was performed after randomization, with subsequent

triage to treatment with PCI, coronary artery bypass

grafting (CABG), or medical management at physician

discretion. After patency was restored in the infarct-related

vessel, those patients assigned to PCI were randomized

again, in a 3:1 ratio, to either paclitaxel-eluting stents (PES,

TAXUS Express, Boston Scientific, Natick, Ma) or an

uncoated, but otherwise identical bare metal stent (BMS)

(Express, Boston Scientific, Natick, Ma). Follow-up angi-

ography was performed routinely in a prespecified fraction

of patients. Clinical follow-up was planned at 30 days, 6,

and 12 months, and then yearly for 3 years total. An

independent clinical events committee (Cardiovascular

Research Foundation, NY, USA) that was masked to

treatment assignment adjudicated all adverse ischemic and

bleeding events from original source documents and pro-

cedural angiograms. The 3 year results of the HORIZONS-

AMI trial have been published previously [17].

Biomarkers substudy

A total of 502 patients within the angiographic follow-up

cohort of the main trial who were randomized to receive

PES were enrolled in the pre-specified biomarker substudy

after appropriate additional written informed consent was
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obtained. The angiographic cohort consisted of the first

1,800 consecutive patients randomized to the stent arm in

whom stent implantation was successful (diameter stenosis

\10 % with TIMI-3 flow and no more than an NHLBI type

A persistent dissection). A total of 26 biomarkers were

measured at study enrolment, hospital discharge, 30 days

and 1 year (a list of these 26 biomarkers is given in online

resource 1). D-dimer levels were determined by Alere Inc.,

San Diego, CA, using Luminex immunoassay methods

(Online resource 1). Detailed information regarding the

immunoassays has been previously published [21].

Study endpoints and definitions

Primary endpoint of interest for the present study was the

occurrence of a major adverse cardiovascular event

(MACE). MACE was defined as the composite of all-cause

death, recurrent MI, stroke, or target vessel revasculariza-

tion for ischemia. The primary safety endpoint was non

CABG related major bleeding. Major bleeding was defined

as any bleeding that met the following criteria: intracranial

bleeding, intraocular bleeding, retroperitoneal bleeding,

access site hemorrhage requiring surgery or a radiologic or

interventional procedure, hematoma C5 cm in diameter at

the puncture site, reduction in hemoglobin concentration of

C4 g/dL without an overt source of bleeding, reduction in

hemoglobin concentration of C3 g/dL with an overt source

of bleeding, reoperation for bleeding, or use of any blood

product transfusion. Secondary endpoints included cardiac

and non cardiac mortality, ischemic and hemorrhagic

stroke and reinfarction. Endpoint definitions have been

previously published in detail [20].

Anemia was defined using WHO criteria as a hematocrit

value at initial presentation\39 % for men and\36 % for

women [22]. Thrombocytopenia was defined as \150,000

platelets per cubic millimeter at baseline (notably, a base-

line platelet count under 100,000/cc3 was an exclusion

criterion). Creatinine clearance was calculated at baseline

by the Cockcroft–Gault equation [23].

Statistical analysis

Categorical variables are presented as percentages and

were compared with the Chi square test or the Fisher’s

exact test. Continuous variables are presented as medians

with interquartile ranges, and were compared using Mann–

Whitney U test.

To compare patient and procedural characteristics in

patients with different D-dimer levels and to evaluate the

impact of D-dimer levels on outcome, patients were divided

into three groups according to D-dimer values on admis-

sion and at discharge. To increase statistical power, cutoffs

for low-, intermediate-, and high-D-dimer groups were

determined according to thirds of D-dimer levels among

those who suffered a MACE. For analyses investigating the

relationship between discharge D-dimer and subsequent

outcome, only patients who were alive at hospital discharge

were included in the analysis and only events occurring after

discharge were taken into consideration.

