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Increased thrombin generation after acute versus chronic
coronary disease as assessed by the thrombin generation test
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Summary
Atherosclerosis is the most common pathophysiologic sub-
strate of coronary artery disease (CAD).Whereas plaque pro-
gression and arterial remodeling are critical components in
chronic CAD, intracoronary thrombosis over plaque disruption
is causally related to acute CAD. It was the objective of this
study to investigate the differences between prior acute CAD
and chronic CAD by a simple global coagulation assay measuring
thrombin generation. A cross-sectional study involving 15
healthy controls, 35 patients with chronic stable CAD, and 60
patients after an episode of acute myocardial infarction (AMI)
was performed.Thrombin generation was measured between
three and 11 months after the initial diagnosis (mean 6 months)
by a commercially available fluorogenic assay (Technothrombin
TGA). In each patient the lag phase, velocity index and peak
thrombin were obtained from the thrombogram profile.Tradi-
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tional cardiovascular risk factors were recorded,and the inflam-
matory markers, fibrinogen and hs-C-reactive protein were de-
termined.Compared with stable CAD patients, showing normal
thrombograms, those with previous AMI showed earlier lag
phase (p<0.05) and significant increase of both the velocity
index (p<0.001) and peak thrombin (p<0.05), indicating faster
and higher thrombin generation in theAMI group.Differences in
thrombin generation between stable and acute CAD patients
remained significant (p<0.001) after adjusting for conventional
CAD risk factors (age, gender, diabetes, hypertension, smoking,
and hypercholesterolemia). In conclusion, patients with a pre-
vious history of acute CAD showed earlier, faster and higher
thrombin generation than stable chronic CAD patients. The
thrombin generation test may be of clinical value to monitor hy-
percoagulable/vulnerable blood and/or guide therapy in CAD.
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Introduction
Thrombin generation is a pivotal step in haemostasis leading to
the conversion of fibrinogen to fibrin (1, 2). Despite its clear rel-
evance in the pathogenesis of thrombotic disorders, no direct re-
liable test is available and indirect measurement of thrombin
(e.g. activation peptides released from the zymogen or enzyme-
inhibitor complexes) is generally performed. Recently, a new
methodology has become available to assess the endogenous
thrombin potential in vivo (3, 4). Thrombin activity can be regis-
tered by continuous measuring of chromogenic or fluorescent
substrate cleavage, resulting in a thrombin generation curve. The
endogenous thrombin potential is obtained upon activation of

coagulation by small amounts of tissue factor (TF) and phos-
pholipids, and it has been associated with risk of venous throm-
boembolism and hypercoagulable states (5, 6).

Atherosclerosis is the most common pathophysiologic sub-
strate of coronary artery disease (CAD), which can manifest
clinically as an acute or chronic disorder. Inflammation plays a
major role in all stages of atherogenesis but, whereas atheroma
plaque progression and arterial remodelling are critical com-
ponents in stable CAD, disrupted plaques provoke thrombosis
underlying acute coronary syndromes, namely unstable angina
and acute myocardial infarction (AMI) (7, 8). The disrupted
plaque represents an stimulus to both thrombosis and
coagulation since thrombin activates platelets and converts
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fibrinogen to fibrin, characteristic of the “white” arterial throm-
bus (9).

The term “cardiovascular vulnerable patient” defines sub-
jects susceptible to an acute coronary syndrome or sudden car-
diac death based on plaque, blood or myocardial vulnerability
(10, 11). Vulnerable blood (prone to thrombosis) plays an impor-
tant role in the outcome of CAD (7). The importance of the co-
agulation system underlying plaque complications has been ex-
perimentally addressed by Karnicki et al. who demonstrated in a
porcine model that blood factors must have a major role in
thrombus propagation (12). Moreover, it has also been estab-
lished that after an episode of unstable angina or AMI, a high
proportion of patients show biochemical signs of coagulation ac-
tivation in their blood (13–16), which may have a great impact in
terms of recurrence and long-term mortality (17).

Therefore, we hypothesized that measurement of endogen-
ous thrombin potential could differentiate stable from unstable
coronary patients. To test this hypothesis, we performed a simple
global coagulation assay, the thrombin generation test, in stable
CAD and in a series of patients long after a prior episode ofAMI.

