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Abstract

Introduction—Treatment with clopidogrel, a selective platelet P,Y 1o receptor antagonist,
reduces risk of recurrent ischemic events in patients with acute coronary syndrome (ACS), by
limiting platelet aggregation and activation. Stable whole blood clot formation requires activation
of platelets, generation of fibrin and final fibrin crosslinks. In this study we intended to compare
plasma and whole blood thrombelastography (TEG) measurements in patients during ACS.

Materials and Methods—Whole blood and plasma samples from 32 patients with nonST
segment elevation myocardial infarction (NSTEMI) were collected after administration of
clopidogrel. Whole blood and plasma fibrin clot strength (MA) were determined by TEG. Platelet
aggregation was determined by light transmittance aggregometry (LTA) using adenosine 5’-
diphosphate (ADP), thrombin receptor activation peptide (TRAP), or collagen as agonists.
Fibrinogen and C-reactive protein (CRP) concentrations were measured by ELISA.

Results—Heightened plasma fibrin clot strength was associated with increased platelet reactivity
stimulated by ADP (p=0.536; p=0.002), TRAP (p=0.481; p=0.007), and collagen (p=0.538;
p=0.01). In contrast to plasma fibrin MA, whole blood MA did not correlate with platelet
aggregation. Platelet count was the primary contributor to the difference in thrombin induced
whole blood MA and plasma fibrin MA. Increasing levels of CRP were associated with increased
plasma fibrin clot strength and platelet reactivity.

Conclusions—Our data suggest that inflammation is associated with increased plasma fibrin
clot strength and lower platelet inhibition by clopidogrel during ACS. Platelet count is main
contributor to additional contractile force of whole blood TEG as compared to plasma TEG during
treatment with clopidogrel.
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Introduction

Clopidogrel is a P,Y 1o receptor antagonist and used to prevent recurrent cardiovascular
events in patients with acute coronary syndromes (ACS) (1,2). Clopidogrel is
biotransformed into its active thiol metabolite and prevents platelet aggregation by
interrupting ADP binding to P,Y 12 receptor (3,4). Reduced clopidogrel platelet inhibition
and high residual platelet reactivity has been associated with increased risk for recurrent
thrombotic events in patients treated with coronary stenting after ACS (5).

In addition to fibrin polymerization, whole blood clot formation is accompanied by
activation of platelets, resulting in platelet-fibrin aggregation and further stabilization of
platelet-fibrin network by fibrin crosslinks. Intact platelet function is important in
maintenance of hemostasis as indicated by bleeding due to inappropriate platelet function
(6). On the opposite, unopposed platelet activity increases risk of thrombosis in subjects
with coronary atherosclerosis (7). Several agonists can activate platelets, e.g., ADP,
thrombin and collagen, representing different pathways of platelet activation. Activated
platelets release inflammatory molecules, such as thromboxane, and procoagulant
molecules, such as factor V and factor XI1I (8). Thus administration of antiplatelet reagents
not only inhibits platelet activation, but may also reduce plasma hypercoagulability. So far,
there is no direct evidence that platelet reactivity is related to plasma coagulation in a
platelet independent fashion. However, inhibition of platelet activation by clopidogrel may
affect plasma fibrin clot strength in addition to platelet inhibition. We have previously
demonstrated that inflammation measured by C-reactive protein in patients with stable
coronary artery disease is associated with heightened plasma fibrin clot strength (9). We
hypothesized that in patients with acute coronary syndromes high fibrin clot strength was
predominant contributor to thrombin induced whole blood clot strength, a measure
previously shown to be associated with increased rate of adverse ischemic events. In our
study, clot strengths from plasma and whole blood were measured by TEG separately and
then correlated with platelet aggregation induced by different agonists.

Materials and Methods

Patients

The study protocol was approved by the Indiana University Institutional Review Board for
Research. Informed consent was obtained from all the individuals. Subjects with non-ST
elevation myocardial infarction (NSTEMI) according to the universal definition of
myocardial infarction (10) and current treatment with clopidogrel (either maintenance dose
clopidogrel 75mg daily for at least 5 days or administration of 600mg clopidogrel loading
dose at least 4 hours prior to first blood draw) were included. All patients were treated with
aspirin 325mg daily. Exclusion criteria included age > 75 years of age, body weight < 60kg,
and platelet counts less than 100,000/mm3.
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Blood Samples

Venous blood samples were collected at least 4 hours after 600mg loading dose of
clopidogrel or after at least 5 days of clopidogrel 75 mg daily maintenance dosing. Blood
samples were collected in vacutainer tubes containing 3.2% sodium citrate. Platelet rich
plasma (PRP) was obtained by centrifugation at 120xg for 5 min. Platelet-poor plasma
(PPP) was obtained by centrifugation at 2000x g for 15 min and stored in -80°C until
analysis.