We used a stepwise logistic regression model to deter-

mine the determinants of a high D-dimer level (defined as

values above the cut-off of the highest admission D-dimer

group). Kaplan–Meier analyses were used to estimate the

3 year event rates and to plot time-to-event curves; com-

parisons between the three groups of D-dimer were tested for

significance using the log-rank test. We calculated unad-

justed hazard ratios for MACE and non-CABG major

bleeding using Cox proportional hazard models. To deter-

mine univariate predictors of MACE, we performed uni-

variate Cox regression analyses including all variables in

Table 1. To determine predictors of MACE in our dataset,

we developed a multivariable stepwise Cox regression

model including the variables with the strongest association

with MACE by univariate analysis (to avoid overfitting, up

to eight variables were considered for inclusion). The

adjusted hazard ratio of the highest D-dimer group was

calculated by adjusting for these predictors of MACE.

Similarly, we calculated adjusted HRs for discharge

D-dimer groups using Cox regression models including the

previously identified relevant predictors of MACE. Entry

and exit criteria were set at p = 0.10. The adjusted hazard

ratio for bleeding was calculated in a multivariate Cox

model adjusting for a risk score for bleeding by Mehran et al.

[24]. This bleeding risk score proposed by our group is an

integer score derived from the following six baseline char-

acteristics that were predictive of non-CABG major bleeding

in the acute catheterization and urgent intervention triage

strategy (ACUITY) trial and HORIZONS-AMI trial: age,

gender, white blood cell count, serum creatinine (mg/dL),

anemia, antithrombotic therapy (UFH ? GPI vs bivalirudin)

and presentation (STEMI vs NSTEMI) [24].

Results

Of the 3,062 patients randomized in the HORIZONS-AMI

trial, 502 were enrolled in the formal biomarker substudy

(501 patients received a PES). Baseline characteristics and

outcome of patients in the biomarker substudy versus those

excluded for the biomarker substudy have been previously

published [25]. 3 year clinical follow up was complete in

480 patients (96 %) and admission D-dimer was measured

in 461 patients. Admission D-dimer was measured after a

median of 9 min after start of the pPCI (IQR 4–33 min). In

15.3 % of patients D-dimer was measured before the start of

the procedure, in 82.3 % of patients the measurement was
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Table 1 Demographic, procedural and treatment characteristics by groups of admission D-dimer levels

Characteristic \0.30 lg/mL

(N = 215)

0.30–0.71 lg/mL

(N = 161)

C0.71 lg/mL

(N = 85)

p value

Age-median (IQR) 55.8 (48.4–63.8) 61.0 (53.4–69.9) 70.2 (59.9–77.6) \0.0001

Male, % (n/N) 88.4 (190/215) 75.2 (121/161) 64.7 (55/85) \0.0001

BMI-median (IQR) 27.4 (25.0–30.4) 27.4 (24.7–30.9) 26.9 (24.0–29.5) 0.39

History of hypertension, % (n/N) 50.7 (109/215) 53.4 (86/161) 60.0 (51/85) 0.35

History of hyperlipidemia, % (n/N) 43.3 (93/215) 43.5 (70/161) 37.6 (32/85) 0.63

Current smoker, % (n/N) 47.9 (103/215) 53.4 (86/161) 45.9 (39/85) 0.44

History of diabetes mellitus 15.3 (33/215) 13.0 (21/161) 15.3 (13/85) 0.94

IDDM 3.3 (7/215) 3.7 (6/161) 3.5 (3/85)

History of prior MI, % (n/N) 3.7 (8/215) 6.2 (10/161) 11.8 (10/85) 0.032

History of prior PCI, % (n/N) 5.6 (12/215) 6.8 (11/161) 12.9 (11/85) 0.085

History of prior CABG, % (n/N) 1.4 (3/215) 1.9 (3/161) 1.2 (1/85) 0.90

History of family premature CAD, % (n/N) 39.1 (84/215) 28.0 (45/161) 24.7 (21/85) 0.017

History of CHF, % (n/N) 2.8 (6/215) 2.5 (4/161) 10.6 (9/85) 0.004

Killip class [ 1, % (n/N) 5.6 (12/215) 3.1 (5/161) 12.9 (11/85) 0.0082

History of peripheral vascular disease, % (n/N) 0.9 (2/215) 4.3 (7/161) 7.1 (6/85) 0.017

LVEF \ 40 %, % (n/N) 9.4 (18/192) 10.7 (15/140) 23.7 (18/76) 0.0045

Symptom onset to balloon (minutes)–median (IQR) 201 (146–299) 220 (160–320) 271 (183–403) 0.0021