Patients and methods
Patients
We studied 95 consecutive patients (90% men, mean age 56
years) with CAD and no history of malignant or autoimmune

disease, coagulation disorders, or presence of chronic renal in-
sufficiency (creatinine level ≥124 µM), who were under observa-
tion at the Cardiology Department of the University Hospital
(Pamplona, Spain).

In particular, the recruitment diagnosis was either previous
AMI (n=60) or stable angina (n = 35). Samples were taken be-
tween three and 11 months after the initial diagnosis (mean 6
months). Stable angina pectoris was defined as typical exertional
angina associated with electrocardiographic horizontal or down-
slopping ST-segment depression >1.5 mm during exercise. Pa-
tients with previous AMI were included if they had diagnostic
ST-segment elevations and peak creatinin kinase-MB and tropo-
nin (18).

All patients were treated with aspirin indefinitely, and none
of them was receiving oral anticoagulant treatment. A high pro-
portion were also taking statins and antihypertensive therapy
(>80%) (Table 1).

Exclusion criteria were age ≥70 years, treatment for resteno-
sis, coronary artery bypass grafting, or percutaneous coronary
intervention (PCI) within the previous six months, heart failure
of New York Heart Association class ≥3 or known malignant or
inflammatory disorders.

As controls, a similarly aged group (n = 15, 86% men, mean
age 59 years) with no history of CAD or diabetes mellitus with
normal physical examination and resting electrocardiogram was
enrolled.

Table 1: Baseline char-
acteristics, cardiovascular
risk factors and inflamma-
tory markers in the
studied population.Values
are presented as mean ± SD.

Stable CAD
(n = 35)

Previous AMI
(n = 60)

P

Age (years) 62.6 ± 10.2 50.7 ± 7.2 0.001

DBP (mm Hg) 74.9 ± 14.0 80.1 ± 12.3 Ns

Hypertension (Y/N) 5/30 10/50 Ns

Glucose (mg/dl) 129.4 ± 59.5 115.4 ± 44.8 Ns

Diabetes mellitus (Y/N) 14/21 14/46 Ns

Total-cholesterol (mg/dl) 166.1 ± 44.7 211.3 ± 46.2 0.001

LDL-cholesterol (mg/dl) 92.0 ± 31.4 130.1 ± 43.6 0.001

HDL-cholesterol (mg/dl) 48.5 ± 15.5 41.3 ± 11.9 0.017

Triglycerides (mg/dl)* 105.5(66) 162.5(117) 0.003

Antihypertensive (Y/N) 30/5 52/8 Ns

Statins (Y/N) 31/4 51/9 Ns

Antidiabetic (Y/N) 13/22 14/46 Ns

Fibrinogen (mg/dl) 359.3 ± 88.5 357.6 ± 77.2 Ns

hs-CRP (mg/l)* 4.0 (4.9) 3.9(3.8) Ns

*skewed variables expresed as median (range). BMI=Body mass index=; SBP= Systolic blood pressure; DBP= Diastolic blood pressure=; hs-CRP= high-sensitive
C-reactive protein.

Gender (M/F) 32/3 52/8 Ns

Dyslipidemia (Y/N) 32/3 44/16 0.033

Smoking (Y/N) 7/28 44/16 0.001

Obesity (Y/N) 17/18 14/46 0.011

BMI (Kg/m2) 29.5 ± 2.7 27.6 ± 3.9 0.017

SBP (mm Hg) 131.9 ± 19.8 131.7 ± 19.9 Ns
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Assessment of cardiovascular risk factors
The cardiovascular risk factors, diabetes mellitus, arterial hyper-
tension and smoking habits were obtained in all patients. Patients
were considered to be hypertensives if they had systolic blood
pressure ≥140 mm Hg and/or diastolic pressure ≥90 mm Hg or
were taking antihypertensive drugs. Subjects with a positive his-
tory of diabetes mellitus or with fasting glucose levels ≥126 mg/
dl were considered diabetic. Smoking was defined as “current
smokers” or “non-smokers”. Obesity was defined as body mass
index (BMI) ≥30 kg/m2. Dyslipidemia was diagnosed in the
presence of at least one of the following measurements: total
cholesterol >200 mg/dl, LDL-cholesterol >130 mg/dl, and
HDL-cholesterol <35 mg/dl.

