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Background Carotid atherosclerosis is an important cause of stroke. Intra-plaque
haemorrhage (IPH) on magnetic resonance imaging (MRI) increases stroke risk.
Development of IPH is only partly understood. Thrombin is an essential enzyme in
haemostasis. Experimental animal studies have shown conﬂicting results on the
relation between thrombin and plaque vulnerability. We hypothesize that decreased
thrombin generation (TG) is associated with IPH and plaque vulnerability.
Objective This article investigates whether TG is associated with IPH and other
features of plaque vulnerability in stroke patients.
Methods Recently symptomatic stroke patients underwent carotid MRI and blood
sampling. MRI plaque features include plaque burden, presence of IPH, amount of lipidrich necrotic core (LRNC), calciﬁed tissue and ﬁbrous tissue (% of total wall volume). TG was
assessed in platelet-poor plasma and expressed as: peak height (PH) and endogenous
thrombin potential (ETP). MR images could be analysed in 224 patients. Blood samples
were available in 161 of 224 patients. Binary multivariate logistic and linear regression were
used to investigate the association between TG and MRI plaque features.
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Results IPH and LRNC were present in 65 (40%) and 102 (63%) of plaques. There were no
signiﬁcant associations between TG and IPH; PH odds ratio (OR) ¼ 1, 95% conﬁdence
interval (CI): 0.76 to 1.45 and ETP OR ¼ 1, 95% CI: 0.73 to 1.37. After correction for age, sex
and hypercholesterolaemia, the association was weak but non-signiﬁcant; PH: OR ¼ 0.76,
95% CI: 0.52 to 1.10 and ETP: OR ¼ 0.73, 95% CI: 0.53 to 1.37.
Conclusion Features of carotid plaque on MRI show no signiﬁcant association with TG
in stroke patients. Systemic TG does not seem to be an important factor in IPH
development.