Laboratory assays

White blood cell count-median (IQR) 10.7 (8.4–12.9) 10.8 (8.6–13.4) 10.7 (8.3–13.3) 0.79

Anemia, % (n/N)a 6.2 (13/211) 10.8 (17/157) 22.2 (18/81) 0.0004

Creatinine clearance-median (IQR) 103 (82.8–129.5) 90.9 (70.5–115) 80.2 (51.1–104) \0.0001

Platelet count \ 150,000, % (n/N) 2.9 (6/210) 4.5 (7/156) 4.9 (4/82) 0.61

Angiographic and procedural characteristics

IRA, % (n/N)

LAD 38.8 (92/237) 36.6 (64/175) 42.9 (39/91) 0.61

LCX 16.5 (39/237) 16.6 (29/175) 11.0 (10/91) 0.42

RCA 43.9 (104/237) 46.3 (81/175) 45.1 (41/91) 0.89

LM 0.0 (0/237) 0.0 (0/175) 0.0 (0/91) N/A

TIMI flow pre PCI, % (n/N)

0/1 58.1 (137/236) 61.1 (107/175) 62.2 (56/90) 0.72

2/3 41.9 (99/236) 38.9 (68/175) 37.8 (34/90)

Number of stents implanted 1.55 ± 0.98 1.56 ± 0.73 1.62 ± 0.86 0.80

Randomized to bivalirudin, % (n/N) 54.0 (116/215) 47.8 (77/161) 45.9 (39/85) 0.25

GP IIb/IIIa inhibitor, % (n/N) 51.2 (110/215) 56.5 (91/161) 60.0 (51/85) 0.32

Loading dose clopidogrel, % (n/N) 99.1 (213/215) 100.0 (161/161) 98.8 (84/85) 0.67

300 mg 27.2 (58/213) 27.3 (44/161) 33.3 (28/84)

600 mg 72.3 (154/213) 72.7 (117/161) 66.7 (56/84)

Mehran risk score for bleedingb 11 (7–15) 14 (10–19) 18 (9–18) \0.001

Closure device 44.3 (93/210) 39.6 (61/154) 43.4 % (36/83) 0.66

IQR interquartile range, BMI body mass index, MI myocardial infarction, CABG coronary artery bypass grafting, PCI percutaneous coronary

intervention, IDDM insulin requiring diabetes mellitus, CAD coronary artery disease, CHF congestive heart failure, LVEF left ventricular

ejection fraction, IRA infarct related artery, LAD left anterior descending artery, LCx ramus circumflexus, RCA right coronary artery, LM left

main artery, TIMI thrombolysis in myocardial infarction
a Anemia is defined as baseline hematocrit \39 for males and \36 for females
b Mehran risk score is an integer score for bleeding derived from the following 6 baseline characteristics: age, gender, white blood cell count,

serum creatinine (mg/dL), anemia, antithrombotic therapy and presentation (STEMI vs NSTEMI)

158 W. J. Kikkert et al.

123



after the start of PCI but within 60 min of the start of PCI. In

the remaining 2.4 % of patients, D-dimer was measured

after 1 h after the start of the procedure. Median D-dimer

concentration was 0.32 lg/mL (IQR 0.21–0.55 lg/mL) on

admission. Patients randomized to bivalirudin had a median

D-dimer 0.30 lg/mL (IQR 0.19–0.51 lg/mL) on admission,

as compared to 0.35 lg/mL (IQR 0.21–0.57 lg/mL) in the

UFH ? GPI group (p = 0.18). Discharge D-dimer was

measured in 418 patients after a median duration of 5.0 days

after hospital admission (IQR 3.0–6.7 days). The median

increase in D-dimer during hospital admission was 0.31 lg/mL

(IQR 0.10–0.69 lg/mL). At discharge the median D-dimer

level was 0.73 lg/mL (IQR 0.44–1.23 lg/mL). There was no

statistically significant difference in discharge D-dimer level or

increase in D-dimer level for patients randomized to bivaliru-

din or heparin ? GPI. The median discharge D-dimer level

was 0.68 lg/mL (IQR 0.42–1.16 lg/mL) in the bivalirudin

group and 0.79 lg/mL (IQR 0.48–1.32 lg/mL) in the

UFH ? GPI group (p = 0.11). The increase in D-dimer level

during hospitalization was 0.28 (IQR 0.11–0.64 lg/mL) in the

bivalirudin group versus 0.36 lg/mL (IQR 0.08–0.76 lg/mL)

in the UFH ? GPI group (p = 0.16).