Thromboelastography

Thromboelastography was performed by using citrated whole blood or stored citrate plasma
according to the manufacture's instruction (Haemoscope, USA). Whole blood or plasma (1
mL) was mixed with kaolin, inverted five times and loaded in a TEG cup containing 20 pl of
CaCl,. Thromboelastography was started instantly to record for one hour with maximum
clot strength well reached. Time to fibrin formation (R), angle constant (a.), clot formation
time (K), maximum amplitude (MA) were recorded. Maximum clot strength (G) was
calculated by following formula: G = (5000*MA)/(100-MA) [dyn/cm?].

Platelet aggregation studies

Ex vivo platelet function was assessed by light transmittance aggregometry (LTA) at 37°C
with an Optical Lumi-Aggregometer (Model 700 with AggroLink 8 software, Chrono-Log
Corporation, Havertown, PA, USA). Platelet rich plasma (PRP) and platelet poor plasma
(PPP) were obtained by differential centrifugation of citrate blood as previously described
(11). Platelet aggregation in PRP was induced with ADP at 5, 10 and 20 pM, with TRAP at
15 and 25 pM, and with collagen at 1 pg/mL, respectively.

Fibrinogen and C-reactive protein

Both plasma fibrinogen and C-reactive protein were measured by commercially available
ELISA as previously described (9).

Statistical Analysis

Results

Statistical significance was defined as p < 0.05. Tests were conducted 2-sided and values are
represented as mean + SD. Categorical variables were compared using the XZ test. Normal
distribution of continuous data was assessed by the Kolmogorov—Smirnov test. Unpaired
two-sided Student's t-test was used to compare normally distributed continuous data
between two groups and for multiple groups with the one-way analysis of variance test.
Spearman's p was used to calculate correlation between clot strengths and other continuous
variables.

Baseline characteristics of patients are listed in Table 1. A total of 32 patients of NSTEMI,
with 15 male patients (46.9%) and 17 females (53.1%) were included in this study. The
study population was of mixed racial background with 59.4% white and 31.3% black
individuals, respectively. The mean age was 54.4 years and the majority was obese.
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Preexisting conditions such as diabetes mellitus (59.4%) and hypertension (87.5%) were
prevalent.

Clot strength was measured from samples of plasma and whole blood. In parallel, platelet
aggregation in PRP induced by ADP, TRAP and collagen, respectively were also measured
by LTA. Table 2 summarizes averages and ranges of platelet aggregation, TEG parameters,
and other clinical measurements, including platelet counts, fibrinogen and CRP
concentrations. Table 3 demonstrates correlation analysis of TEG clot strength parameters
with platelet aggregation, platelet count, fibrinogen and CRP concentrations. Plasma clot
strength, represented by both MA and G values was found moderately correlated with
maximal platelet aggregation induced by ADP, TRAP, and collagen. In contrast, whole
blood clot strength (both MA and G values) only correlated with TRAP (15 uM) induced
platelet aggregation. The difference of clot strength (MAgiss and Ggiss) is obtained by
subtraction of plasma MA or G from whole blood MA or G. MAy;is and Ggifs thus describes
the additional contractile force produced by the partially inhibited platelets in whole blood
clot samples that is in excess to fibrin clot formation alone. MAis was inversely correlated
with ADP and collagen stimulated platelet aggregation, with lower MAg;s observed in
subjects with highest residual on treatment platelet aggregation. However, platelet count
directly correlated with MA/G;¢ with highest MA/Gyiss values observed in individuals with
highest platelet counts.