Introduction
Atherosclerosis of the carotid artery is an important cause of
ischaemic stroke.1 The degree of luminal narrowing and the
presence of symptoms are currently leading in the treatment
decisions in patients with carotid artery disease.2 Numerous
histopathological studies have shown that rupture of a vulnerable atherosclerotic plaque is the main underlying cause of
stroke in patients with carotid artery disease.3 Magnetic
resonance imaging (MRI) allows non-invasive semi-quantitative visualization of the hallmarks of plaque vulnerability
including intra-plaque haemorrhage (IPH), lipid-rich necrotic
core (LRNC) and a thin or ruptured ﬁbrous cap (FC).4–8
An important feature of plaque vulnerability is IPH.8–10
Meta-analyses have demonstrated that IPH in carotid atherosclerotic plaques on MRI is a strong predictor for ischaemic
stroke.11–14 Plaques with IPH also show accelerated plaque
progression.10
The development of IPH is only partly understood. Several
factors, or a combination of these factors, could contribute to
the development of IPH. First, neo-vessels growing from vasa
vasorum in the adventitia into the plaque are known to be
immature and are highly susceptible to leakage of erythrocytes
into the plaque, which may result in IPH.15 Second, on the
luminal side, plaque rupture and subsequent healing may play
a role in the development of IPH.16–18 At the site of plaque
disruption or ulceration, the coagulation system will be activated and a luminal thrombus will be formed. During healing,
the erythrocyte-rich thrombus can be incorporated into the
vessel wall.18,19 Additionally, ﬁssures in the FC may contribute
to IPH.17,20 Fissures, deﬁned as minor luminal surface disruptions that otherwise do not alter the overall luminal shape, are
very common in advanced carotid plaques and are frequently
connected to IPH.21 Last, impaired coagulation could play a
role in the development of IPH, since IPH is associated with
anti-platelet therapy and vitamin K antagonists (VKAs).22,23
Thrombin is a central protease in the coagulation cascade.
Its most important function is the conversion of ﬁbrinogen
into ﬁbrin, a key step in clot formation.24 Other pleiotropic
actions of thrombin are inducing pro-inﬂammatory mediators as well as oxidative stress and mediating the migration
and proliferation of vascular smooth muscle cells (VSMCs).25
Thrombin generation is dependent on almost all coagulation
factors and can be associated with a bleeding tendency, that
is, less production of thrombin, as well as hypercoagulability,
that is, increased thrombin generation.26
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Recent animal studies have shown conﬂicting results on the
relation between thrombin generation and atherosclerotic
plaque vulnerability. Direct thrombin inhibition showed an
inhibitory effect on atherosclerosis, most likely via lowering
vascular oxidative stress and reducing macrophage inﬁltration.27–29 In line, apolipoprotein E-deﬁcient mice treated with a
thrombin inhibitor showed a thicker FC and decreased plaque
lipid content.30 A recent study showed that hypercoagulability
promotes more severe atherosclerosis, including large necrotic
cores, signs of IPH, thin FCs and increased thrombin generation.
After administration of a thrombin inhibitor, this mouse model
showed less extensive atherosclerosis of a more stable plaque
phenotype.31 In sharp contrast, another study suggested that
thrombin has a stabilizing effect on atherosclerotic plaques via
decreased monocyte transmigration. The plaques from the
mice models carrying a pro-thrombotic mutation, showed
larger plaques but with a more stable phenotype (less necrotic
cores, more smooth muscle cells and fewer macrophages).32
While experimental studies provide support for the idea
that increased thrombin production in blood alters the plaque
phenotype, while genetic or pharmacological inhibition of
coagulation attenuates atherogenesis, human data are scarce.
Human data on the relation between thrombin generation and
stroke show conﬂicting results. Carcaillon et al33 described a
positive association between high levels of thrombin generation and an increased risk of acute ischaemic stroke, while
Loeffen et al34 showed that decreased thrombin generation is
an independent predictor for stroke. The abundant presence of
coagulation proteins in the human atherosclerotic vessel wall35
suggests that local variation in thrombin formation may have
an impact on diverse cellular processes within the plaque. In
conjunction, these ﬁndings led us to hypothesize that increased
thrombin generation would affect the human plaque phenotype, towards reduced plaque vulnerability. Therefore, the
present explorative, cross-sectional study aims to investigate
whether there is an association between the morphological
plaque features (i.e. presence of IPH and plaque burden, percentages of LRNC, calciﬁed tissue and ﬁbrous tissue) as assessed
by carotid MRI and thrombin generation parameters.

Materials and Methods
Study Population
Baseline data from stroke patients included in the Plaque at Risk
(PARISK) study were used (clinical trials.gov NCT01208025).36
Patients were enrolled in the PARISK study from September 2010
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MR Imaging Data Acquisition and Analysis
Patients underwent an MRI examination on a 3T system
(Achieva; Philips Healthcare, Best, the Netherlands; or Discovery MR 750; GE Healthcare, Milwaukee, Wisconsin, United
States) using a dedicated phased-array carotid radiofrequency
coil (Shanghai Chenguang Medical Technologies Co, Shanghai,
China; or Machnet B.V., Roden, The Netherlands). A multisequence MRI protocol, as described previously,36 was used
to obtain 15 transverse adjoining slices of 2 mm each covering
the entire plaque. Dedicated vessel wall imaging analysis software (VesselMass, Department of Radiology, Leiden University
Medical Centre, The Netherlands) was used to delineate plaque
components. The presence of IPH was scored on T1-weighted
(T1W) inversion recovery transient ﬁeld echo or spoiled gradient echo MR images within the symptomatic carotid plaque
by trained observers (►Fig. 1). IPH was considered present in
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case of a hyper-intense signal in the bulk of the plaque,
compared with the sternocleidomastoid muscle. A LRNC was
identiﬁed as a region within the bulk of the plaque that did not
show contrast enhancement on the post-contrast T1W double
or quadruple inversion recovery images. Calciﬁcations were
deﬁned as areas with hypo-intensesignal relative to the signal of
the adjacent sternocleidomastoid muscle in at least two different MRI weightings. The ﬁbrous content of the atherosclerotic
plaques was calculated as the difference between the total wall
volume and the volume of the LRNC and calciﬁcations together.