Baseline characteristics according to the three groups of

D-dimer at enrolment are given in Table 1. Patients with

high D-dimer levels were typically female and of higher

age. Coronary artery disease (CAD) tended to be more

severely progressed in patients in the highest D-dimer

group: they more often had a history of previous myocar-

dial infarction, previous PCI and congestive heart failure as

compared to patients in the lowest two groups of D-dimer.

Also, they more often had a poor baseline left ventricular

ejection fraction (LVEF \ 40 %) and they more often

presented with physical signs of heart failure (Killip

class [ 1). In addition, they more frequently had a history

of peripheral artery disease, more often were anemic at

presentation and had a lower creatinine clearance com-

pared to patients in the lower groups of D-dimer. Con-

versely, patients in the lowest group of D-dimer level at

admission more often had a family history of premature

CAD. Finally, the total ischemic time tended to be longer

with increasing D-dimer levels.

Predictors of high D-dimer

Table 2 displays the independent predictors of a high

D-dimer level (C0.71 lg/mL) on admission. Female

patients had a twofold higher risk of having a high D-dimer

level at presentation (OR 1.96, 95 % CI 1.05–3.70,

p = 0.033). Per 10 years increase, age was associated with

a 65 % increase in risk for a high D-dimer level

(p = 0.0002). Those with a history of congestive heart

failure or a poor LVEF had a markedly higher risk of

having a high D-dimer (OR 2.72, p = 0.065 and OR 2.59,

p = 0.027 respectively). Furthermore, patients with ane-

mia on admission had a twofold higher risk of high

D-dimer levels. Finally, the risk of a high D-dimer level

increased with increasing total ischemic time (OR 1.11,

95 % CI 1.01–1.22, p = 0.027).

D-dimer on admission and subsequent outcome

Table 3 shows clinical outcomes at 3 years according to the

3 groups of D-dimer concentration at baseline. Figure 1

displays the Kaplan–Meier curves for the three D-dimer

groups at admission and subsequent outcome. The rates of

MACE, all-cause mortality and stroke increased with

increasing levels of D-dimer. By univariate analysis, com-

pared with the lowest group, the hazard ratio for the highest

group for 3 year MACE was 2.86 (95 % CI 1.69–4.83,

p \ 0.0001). The hazard ratio for the middle D-dimer group

was 1.37 (95 % CI 0.82–2.32, p = 0.24). After adjustment

for relevant predictors of MACE, the hazard ratio was 2.58

(95 % CI 1.44–4.63, p = 0.0014) for the highest group of

admission D-dimer (C0.71 lg/mL) relative to the lowest

group. The hazard ratio for the middle group D-dimer was

1.41 (95 % CI 0.82–2.41, p = 0.21). Other predictors of

3 year MACE are given in online resource 2.

16.7 % of patients in the highest group D-dimer suffered

a non-CABG major bleeding within 3 years follow up, as

compared to 1.2 % in patients with a D-dimer level

between 0.30 and 0.71 lg/mL and 2.8 % in the lowest

group (p \ 0.0001). By univariate analysis, patients in the

highest D-dimer group had a sixfold higher risk of 3-year

HORIZONS-AMI non-CABG major bleeding (HR 6.25,

95 % CI 2.40–16.26, p = 0.002) compared to patients in

the lowest and middle group. After adjustment for the

Mehran risk score for bleeding the hazard ratio for 3 year

major bleeding was 4.61 (95 % CI 1.76–12.1, p = 0.0018).

The hazard ratio for bleeding for this risk score was 1.09

per unit increment (95 % CI 1.03–1.15, p = 0.0021).

Adjustment for other variables was not possible given the

low number of events.

