
ORIGINAL ARTICLE

The hypercoagulable profile of patients with stent
thrombosis
R Loeffen,1 T C Godschalk,2 R van Oerle,1 H M H Spronk,1 C M Hackeng,3

J M ten Berg,2 H ten Cate1

1Laboratory for Clinical
Thrombosis and Haemostasis,
Departments of Internal
Medicine and Biochemistry,
Cardiovascular Research
Institute Maastricht, Maastricht
University Medical Center,
Maastricht, The Netherlands
2Department of Cardiology,
St. Antonius Center for Platelet
Function Research,
St. Antonius Hospital,
Nieuwegein, The Netherlands
3Department of Clinical
Chemistry, St. Antonius Center
for Platelet Function Research,
St. Antonius Hospital,
Nieuwegein, The Netherlands

Correspondence to
Rinske Loeffen, Laboratory for
Clinical Thrombosis and
Haemostasis, Department of
Internal Medicine,
Cardiovascular Research
Institute Maastricht, Maastricht
University Medical Center, P.O.
Box 616, Maastricht 6200 MD,
The Netherlands;
rinske.loeffen@
maastrichtuniversity.nl

RL and TCG contributed
equally to this study.

Received 19 August 2014
Revised 22 December 2014
Accepted 5 January 2015
Published Online First
21 May 2015

To cite: Loeffen R,
Godschalk TC, van Oerle R,
et al. Heart
2015;101:1126–1132.

ABSTRACT
Objective Coronary stent thrombosis is a devastating
complication after percutaneous coronary intervention
(PCI). The mechanisms underlying stent thrombosis are
multifactorial. Whether the coagulation system is
involved in the pathophysiology of stent thrombosis is
unclear. We hypothesised that thrombin generation,
reflecting the coagulation potential, is enhanced in
patients with stent thrombosis.
Methods A case–control study was performed,
including 63 patients with PCI: 23 cases (stent
thrombosis) and 40 controls (no stent thrombosis).
Thrombin generation was measured using 0, 1 and
5 pM tissue factor (TF) triggers. Active site-inhibited
factor VIIa (ASIS) and recombinant thrombomodulin were
added to study the contact activation system and the
protein C pathway, respectively.
Results Thrombin generation was significantly
increased for all TF triggers in cases compared with
controls. Addition of ASIS to the measurement without
exogenous TF revealed significantly enhanced contact
activation in cases compared with controls; mean peak
height: 241 vs 183 nM. Thrombin generation was also
significantly increased in cases compared with controls in
the presence of exogenous TF; mean peak height: 263
vs 233 nM (5 pM TF). Addition of thrombomodulin
reduced thrombin generation by 23% in cases and 31%
in controls (p<0.018), suggesting alterations in the
protein C pathway in cases.
Conclusions This is the first study that suggests the
involvement of the coagulation system in stent
thrombosis. Stent thrombosis patients showed a
hypercoagulable state, most likely caused by enhanced
contact activation and attenuation of anticoagulation by
the protein C pathway.

INTRODUCTION
Coronary stent thrombosis is a rare, but severe,
complication after percutaneous coronary interven-
tion (PCI) with stent implantation. This complica-
tion manifests itself as myocardial infarction (80%)
and cardiac death (12%–40%). Furthermore, stent
thrombosis is associated with a high recurrence rate
of around 15%.1–4 The incidence of stent throm-
bosis is approximately 0.5%–4%, despite optimal
dual antiplatelet therapy with aspirin and an
ADP-receptor antagonist.5–7 Multiple factors under-
lie the pathophysiological mechanisms of stent
thrombosis. Platelets play a major role in thrombus
formation in the coronary stent. This is highlighted
by the fact that the most important risk factor is
the early discontinuation of clopidogrel.5

It is unclear whether the coagulation system,
which is closely related to the haemostatic effects
of platelets, is also involved in the pathophysiology
of stent thrombosis. In the coagulation process,
thrombin is the key enzyme, regulating a diversity
of procoagulant and anticoagulant responses.
Moreover, thrombin is involved in atherosclerosis
and atherothrombosis, through the activation of
protease-activated receptors (PARs).8 9 By activating
PAR-1 and PAR-4 on human platelets, thrombin
serves as a platelet agonist stimulating platelet
secretion and aggregation.10 Given the central pos-
ition of thrombin in haemostasis, useful informa-
tion about the prothrombotic tendency of a patient
can be provided by the potential of the patient’s
plasma to generate thrombin.11 In this study, we
hypothesised that plasma thrombin generation is
enhanced in patients with a history of stent throm-
bosis compared with control patients without stent
thrombosis.