Thrombin Generation
Citrated platelet-poor plasma (PPP) samples were derived
from the blood samples taken at baseline. The thrombin
generation test analyses the amount of thrombin being
formed in time in a certain amount of plasma after coagulation activation. Venous blood was collected in 3.2% citrate
(Greiner Bio-One) and PPP was prepared by two centrifugation steps: the ﬁrst at 2,500  g for 5 minutes and the second
at 15,280  g for 10 minutes. Plasma aliquots were snapfrozen in liquid nitrogen, stored at –80°C until use. All
samples were thawed at 37°C for 15 minutes before analysis
and analysed batch wise. The assay was performed using the
validated calibrated automated thrombogram (CAT, Thrombinoscope BV, Maastricht, The Netherlands). Tissue factor
(TF) (1 PM TF  thrombomodulin [TM]) and phospholipids
are added to 80 μL PPP. As described previously, the concentration of in-house recombinant expressed and puriﬁed
soluble TM was chosen such as to inhibit thrombin generation in normal pooled plasma by 50%.38 Parallel, 20 μL
calibrator is added to another sample of the same 80 μL

Fig. 1 Transversal magnetic resonance (MR) images of a carotid plaque in the right carotid artery. The following MR sequences were acquired (A)
pre-contrast T1-weighted (T1W) quadruple inversion recovery (QIR) turbo spin echo (TSE), (B) post-contrast T1W QIR TSE, (C) time of ﬂight
(TOF), (D) T2W TSE and (E) T1W inversion recovery (IR) turbo ﬁeld echo (TFE). A lipid-rich necrotic core was identiﬁed as a region within the bulk
of the plaque that does not show contrast enhancement ( on B) on the post-contrast T1W QIR images. On the T1 IR-TFE image, a hyper-intense
signal in the bulk of the plaque can be clearly observed, indicating the presence of intra-plaque haemorrhage (  on panel E).
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until November 2014. Consecutive patients who had recent
(< 3 months) neurological symptoms due to ischaemia, and an
ipsilateral carotid atherosclerotic plaque with a stenosis of
< 70% according to the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) criteria were eligible for inclusion. The lower cut-off value is an atherosclerotic plaque with a
thickness of at least 2 to 3 mm, which corresponds to an
European Carotid Surgery Trial (ECST) stenosis of 30%.37 Exclusion criteria were clotting disorders, a probable cardiac source of
embolism, standard contraindications for MRI, severe comorbidity or a carotid revascularization procedure. If the renal
clearance was below < 30 mL/min, no contrast medium was
injected. Institutional medical committee approval was
obtained and all patients provided written informed consent.
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PPP. Addition of a ﬂuorescent substrate (ZGGR-AMC) and
calcium ions is used to set off the thrombin generation. The
conversion of the ﬂuorescent substrate into a ﬂuorophore
product is continuously registered using a Fluoroskan Ascent
reader (Thermo Labsystems OY, Helsinki, Finland) equipped
with a 390/460 ﬁlter set. Thrombin generation curves were
calculated using the Thrombinoscope software (Thrombinoscope BV). From the thrombogram or thrombin generation
curve, the area under the curve and the peak height were
derived. The ﬁrst parameter (area under the curve) reﬂects
the potential of active thrombin, also called the endogenous
thrombin potential (ETP). The second parameter (peak
height) represents the maximum thrombin generation
(►Fig. 2).