D-dimer at discharge and subsequent outcome and delta

D-dimer and subsequent outcome

Table 4 shows 3 year clinical outcome according to groups

of discharge D-dimer levels. At discharge, higher levels of

D-dimer were associated with higher rates of subsequent

MACE, death and stroke. By univariate analysis, D-dimer

levels above 1.261 lg/mL were associated with a twofold

higher risk of subsequent MACE compared to D-dimer

levels below 0.61 lg/mL (HR 1.88, 95 % CI 1.04–3.39,

p = 0.037). After adjustment for relevant predictors of

MACE, the hazard ratio for the highest group lost its sta-

tistical significance but was materially unchanged: 1.77

D-dimer and outcomes after STEMI 159

123



(95 % CI 0.96–3.28, p = 0.070). Other predictors of

MACE occurring after discharge up to 3 years are given in

online resource 3.

Discussion

The primary finding of this study is that a serum D-dimer

concentration C0.71 lg/mL measured on admission is

associated with a higher risk of MACE and major bleeding

occurring within 3 years follow-up. A high D-dimer level

at discharge (C1.26 lg/mL) was associated with a higher

incidence of subsequent MACE, but after multivariable

adjustment was no longer associated with a statistically

significant higher risk of subsequent MACE.

Although the relationship between D-dimer and

subsequent outcome has been previously reported in

healthy subjects and patients with unstable angina, no

such relationship has been previously investigated in a

contemporary set of AMI patients treated with pPCI and

dual antiplatelet therapy. Moreover, those studies investi-

gating the role of D-dimer in the prediction of subsequent

outcome in AMI patients treated with thrombolysis have

yielded conflicting results. In a substudy of the ESTEEM

trial, higher D-dimer levels were not associated with a

higher risk for cardiovascular events in 518 patients

2 weeks after their initial MI [16]. By contrast, in a study

conducted in 314 patients with acute anterior MI treated

with thrombolysis, patients who suffered a recurrent MI or

death within 90 days follow up, had a higher mean D-dimer

level at 2 and 7 days after presentation, compared to those

who had not [26]. Furthermore, in a study of 1,045 patients

2 months after an MI, a D-dimer level [ 0.65 lg/mL was an

independent predictor for cardiovascular death or MI (HR

2.43 after multivariable adjustment) [9]. In our study higher

discharge D-dimer levels measured after a median of 5 days

were associated with a twofold increase in risk for

MACE. This confirms that higher D-dimer levels in post MI

Table 2 Predictors of a high D-dimer level (C0.71 lg/mL) on admission

Variable Odds ratio 95 % CI p value

History of CHF 2.72 0.94–7.88 0.065

Anemia 2.51 1.17–5.38 0.018

LVEF \ 40 % 2.59 1.12–6.02 0.027

Female sex 1.96 1.05–3.70 0.033

Age (per 10 years increment) 1.65 1.27–2.15 0.0002

Symptom onset to balloon time (per hour increment) 1.11 1.01–1.22 0.027

Determined by logistic regression analysis including the following candidate covariables: age, sex, anemia, creatinine clearance, history of

congestive heart failure, symptom onset to balloon time, LVEF \ 40 %, and killip class [ 1

CI confidence interval, CHF congestive heart failure, LVEF left ventricular ejection fraction

Table 3 Three year clinical outcome according to groups of D-dimer at enrolment

Outcome measure \0.30 lg/mL (N = 215) 0.30–0.71 lg/mL (N = 161) C0.71 lg/mL (N = 85) p value

MACE 13.1 (28/215) 18.0 (28/161) 33.6 (28/85) 0.0002

Death 1.4 (3/215) 2.6 (4/161) 10.9 (9/85) 0.0003

Cardiac 0.9 (2/215) 1.9 (3/161) 2.6 (2/85) 0.58

Non cardiac 0.5 (1/215) 0.6 (1/161) 8.6 (7/85) \0.0001

Reinfarction 4.7 (10/215) 4.6 (7/161) 10.4 (8/85) 0.15

Death or reinfarction 6.1 (13/215) 7.1 (11/161) 19.5 (16/85) 0.0008

Stroke 0.5 (1/215) 3.3 (5/161) 6.0 (5/85) 0.013

Ischemic CVA 0.0 (0/215) 2.6 (4/161) 6.0 (5/85) 0.0027

Hemorrhagic CVA 0.5 (1/215) 0.7 (1/161) 0.0 (0/85) 0.78

Non-CABG major bleeding 2.8 (6/215) 1.2 (2/161) 16.7 (14/85) \0.0001

TIMI bleeding

Minor 2.3 (5/215) 0.0 (0/161) 5.9 (5/85) 0.011

Major 0.5 (1/215) 1.2 (2/161) 7.1 (6/85) 0.0006

Major or minor 2.3 (5/215) 1.2 (2/161) 13.0 (11/85) \0.0001

MACE major adverse cardiovascular events: death, MI, ischemic TVR or stroke; CVA cerebro-vascular accident; CABG coronary artery bypass

grafting; TIMI thrombolysis in myocardial infarction
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patients are able to predict ischemic cardiovascular events.