The study was approved by the local ethics committee and all
subjects gave informed consent.

Methods
A fasting morning blood sample was taken from each patient.
The biological parameters analyzed are listed in Table 1. All
samples were stored at 2ºC to 6ºC and centrifuged within 2 hours
at 2,000 rpm for 20 minutes (min). Citrated platelet-poor plasma
(PPP) and serum were obtained and stored at –40ºC, and all
samples were measured within one month of sampling. The
mean time between the initial diagnostic and blood sampling was
six months (range 3–11 months).

Inflammatory markers
Plasma fibrinogen activity was measured by a clotting assay
(CA-1500, Dade Behring, Marburg, Germany). High-sensitive-C
reactive protein (hs-CRP) was assessed by immunoassay (Immu-
lyte, Diagnostic Product Corporation, Los Angeles, CA, USA).

Thrombin generation test
Thrombin generation was determined in PPP according to the
method described by Hemker et al. (3), on a SpectraMax fluor-

ometer. Fluorescence intensity was detected at wavelengths of
390 nm (excitation filter) and 460 nm (emission filter). Briefly,
40 µl of PPP were dispensed into 96-well microtiter plates, with
each well containing 10 µl of reagent (phospholipid micelles and
tissue factor, rhTF 20 pM) and 50 µl of the fluorogenic substrate.
Sample measurement was performed for 60 min at 37ºC, in
1-min reading intervals. Evaluation was done automatically with
the Technothrombin® TGA evaluation software to obtain cali-
brated thrombin concentration curves.

Three major parameters can be assessed in this test: the lag
time (from the time point when CaCl2 and the phospholipid/rhTF
is added until the first burst in thrombin formation), the velocity
index (rate of thrombin formation per min, VI = peak thrombin/
peak time-lag time), and peak thrombin (maximum concen-
tration of thrombin formed). The corresponding values obtained
in a control group of 15 healthy subjects were:
– Lag time (min): 8.3 ± 0.7
– Velocity index (nM/min): 182.5 ± 25.9
– Peak thrombin (nM): 497.4 ± 37.3

Statistical analysis
Continuous variables are expressed as mean ± SD. Differences
between mean values were assessed by ANOVA (for normally
distributed variables) followed by Bonferroni test and by the
non-parametric Kruskal-Wallis test for other variables. Cat-
egorical data were compared with chi2-test. Additionally, the re-
lationship between thrombin generation test parameters and
clinical and analytical data was examined by Pearson correlation
analysis. Analysis of covariance (ANCOVA) was used to com-
pare groups for the adjustment of confounding variables. Analy-
sis were performed using SPSS version 13.0 (SPSS Inc, Chica-
go, IL, USA). A p-value of <0.05 was considered statistically
significant.

Figure 1: A typical throm-
bogram profile as assessed
by the thrombin gener-
ation tests in control sub-
jects, stable CAD patients
and previous AMI.
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Results
Baseline characteristics
Baseline characteristics of the studied patients are shown in
Table 1. Thirty-five patients had been diagnosed stable angina
(mean age 62 years) and 60 AMI (mean age 50.7 years), most of
whom were men. The cardiovascular risk factors dyslipidaemia
(p<0.05), and smoking (p<0.001) were more prevalent in the
AMI group as compared with stable patients without differences
in the percentage of diabetes and hypertension. The levels of
total cholesterol (p<0.001), LDL-cholesterol (p<0.001), and
triglycerides (p<0.01) were significantly higher in AMI patients,
whereas no differences regarding antithrombotic and antiathe-
rosclerotic therapy could be observed between groups.

As shown in Table 1, no significant differences in the levels
of fibrinogen and hs-CRP were observed in stable versus AMI
patients.