Statistical Analysis
All calculations were made with SPSS version 23 (IBM
Corporation, Armonk, New York, United States). A p-value
of < 0.05 was considered statistically signiﬁcant. A chisquare test was used to compare categorical variables
between groups with and without IPH. A t-test for independent samples was used to compare continuous variables
between these groups. The distribution of continuous MRI
parameters was tested for normality before and after logarithmic transformation. Linear regression analysis was used
if the dependent (log transformed) continuous MRI parameters had a normal distribution. If logarithmic transformation did not result in a normal distribution, binary logistic
regression was performed using the median value of MRI

Fig. 2 Example of a thrombin generation curve in citrated plateletpoor plasma generated using the calibrated automated thrombogram
(CAT) method. The two derived parameters are the maximum
thrombin generation (peak height) and the endogenous thrombin
potential (ETP) (area under the curve). The data shown are from a
subject with intra-plaque haemorrhage (black line), a subject without
intra-plaque haemorrhage (interrupted line) as well as the normal
plasma (grey line).
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parameters as a cut-off value for dichotomization of the
relevant MRI parameters.
The association between thrombin generation parameters and dependent MRI parameters is expressed as the
regression coefﬁcient per standard deviation increase in
thrombin generation parameter (in case of linear regression)
or the odds ratio (exponentiated regression coefﬁcient) per
standard deviation increase in thrombin generation parameter (in case of logistic regression). Both 95% conﬁdence
intervals and p-values were calculated. The use of one
standard deviation as unit facilitates more meaningful interpretation and comparison of the associations with peak
thrombin and ETP, which are continuous variables with
different scales.
Multivariate logistic regression models were performed
to adjust for between-group differences in relevant clinical
variables (age, sex and hypercholesterolaemia) which were
signiﬁcantly associated with IPH risk in univariate analyses
(p < 0.05).

Results
Carotid MRI data were available in 229 out of the 244
included patients (exclusion due to: withdrawn informed
consent [n ¼ 6], no MRI carotids due to claustrophobia
[n ¼ 6], obesity [n ¼ 2] or unknown reason [n ¼ 1]).
Another 5 patients were excluded from the analysis due to
poor quality of the MRI of the carotid artery (n ¼ 4) or due to
an incomplete MRI protocol (n ¼ 1). A plasma sample was
available for thrombin generation analysis in 164 out of the
remaining 224 patients. Another 3 patients were excluded
from the analysis because of anti-coagulant use prior to the
event (acenocoumarol, n ¼ 3). Thus, ﬁnal analysis was performed in 161 patients.
The distribution of clinical characteristics, thrombin generation levels and imaging characteristics for the total study
population and for patients with and without IPH are shown
in ►Table 1. IPH was detected in the ipsilateral carotid plaque in
65 out of 161 patients (40.4%). A LRNC was detected in 102 of 161
(63.4%) patients. Patients with IPH were relatively older, more
often male and had more frequently hypercholesterolaemia.
►Table 1 shows that there were no signiﬁcant differences
in peak thrombin and ETP values between subjects with and
without IPH (p ¼ 0.868 and p ¼ 0.938, respectively). However, signiﬁcant differences in age, sex and hypercholesterolaemia between patients with and without IPH necessitated
multivariate regression analyses.
►Table 2 shows the results from uni- and multivariate
logistic regression analyses. The odds ratios represent the
association with different MRI parameters for one standard
deviation increase in the thrombin generation parameters.
Peak thrombin and ETP differ in range and the use of one
standard deviation as unit was done to facilitate more meaningful interpretation and comparison of the odds ratios for
peak thrombin and ETP. Crude odds ratios for IPH (not
adjusted for sex, age and hypercholesterolaemia) are 1,
suggesting absence of an association between thrombin
generation parameters and risk of IPH.
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Table 1 Clinical characteristics
Clinical characteristics (n ¼ 161)

Total (n ¼ 161)

IPH (n ¼ 65)

No IPH (n ¼ 96)

p-Value

Age (y), mean  SD

68.9 (  8.7)

70.6 (  9.07)

67.7 (  9.07)

0.032

Male

117 (73%)

58 (89%)

59 (62%)

< 0.001

Current smoking

33 (21%)

9 (14%)

24 (25%)