A novel finding of our study was that admission D-dimer

was a strong predictor of MACE occurring within 3 years

follow up. In addition, we observed increasing rates of

mortality, recurrent MI and stroke with increasing groups of

D-dimer. Unfortunately, the small amount of events

restricted us in our ability to adjust for confounders; there-

fore we were unable to determine if D-dimer was an inde-

pendent predictor of the individual components of our

composite outcome measure.

Several mechanisms might underlie the predictive value of

D-dimer for MACE in AMI patients. First, D-dimer levels

may be a measure of atherosclerotic burden and correspond-

ing thrombotic activity. The degree of atherosclerotic disease

was recently shown to be associated with platelet reactivity

[27]. Moreover, atherosclerosis is thought to cause a hyper-

coagulable state by increasing IL-6 induced tissue factor

expression on circulating monocytes and microparticles. This

in turn results in increased fibrin formation and thus, after

proteolysis of fibrin, higher levels of circulating D-dimer [28,

29]. Furthermore, tissue factor expression on macrophages

and smooth muscle cells within the plaque results in activation

of the coagulation cascade resulting in fibrin formation.

Consequently, D-dimer is generated by proteolysis in ather-

omatous plaques [29]. It is therefore not surprising that cir-

culating D-dimer levels have been shown in clinical studies to

be a reflection of the severity of peripheral and coronary

atherosclerotic disease [30, 31]. Second, D-dimer may in turn

aggravate atherosclerosis, by stimulating smooth muscle cell

proliferation, and by serving as a chemotactic agent for

monocytes [32, 33]. D-dimer also increases the synthesis of

fibrinogen by stimulating the release of hepatocyte-stimulat-

ing factor from leukocytes, which in turn stimulates fibrino-

gen synthesis in the liver [34].

D-dimer and the risk of bleeding

No previous studies have shown an increased risk of

bleeding in AMI patients with high D-dimer levels. Inter-

estingly, D-dimer has recently been shown to be an

Fig. 1 Kaplan–Meier curves according to groups of admission D-dimer level. a MACE, b MI, c stroke and d non-CABG major bleeding. MACE

major adverse cardiovascular events, MI myocardial infarction, CABG coronary artery bypass grafting
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independent predictor of major hemorrhagic events in

269 atrial fibrillation patients treated with warfarin.

After approximately 2 years follow up, a D-dimer

level [ 0.5 lg/mL was associated with a strong increase in

risk for hemorrhagic complications (HR 29.3; 95 % CI:

3.65–235, p \ 0.01) after adjustment of baseline PT-INR

[35]. In 142 AMI patients treated with thrombolysis, a trend

towards higher D-dimer levels was found in patients who

suffered a hemorrhagic complication (13.9 vs 9.4 lg/mL,

p = 0.07) [36]. In 461 AMI patients treated with pPCI, we

observed a marked increase in risk for 3-year non CABG

major bleeding in patients with D-dimer C 0.71 lg/mL. A

possible explanation for the association between D-dimer

levels and the risk of bleeding could be that patients with

high D-dimer levels are at high risk of recurrent ischemic

events and these patients are more likely to require invasive

procedures and aggressive antithrombotic treatment and are

therefore exposed to a higher likelihood of bleeding.

Moreover, D-dimer may be elevated in patients with risk

factors associated with bleeding. Since there were only 22

hemorrhagic events, we had limited ability to control for

these confounding variables.

Predictors of high D-dimer levels

We found a longer total ischemic time (time from symptom

onset to balloon inflation) to be associated with high

D-dimer levels. Longer time from symptom onset to bal-

loon reflects a longer period of time from initiation of the

coagulation cascade and first fibrin deposition to hospital

admission and corresponding initiation of antithrombotic

therapy. It therefore seems plausible that longer ischemic

time results in higher fibrin turnover and hence higher

D-dimer levels.