Our data indicate that CRP concentration is reasonably well correlated with plasma clot
strength, but not with whole blood clot strength. Platelet count and fibrinogen concentration
had no correlation to platelet aggregation or clot strength from plasma and whole blood
(Tables 3 and 4). In addition, plasma CRP concentration moderately correlated with on
treatment ADP- or collagen induced platelet aggregation (Table 4). Figure 1 illustrates the
relationship of plasma and whole blood clot strength MA and ADP (5 uM)-induced platelet
aggregation. Plasma MA had a positive correlation (p=0.532, p=0.002, panel A in Figure 1)
with ADP-induced platelet aggregation, signifying lower clopidogrel platelet inhibition in
patients with high plasma MA. Whole blood MA had no correlation with ADP-induced
platelet aggregation (p=0.03, p=0.986, panel B in Figure 1). Noticeably, the range of plasma
MA is lower (10 to 60) than that of whole blood MA (50 to 80) because of absence of
platelets in plasma. Similarly, plasma MA, but not whole blood MA shows reasonable
correlation with CRP concentration (Figure 2).

The relationship between platelet aggregation and CRP concentration was agonist-specific
(Figure 3). ADP- and collagen-induced platelet aggregation positively correlated with CRP
concentration (Figure 3, panel A and B). In contrast, TRAP-induced platelet aggregation
showed no correlation with CRP concentration (Figure 3, panel C). Smokers had marginally
higher plasma clot strength as compared to nonsmokers (MA: 37.1+9 vs. 32.0+7; p=0.09),
but not whole blood clot strength (MA: 65.5+7 vs. 67+4; p=0.4). There was no significant
difference in the strength of correlation between plasma clot strength and platelet
aggregation induced by 5 uM ADP when analyzed separately in smokers and non-smokers
(p=0.75; p=0.001 and p =0.72; p=0.001).
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Discussion

Inflammation is a central process in atherosclerosis development (12). CRP, a systemic
marker of inflammation, is considered a risk factor for the occurrence of cardiovascular
events (13). CRP level has been reported to link both higher platelet reactivity and fibrin clot
strength (13,14). Thus, the systemic effects of inflammation may extend beyond the more
direct effects on atherosclerotic plaque generation and cellular processes of inflammation.
Our current study suggests that elevated CRP may correlate both with increased plasma
fibrin clot strength and higher platelet reactivity in patients with NSTEMI treated with dual
antiplatelet therapy.

Clopidogrel resistance is reflected by higher on-treatment platelet aggregation and has been
associated with increased risk for recurrent thrombotic events, and in particular coronary
stent thrombosis. Several studies have previously documented that whole blood clot strength
measured by TEG is not sensitive to platelet activity and a specific platelet mapping assay
has been developed for TEG platform to specifically measure residual P,Y 1, mediated
platelet effects by preventing thrombin formation in whole blood (15,16). Increased
thrombin mediated whole blood MA has been previously shown to be associated with
increased incidence of ischemic cardiovascular events, and we thus intended to examine the
relationship of this variable with plasma fibrin MA and platelet aggregation (17-21). We
could not demonstrate a significant correlation between on treatment platelet aggregation
and whole blood clot strength, suggesting that the adverse prognostic risk associated with
elevated thrombin whole blood MA in prior studies may not be primarily due to variability
in PoY 15 inhibition. Instead, we observed that plasma clot strength correlated with platelet
reactivity, and in particular ADP induced platelet aggregation. In our study, fibrinogen
concentration was not the primary determinant of plasma or whole blood clot strength, and
thus other mechanisms must be involved, leading to variations in plasma clot strength
among patients with NSTEMI. Factor XlI1, a protease at the end of coagulation cascade,
crosslinks fibrin by its transglutaminase activity and variations in its concentration
significantly alter maximum plasma clot strength (MA,G) as well as clot formation time (K)
(22,23). Factor XII1 exists as two forms, plasma circulated and platelet bound. Platelet
bound factor X111 was suggested to be a marker of platelet activation in peripheral vascular
disease (24,25). Thus, it is plausible that more platelet associated factor X111 may be
released into plasma in individuals with higher platelet reactivity during ACS. This may in
part explain the correlation of plasma clot strength and platelet reactivity. However, the
activity-response relationship of FXIII activity and elastic modulus far beyond 100% normal
FXII1 activity is not known.