0.113

BMI, mean  SD

26 (  4)

27 (4)

27 (4)

0.727

Hypertension

103 (64%)

46 (71%)

57 (59%)

0.124

Hypercholesterolaemia

91 (57%)

43 (66%)

48 (50%)

0.040

Diabetes mellitus

35 (22%)

15 (23%)

20 (21%)

0.722

History of CVD and PAD

30 (19%)

39 (60%)

51 (53%)

0.668

68 (42%)

21 (32%)

47 (49%)

0.108

Classiﬁcation of event
TIA
Stroke

71 (44%)

34 (52%)

37 (39%)

Amaurosis fugax

22 (14%)

10 (15%)

12 (13%)

Anti-platelets

68 (42.2%)

33 (51%)

35 (37%)

0.080

Anti-coagulants









Statins

76 (47%)

31 (48%)

45 (47%)

0.467

Anti-hypertensives

96 (60%)

43 (66%)

53 (55%)

0.165

Interval event-blood withdrawal (d)

48 (  22)

50 (  23)

46 (  21)

0.326

Peak thrombin (nM), range (69.81–508.42)

223.45 (  93.46)

224.95 (  89.90)

222.44 (  96.25)

0.868

ETP (nM/min), range (606.10–2208.99)

1344.93 (  314.50)

1342.56 (  308.19)

1346.53 (  320.30)

0.938

49 (  21)

50 (  22)

47 (  21)

0.332

Blood measurements (n ¼ 161), mean  SD

MRI
Interval event–MRI (d), mean  SD
Normalized wall index (NWI), mean  SD

0.2398 (  0.23)

0.33 (  0.21)

0.18 (  0.23)

0.424

% Lipid-rich necrotic core tissue,
median (range)

2.3 (0–43.9)

13.31 (0–43.9)

0.00 (0–18.0)

< 0.001

% Calciﬁed tissue, median (range)

3.7 (0–22.4)

3.4 (0–22.4)

3.7 (0–21.7)

0.847

% Fibrous tissue, median (range)

91.6 (50.3–100)

80.8 (50.3–98.4)

94.7 (74.88–100)

< 0.001

Thin/ruptured ﬁbrous capa

63 (39%)

49 (75%)

14 (15%)

< 0.001

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; ETP, endogenous thrombin potential; IPH, intra-plaque haemorrhage;
MRI, magnetic resonance imaging; PAD, peripheral artery disease; SD, standard deviation; TIA, transient ischaemic attack.
Note: Clinical characteristics, data are presented as mean  standard deviation or absolute numbers of patients (%).
a
Data available for 157 out of 161 patients (4 patients had no post-contrast sequence available to analyse the ﬁbrous cap status).

►Table 2 also shows odds ratios per standard deviation
increase in thrombin generation parameters for high versus
low percentages of LRNC, calciﬁed tissue and ﬁbrous tissue.
Crude odds ratios (not adjusted for sex, age and hypercholesterolaemia) near 1 suggest absence of an association with high
percentage of lipid, calciﬁed or ﬁbrous tissue. However, after
adjustment for potential confounders weak positive associations were observed; however, these were non-signiﬁcant. The
confounding effect could not be appointed to sex alone,
because also age and hypercholesterolaemia showed a confounding effect on these three MRI parameters.39
►Table 3 shows odds ratios per unit increase in normalized
wall index (NWI, plaque burden). Since NWI was a continuous
MRI parameter with a normal distribution, we used a linear

regression to investigate associations with thrombin generation parameters. The regression coefﬁcient is therefore per
unit increase of peak thrombin and ETP. No association was
found between thrombin generation parameters and NWI.
There was no signiﬁcant association between thrombin
generation and IPH if we additionally corrected for LRNC,
ﬁbrous tissue and FC status (data not shown). There was also
no signiﬁcant association between thrombin generation and
MRI parameters when TM was added (data not shown).