Patients with a history of congestive heart failure and

reduced LVEF had a higher risk of high D-dimer levels.

This suggests that patients with heart failure have a higher

rate of fibrin turnover. Indeed, patients with heart failure

have been shown to be exposed to a persistent procoagulant

state with resultant further disease progression [37].

Limitations

A number of potential limitations must be addressed. The

present study follows a recent study, in which we explored

the relationship between 26 biomarkers and the risk of

subsequent bleeding. Given the multiple comparisons made

for the 26 biomarkers as part of the HORIZONS-AMI

biomarker substudy, the possibility of finding spurious

associations was increased.

Because of the small amount of events (bleeding events

in particular), we had limited ability to control for large

differences in confounding variables. However, in an

attempt to adjust for a broader set of variables, we

adjusted for a risk score for bleeding. This notwithstand-

ing, we cannot exclude that the associations found

between D-dimer and bleeding is explained by residual

confounding.

The association we found between high D-dimer levels

and subsequent MACE might not be specific for D-dimer,

but also be observed for other markers associated with

Table 4 Three year outcome by groups of discharge D-dimer level

\0.61 lg/mL (N = 173)

% (n/N)

0.61–1.261 lg/mL (N = 148)

% (n/N)

C1.261 lg/mL (N = 98)

% (n/N)

p value

MACE (death, MI, ischemic TVR or stroke) 12.7 (22/173) 15.3 (22/148) 23.0 (22/98) 0.098

Death 0 (0/173) 4.2 (6/148) 6.3 (6/98) 0.0076

Cardiac 0 (0/173) 2.1 (3/148) 3.2 (3/98) 0.088

Non cardiac 0 (0/173) 2.1 (3/148) 3.3 (3/98) 0.087

Reinfarction 8.7 (15/173) 0.7 (1/148) 7.5 (7/98) 0.0072

Death or reinfarction 8.7 (15/173) 4.9 (7/148) 12.5 (12/98) 0.10

Stroke 1.2 (2/173) 1.4 (2/148) 3.2 (3/98) 0.45

Ischemic CVA 1.2 (2/173) 1.4 (2/148) 2.2 (2/98) 0.82

Hemorrhagic CVA 0 (0/173) 0 (0/148) 1.0 (1/98) 0.19

Major bleeding (non-CABG related) 0 (0/173) 0.7 (1/148) 0 (0/98) 0.39

TIMI bleeding

Minor 0.6 (1/173) 1.4 (2/148) 0 (0/98) 0.44

Major 0.6 (1/173) 1.4 (2/148) 0 (0/98) 0.44

Major or minor 0.6 (1/173) 1.4 (2/148) 0 (098) 0.44

MACE major adverse cardiovascular events: death, MI, ischemic TVR or stroke; CVA cerebro-vascular accident; CABG coronary artery bypass

grafting; TIMI thrombolysis in myocardial infarction
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coagulation that are closely related to D-dimer, such as

lipoprotein(a). Unfortunately these were not measured in

the HORIZONS-AMI biomarker substudy. Therefore, we

were unable to determine if D-dimer has incremental value

in the prediction of future cardiovascular events in post

STEMI patients, on top of markers such as fibrinogen or

lipoprotein (a). As 99.9 % of patients (501/502) in the

biomarker substudy of the HORIZONS-AMI were treated

with PES, these results cannot directly be extrapolated to

AMI patients treated with BMS or other DES such as ev-

erolimus-eluting stents. Also, all patients underwent pri-

mary PCI for STEMI, and these results may therefore not

be applicable to ACS patients. Finally, due to the retro-

spective nature of our analysis, causality between D-dimer

and subsequent outcome cannot be established and our

analyses should be considered hypothesis generating.

Conclusions

D-dimer at presentation is associated with MACE and non

CABG major bleeding in patients with AMI treated with

primary PCI and PES. This implies a significant relation

between the amount of fibrin formation and degradation

and subsequent risk for ischemic and hemorrhagic outcome

after AMI. A larger trial is warranted to definitively address

the prognostic value of D-dimer for subsequent MACE and

bleeding after acute MI.
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