MATERIAL AND METHODS
Study design and population
This was a single-centre case–control study, includ-
ing consecutive patients who underwent a PCI with
stent implantation between August 2007 and
March 2011. Selected cases had undergone an
index PCI (PCI with initial stent implantation) after
which they experienced an angiographically con-
firmed stent thrombosis during follow-up.12

Controls had undergone an index PCI without sub-
sequently suffering from stent thrombosis between
the index PCI and blood sampling and did not
develop a restenosis in the first 3 months after
stenting. Controls were randomly selected from the
institution’s administrative database. Subjects using
oral anticoagulants were excluded. All participants
provided written informed consent and the study
was conducted according to the principles of the
Declaration of Helsinki. The local institutional
review board approved the conduct of this study.

Blood collection and preparation
Blood was collected at the St. Antonius Hospital
(Nieuwegein, The Netherlands) between April
2010 and August 2012. A time window of at least
3 months was required between the index PCI
(controls) or the PCI for stent thrombosis (cases)
and blood sampling. Venous blood was collected
from the antecubital vein using 21-gauge needles
and 3.2% (w/v) sodium citrate Vacuette tubes
(Greiner Bio-one, Frickenhausen, Germany). The
first 5 mL of free-flowing blood was discarded to

Open Access
Scan to access more

free content

1126 Loeffen R, et al. Heart 2015;101:1126–1132. doi:10.1136/heartjnl-2014-306685

Coronary artery disease

http://crossmark.crossref.org/dialog/?doi=10.1136/heartjnl-2014-306685&domain=pdf&date_stamp=2015-05-21
http://www.bcs.com
http://heart.bmj.com


avoid haemostatic activation. Platelet-poor plasma (PPP) was
obtained by two separate centrifugation steps of 10 min at
150×g, followed by 10 min at 16.000×g. All aliquots were
stored at −80°C until analysis.

Thrombin generation
Thrombin generation in human PPP was measured by means of
the calibrated automated thrombogram (CAT) method
(Thrombinoscope BV, Maastricht, The Netherlands), exactly
according to our previously described standardised protocol.13

The CAT method is an in vitro plasma assay that reflects the
overall tendency of a plasma sample to clot and provides quantifi-
cation of the total amount of thrombin formed. Coagulation was
activated by the addition of tissue factor (TF), phospholipids (PLs)
and calcium chloride. Thrombin activity was monitored via the
conversion of a low-affinity fluorogenic substrate for thrombin
added to the plasma. Thrombin generation measurements were
performed under different experimental conditions to study the
specific aspects of the coagulation cascade. Measurements were
performed with addition of 0, 1 and 5 pM TF together with 4 μM
PLs (All CAT reagents were obtained from Thrombinoscope BV).
By measuring thrombin generation in the absence of TF and pres-
ence of the extrinsic pathway inhibitor active side inhibited factor
FVIIa (ASIS Novo Nordisk, Bagsvaerd, Denmark; final concentra-
tion 30 nM) the contribution of the intrinsic coagulation pathway
was determined. Furthermore, to investigate the function of the
protein C pathway, 0.58 nM recombinant thrombomodulin was
added to the 1 pM TF measurements, sufficient to inhibit throm-
bin generation in platelet-poor normal pooled plasma by 50%.
Normal pooled plasma was collected at the Maastricht University
Medical Center (Maastricht, The Netherlands) by pooling PPPs
from 80 healthy volunteers. Measurements were performed after
10 min of preheating at 37°C in the fluorometer (Fluoroskan,
Thermo Labsystems OY, Helsinki, Finland), as described.13

Intra-assay and inter-assay CVs for the 1and 5pM TF measure-
ments were 10% and 15%, and 6% and 10%, respectively.13 A
typical thrombin generation curve and its parameters, obtained
after triggering coagulation with TF, are presented in figure 1.