Discussion
This study shows no signiﬁcant association between thrombin generation parameters in blood plasma and features of
Thrombosis and Haemostasis
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Table 2 Results of the univariate and multivariate binary logistic regression analysis to study the association between thrombin
generation parameters and the presence of intra-plaque haemorrhage (IPH) and other MRI parameters: high versus low
percentages of lipid-rich necrotic core (LRNC), calciﬁed tissue and ﬁbrous tissue
Multivariate analysisa

Univariate analysis

IPH presence
% LRNC
( 2.33 vs. < 2.33)
% Calciﬁed tissue
( 3.73 vs. < 3.73)

OR
(per SD
increase)

95% CI

p-Value

OR
(per SD
increase)

95% CI

p-Value

Peak thrombin

1

0.76–1.45

0.867

0.76

0.52–1.10

0.200

ETP

1

0.73–1.37

0.937

0.73

0.53–1.37

0.122

Peak thrombin

1.20

0.76–1.45

0.697

0.83

0.57–1.20

0.348

ETP

1

0.73–1.37

0.883

1

0.53–1.37

0.089

Peak thrombin

1.20

0.83–1.59

0.339

1.20

0.53–1.74

0.292

ETP

1

0.73–1.37

0.398

1.37

1.00–1.87

0.144

% Fibrous tissue
( 91.58 vs. < 91.58)

Peak thrombin

1

0.76–1.45

0.796

1.32

0.91–1.74

0.186

ETP

1

0.73–1.37

0.535

1.37

1.00–1.87

0.087

Fibrous cap status

Peak thrombin

1

0.76–1.45

0.789

0.76

0.52–1.10

0.192

ETP

1

0.73–1.37

0.674

0.73

0.53–1.37

0.090

Abbreviations: CI, conﬁdence interval; ETP, endogenous thrombin potential; IPH, intra-plaque haemorrhage; LRNC, lipid-rich necrotic core; MRI,
magnetic resonance imaging; OR, odds ratio.
Note: The odds ratios represent the change in the odds of an event for increase by one standard deviation (SD) in peak thrombin (SD ¼ 93 nM) and
one standard deviation in ETP (SD ¼ 314 nM/min) with 95 percentage conﬁdence interval.
a
Corrected for age, sex and hypercholesterolaemia.

Table 3 Results of the univariate and multivariate linear regression analysis to study the association between thrombin generation
parameters and the normalized wall index (NWI, plaque burden)
Multivariate analysisa

Univariate analysis

NWI

Regression
coefficient
(per unit increase)

95% CI

p-Value

Regression
coefficient
(per unit increase)

95% CI

p-Value

Peak
thrombin

–0.001

–0.001 to 0.000

0.940

0.000

–0.001 to 0.000

0.255

ETP

–0.001

–0.001 to 0.000

0.614

–0.001

–0.001 to 0.000

0.135

Abbreviations: CI, conﬁdence interval; ETP, endogenous thrombin potential; NWI, normalized wall index.
a
Corrected for age, sex and hypercholesterolaemia.

carotid plaque on MRI, including IPH, in symptomatic
patients with a mild to moderate ipsilateral carotid artery
stenosis.
There is clear evidence in the literature that IPH is a key
aspect of plaque vulnerability contributing to clinical
events. However, the development of IPH is only partly
understood. Impaired thrombin generation may promote
IPH development, since Borissoff et al demonstrated signs of
IPH in hyper-coagulable mice carrying a TM gene mutation
resulting in diminished TM-dependent generation of activated protein C.31 On the other hand, we and others
demonstrated an increased frequency of IPH in patients
on coumarin-type anti-coagulants23,40 and anti-platelet
therapy.22,41,42
In this study, we explored a possible role of the plasmatic
coagulation cascade to IPH development by quantiﬁcation of
thrombin generation. The present results do not show a
Thrombosis and Haemostasis
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signiﬁcant association between systemic coagulation factors
and IPH. The odds ratios for the presence of IPH showed a
negative weak association with thrombin generation in this
study, indicating that an increase in thrombin generation
may protect against IPH in accordance with our hypothesis;
however, the association lacked statistical signiﬁcance. Our
sample size may have been too small to reach statistical
signiﬁcance or alternatively this may have been a coincidental ﬁnding. On the other hand, a positive non-signiﬁcant
weak association was found for the other MRI plaque features
with thrombin generation. This is in line with a previous
study, which found a positive association between thrombin
generation and plaques with a higher content of ﬁbrous and
calciﬁed tissue in 128 patients with a 35% lumen diameter
reduction.43
The estimation of thrombosis risk using a CAT has been
validated in previous research. The assay allows for broad
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Conclusion
Features of carotid plaque on MRI show no signiﬁcant
association with thrombin generation in stroke patients.
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Systemic thrombin generation does not seem to be an
important factor in IPH development.