Thrombogram results
Figure 1 shows a typical thrombogram curve from controls,
stable CAD and AMI patients as assessed by the thrombin gener-
ation test. Compared with stable CAD and controls, AMI pa-
tients had a higher peak thrombin and velocity index and reduced
lag phase, indicating earlier, faster and increased thrombin gen-

eration in theAMI group compared with stable disease (Table 2).
In order to assess whether the observed differences in the throm-
bogram pattern could be related to either clinical or biological
confounders, further ANCOVA analysis, controlling for age, sex
obesity and dyslipidemia, revealed a statistical significant in-
crease in the thrombin peak (615.5 ± 26.1 vs. 429.5 ± 43.1,
p<0.001), velocity index (296.3 ± 22.8 vs.133.5 ± 35.8,
p<0.001), and reduced lag phase (8.3 ± 0.5 vs.10.2 ± 0.7, p<0.05)
in AMI patients as compared with stable CAD (Table 2), again
indicating earlier, faster and higher thrombin generation in the
AMI group.

Thrombin generation in relation to clinical
characteristics in AMI patients
Next, we tried to correlate the thrombogram results with the clini-
cal and biological characteristics in the stable CAD and AMI
groups (Table 3). A significant association could be demonstrated
in stable CAD patients between either peak thrombin or velocity
index and some traditional cardiovascular risk factors and inflam-
matory markers. The thrombin peak positively correlated with
triglycerides (r = 0.53 p<0.01), fibrinogen (r = 0.58, p<0.05), glu-
cose (r = 0.52, p<0.01) and hs-CRP (r =0.55, p<0.05). In addition,
the velocity index also correlated with triglycerides (r = 0.41,
p<0.05), fibrinogen (r = 0.53, p<0.05), CRP (r = 0.57, p<0.05) and

Table 2: Differences in the thrombin generation values between stable CAD and AMI patients.

Table 3: Correlations among thombin generation values in stable CAD and AMI patients.

Stable CAD Previous AMI P† Stable CAD Previous AMI P#

Lag phase (min) 10.1 ± 4.3 8.5 ± 2.1 0.076 10,2 ± 0.7 8,3 ± 0.5 0.045

Peak thrombin (nM)* 472.5 ± 40.1 613.6 ± 20.6 0.001 429.5 ± 43.1 615.5 ± 26.1 <0.001

Peak time (min) 14.3 ± 5.8 10.8 ± 2.7 0.004 14.6 ± 0.9 10.6 ± 0.6 <0.001

Velocity index (nM/min)* 158.1 ± 21.7 269.2 ± 21.0 0.001 133.5 ± 35.8 296.3 ± 22.8 <0.001

* Logarithmically transformed. † Unadjusted values. #After controlling for age, sex, obesity and dyslipidemia.

Stable CAD Previous AMI

Lag phase Thrombin Velocity index Lag phase Thrombin Velocity index

Age 0.01 0.21 0.30 –0.17 0.25 0.08

BMI –0.10 –0.08 –0.18 0.14 –0.04 0.03

SBP –0.36 0.34 0.39* –0.10 0.03 0.10

DBP –0.18 0.26 0.18 –0.15 –0.01 0.10

Cholesterol –0.10 0.39 0.10 0.10 –0.23 –0.20

HDL-cholesterol 0.13 –0.13 0.01 –0.26 –0.11 0.10

LDL-cholesterol 0.16 –0.29 –0.24 0.10 –0.21 –0.20

Glucose –0.23 0.52** 0.19 –0.14 0.01 –0.03

Triglycerides# –0.38* 0.53** 0.41* 0.20 –0.06 –0.13

Fibrinogen –0.21 0.58* 0.53* 0.07 –0.19 –0.05

hs-CRP# –0.44 0.55* 0.57* –0.03 0.01 0.04

# Logarithmically transformed variables. *p<0.05, **p<0.01. BMI=Body mass index; SBP= Systolic blood pressure; DBP= Diastolic blood pressure; hs-CRP= high-sensitive C-reactive protein.
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systolic blood pressure (r = 0.39, p<0.05). In contrast, none of the
thrombogram values was associated with cardiovascular risk fac-
tors and inflammatory markers in the AMI group (Table 3).
Thrombogram variables were not associated with the time from
the diagnosis to the sample collection (data not shown).

Discussion
We found that plasma obtained from patients long after AMI
showed a significantly earlier, faster and higher thrombin peak
when compared to chronic stable CAD patients. These data sug-
gest that signs of coagulation activation, as assessed by the
thrombin generation test, are still present in patients long after
the acute episode.