Alternatively, carbon monoxide mediated changes in coagulation induced by smoking could
contribute to our findings (26-30). It has been demonstrated that tobacco smoking enhances
plasma clot strength measured by TEG (31). In a population-based cohort study,
cardiovascular events were associated with elevated levels of carbon monoxide in never
smoke subjects, suggesting that carbon monoxide level could be a specific risk factor for
cardiovascular disease (32). Also, elevated levels of carboxyhemoglobin was associated
with increased cardiovascular events and increased infarct size in patients admitted with
acute myocardial infarction (33). In our study, we observed that smokers had marginally
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higher clot strength in plasma but not whole blood as compared to non-smokers, which is
consistent with findings previously described by Nielsen et al. (31). We observed that in
both smoker and nonsmoker groups, plasma clot strength correlated with maximum platelet
aggregation induced by ADP. Thus, our data suggest that reduced P,Y 15 platelet inhibition
by clopidogrel is associated with increased plasma clot strength regardless of smoking
status.

As previously shown in subjects with stable coronary artery disease undergoing PCI, CRP
levels also correlated with plasma fibrin clot strength in patients with NSTEMI in our study

9).

In summary, our data suggest that inflammation during or preceding a NSTEMI as measured
by elevated CRP may be associated with relative hypercoagulability of plasma and increased
platelet reactivity. Further studies are necessary to confirm these findings and risk associated
with increased plasma fibrin clot strength in patients with acute coronary syndromes.
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Scatter plot of plasma MA (panel A) and whole blood MA (panel B) versus CRP
concentration.
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Scatter plot of platelet aggregation induced by ADP (5 uM) (panel A), TRAP (15 uM)

(panel B), and collagen (1 pg/ml) (panel C) and CRP concentrations.
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Table 1

Patient Characteristics

Patients (N=32)

Gender (Male %)

15 (46.9)

Race,White/Black/Other, (%)

19/10/3; (59.4%/31.3%/9.4%)

Age (mean+SD), years 54.4+10.5
Body Mass Index (mean+SD), kg/m? 31.7+6.7
Diabetes mellitus (%) 19 (59.4)
Hypertension (%) 28 (87.5)
Prior Coronary Artery Bypass Grafting (%) 3(9.9)
Previous PCI (%) 12 (37.5)
Congestive Heart Failure (%) 6 (18.8)
Smoking (%) 15 (46.9)
Proton Pump Inhibitor Use (%) 7(21.9)
Hyperlipidemia (%) 28 (87.5)
Family History of Heart Disease (%) 17 (53.1)
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Table 2
Platelet aggregation, TEG measurements and laboratory parameters
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Mean +* standard deviation

Range (Minimum-maximum)

MPA%, ADP 5 yM 42.5+18.5 5-78
MPA%, ADP 10 yM 52.9+16.8 19-83
MPA%, ADP 20 uM 60.8+19.3 15-96
MPA%, TRAP 15 uM 81.6+7.6 68-94
MPA%, TRAP 25 yM 81.3+11.6 42-105
MPA%, collagen pg/ml 15.7+£17.4 0-60
Plasma TEG-R (min) 7.2%3 2.9-15
Plasma TEG-K (min) 1.7+¢1.3 0.8-7.3
Plasma TEG-MA (mm) 34.4+8.6 15.9-58.3
Plasma TEG-G (dyn/cm?) 2766.2+1154.7 945-6990
Whole blood TEG-R (mm) 5.7+1.8 2.3-95
Whole blood TEG-K (min) 348 0.9-50.5
Whole blood TEG-MA (mm) 66.2+5.2 49.1-76.7
Whole blood TEG-G (dyn/cm?) 10153.2+2188.7 4823-16459
Platelet count (x10~3/ul) 23066 120-415
Fibrinogen (mg/ml) 12.5+5.3 3.9-31.7
CRP (mg/l) 63.2+69 1.4-380

MPA: maximal platelet aggregation
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Table 4

Correlation analysis of CRP, fibrinogen, platelet count and platelet aggregation.

MPA% ADP 5 uM | MPA% TRAP 15 uM | MPA% collagen pg/ml
CRP 0.428* 0.172 0.478**
p=0.014 p=0.364 p=0.006
Fibrinogen -0.192 0.101 0.049
p=0.293 p=0.597 p=0.790
Platelet Count -0.299 0.032 -0.167
p=0.103 p=0.870 p=0.569

MPA: Maximal platelet aggregation
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