What is known about this topic?
• Intra-plaque haemorrhage (IPH) is an important hallmark of carotid plaque vulnerability.
• Experimental animal studies have shown conﬂicting
results on the relation between thrombin and atherosclerotic plaque vulnerability.
• Recent experimental studies provide support for the
idea that increased thrombin production in blood
alters the plaque phenotype, while genetic or pharmacological inhibition of coagulation attenuates atherogenesis, human data are scarce

What does this paper add?
• We demonstrated no associations between thrombin
generation and magnetic resonance imaging parameters.
• Systemic thrombin generation does not seem to be an
important factor in IPH development.
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scale clinical testing, although it is not yet implemented in
daily clinical practice.44–47 Associations between thrombin
generation and atherothrombotic events have been studied
previously. A positive association was shown with ischaemic
stroke,33 echogenic carotid plaques43 and intima-media
thickness.48 Besides, histopathological evidence shows a
pro-coagulant state in early atherosclerotic lesions.35 However, the association between thrombin parameters and
morphological atherosclerotic features on carotid MRI has
not been studied before.
Li et al observed a positive association between the use of
coumarins and the presence and extent of IPH in coronary
plaques.23 VKAs reduce the level of different pro- and anticoagulant proteins, resulting in diminished thrombin generation in plasma.49 An important difference between anticoagulant-mediated effects and variations in endogenous
plasma thrombin generation may be in the local, intravascular inhibitory effects that may be operational with
oral anti-coagulants. Atherosclerotic lesions express a range
of coagulation proteins, including factor VII that is also
synthesized by VSMCs.35 Theoretically, VKA may also inhibit
the function of such extra-vascular proteins, which might
contribute to less thrombin generation potential in the
plaque. Consequently, this may reduce pro-coagulant and
pro-ﬁbrotic actions of thrombin and may promote IPH and
plaque vulnerability. This additional, local effect, may be
required to contribute to IPH, whereas variations in systemic
thrombin generation do not have such impact on plaque
stability. Animal experimental work with novel oral anticoagulants also shows strong effects on plaque progression
and features of stability.27,28,30
Previously, Liem et al has shown an association between
IPH and anti-platelet therapy.22 To eliminate the contribution of platelets and to focus on the contribution of plasma
factors only, we used PPP in our study. Nevertheless, thrombin generation analysis in platelet-rich plasma might be
interesting in future studies, but requires a new study setup
as fresh material is needed for such an assay.
In addition, the patients in the PARISK study are not
scheduled for carotid endarterectomy, so we were unable
to study the effects of local thrombin concentrations within
the atherosclerotic lesion. Previous studies in the literature
have suggested that local coagulation factors may play a
crucial role in atherothrombosis and atherosclerotic plaque
progression.25,35 We could not study the relation between
IPH and thrombin and clinical events during follow-up, since
the clinical follow-up of the PARISK study is still on-going.
However, the main goal of this study was to identify an
association between thrombin generation and plaque composition in patients with a recently symptomatic carotid
atherosclerotic plaque. This study was not designed to investigate the relation between thrombin and atherosclerotic
plaque development.
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