The thrombin generation test reflects the overall coagulation
capacity leading to the evaluation of bleeding or thrombotic ten-
dency (19), also providing more information about the initiation
phase of thrombin formation and the overall coagulation system
than routine clotting tests (4). However, no test is exempt from
modifications related to the normal variability of, for instance,
the concentration of coagulation factors or the presence of pro-
coagulant microparticles (MP) (20).

After an episode of acute coronary syndrome, the occurrence
of cardiac complications such as sudden death, reinfarction or
recurrent chest angina, has been attributed to the development of
intracoronary thrombosis (7, 8), which support the idea that co-
agulation/fibrinolysis imbalance plays a role in the compli-
cations of CAD (21, 22). During the acute phase of unstable an-
gina or AMI, elevated plasma concentrations of prothrombin
fragment 1+2 (F1+2) and fibrinopeptide A, markers of factor
Xa-mediated prothrombin activation and thrombin action on fi-
brinogen, respectively, have been related to an early unfavour-
able outcome (16, 23, 24). In addition, Merlini et al. showed a
persistent activation of coagulation in patients hospitalized for
an acute coronary syndrome, which was still detectable several
months after the acute event (24, 25).

Measurement of endogenous thrombin potential detects hy-
percoagulability and can be used to distinguish individuals with
different thrombotic risk (3–5). The assessment of TGA in plas-
ma from AMI patients indicated an enhanced procoagulant re-
sponse as compared to stable patients, which could be due to an
increase in soluble TF levels (26, 27) or the presence of circu-
lating MP supporting coagulation activation (28–30).

Both CAD groups showed no differences in statin therapy al-
though lipid levels were significantly higher in AMI patients.
Since a prothrombotic effect of dyslipidemia has been reported
in CAD (31), this might contribute to the increased coagulation
activation inAMI subjects as compared to the stable CAD group,
whereas in the latter the observed association among thrombin
generation, triglycerides, fibrinogen and other inflammatory
markers could point to a more proatherogenic profile.

Thrombogram values were not linearly associated with car-
diovascular risk factors in the AMI group, which makes endo-
genous thrombin potential particularly useful in clinical prac-
tice, taking into account that up to 20% of all coronary events
occur in the absence of these major risk factors (32). There is a
possibility that antiplatelet agents could have an impact on
thrombin generation; however, since both groups received as-
pirin at the time of enrolment, the effect must be similar.

The observed differences in the thrombin generation test be-
tween stable and AMI patients are not surprising. Despite com-
mon pathophysiological mechanisms (7), there is clinical evi-
dence that atherothombosis might be a different disease to
atherosclerosis. This is supported by data from the Clopidogrel
for High Atherothrombotic Risk and Ischemic Stabilisation,
Management and Avoidance (CHARISMA), indicating that
there was no benefit among the groups of patients who had risk
factors but no prior events, whereas a 12% reduction in events
was observed in the groups of prior coronary, cerebrovascular or
peripheral arterial disease (33). In addition, clopidogrel or
GPIIb/IIIa antagonists did not suppress coagulation activation in
patients with acute CAD (34–36). The fact that conventional
anticoagulants failed to suppress thrombin generation in patients
with established CAD in some studies (37, 38) also suggests a
degree of overactivity of the blood coagulation system in these
patients.

The study has some limitations. The TGA does not measure
the cell components of coagulation, thus providing a partial view
of the haemostatic system, nor does it take into account the role
of inflammatory cells. The small sample size represents another
limitation, although it allowed us to detect significant differ-
ences in the studied parameters. Since no sequential measure-
ments were performed, we could not assess additional changes in
the thrombin peak long after the acute episode. Finally, these re-
sults cannot be applied to other acute CAD conditions (e.g. un-
stable angina).

In summary, increased thrombin generation, as assessed by
the thrombin generation test, is present long after acute coronary
syndromes when compared to stable patients. This suggests that
despite common pathophysiological substrates, AMI patients
generate higher, earlier and faster thrombin, reflecting hyper-
coagulable/vulnerable blood. The persistence of peak thrombin
over time in AMI, despite of antiplatelet and antiatherosclerotic
therapy, should serve as the basis for validation of more potent
antithrombotic/anticoagulant agents to prevent thrombin acti-
vation and generation among patients who are being treated
medically for acute coronary syndromes.
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