Thrombin–antithrombin complexes, fibrinogen, D-dimer
Plasma concentrations of fibrinogen and D-dimer were estab-
lished using a Sysmex CA-7000 System Automated Coagulation
Analyser with reagents obtained from Siemens Healthcare
Diagnostics (Marburg, Germany). Fibrinogen was measured
according to the Clauss method (intra-assay and inter-assay
CVs: 10%)14 and D-dimer levels were determined by the
INNOVANCE D-dimer assay (intra-assay and inter-assay CVs:
10%). Thrombin–antithrombin (TAT) complexes were quanti-
fied by a commercially available immunoassay (Enzygnost TAT
Micro, Siemens Healthcare Diagnostics, Marburg, Germany)
(intra-assay and inter-assay CVs: 6% and 10%).

Statistical analysis
Analyses were performed with PRISM for Mac, V.5.00
(GraphPad Software, San Diego, California, USA), and SPSS
V.21.0 (SPSS, Chicago, Illinois, USA). Data are expressed as
mean±SD or median±IQR (D’Agostino & Pearson omnibus
normality test), and categorical data as frequencies (%). The
time-independent parameters endogenous thrombin potential
(ETP) and peak height are expressed as percentage of normal
pooled plasma.15 Differences between the groups were analysed
using a χ2 test, unpaired Student’s t test or Mann–Whitney U
test as appropriate. Thrombin generation levels were categorised
based on the cut-off values of the quartiles in the control group.

The association between thrombin generation and history of
stent thrombosis was assessed by logistic regression analysis with
either the highest or the lowest quartile as a reference category.
Potential confounders (baseline characteristics with a p value
≤0.1 in χ2 tests) were entered in a multivariate model. ORs are
presented with 95% CIs. A two-tailed probability value p<0.05
was considered statistically significant.

RESULTS
Patients and blood sampling
Twenty-three patients with a history of stent thrombosis were
included. Seven patients suffered from early stent thrombosis
(≤30 days post-PCI; two acute (<24 h), five subacute (1–
30 days)) and 16 from late stent thrombosis (>30 days
post-PCI; two late (>30 days), 14 very late (>12 months)).
Cases were compared with 40 control patients without a history
of stent thrombosis. Baseline characteristics of both groups are
summarised in table 1. More cases than controls were smoking
at the time of the index PCI (p=0.014). The mean time interval
between stent thrombosis (cases) or index PCI (controls) and
blood sampling was 53.9 (36.7–71.2) and 53.2 (29.9–71.9)
months, respectively (table 2). At the time of blood collection,
more cases (68.2%) were on a dual antiplatelet regimen than
controls (25.0%) (p=0.001), because clopidogrel or prasugrel
therapy was continued beyond the standard duration of 1 year
for patients who suffered from stent thrombosis.

Coagulation activation
Plasma concentrations of TAT complexes, fibrinogen and
D-dimer were not significantly different between cases and con-
trols (table 2). With the exception of TAT levels in cases, all
median plasma levels were within the normal reference ranges.
Only in cases median TAT levels were above the reference range
of 4.2 mg/L (6.66 (2.56 –22.03) vs 2.68 mg/L (1.72–25.67),
respectively). In 62% of cases and 39% of controls, TAT levels

Figure 1 Thrombin generation curve and parameters. Example of a
thrombin generation curve obtained by means of the calibrated
automated thrombogram method in a healthy individual. The main
parameters derived from the curve are: (1) the lag time (the time until
one-sixth of the peak height is reached), which approximates the
clotting time, (2) the peak height or maximum amount of thrombin
formed (in nM thrombin), (3) the endogenous thrombin potential or
area under the curve, corresponding to the total amount of thrombin
formed (ETP in nM.min), (4) the time until the peak height is reached
or time to peak, (5) the velocity index, which reflects the rate of
thrombin formation, and (6) the time to tail or the time until the end
point of thrombin generation (in nM/min).
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were >4.2 mg/L, indicating that active coagulation was ongoing
or had recently occurred in a substantial subgroup of patients.

Coagulation potential
Contact activation pathway
The results of the 0 pM TF measurements in the absence of ASIS
showed an enhanced thrombin generation in cases compared with
controls (data not shown). For measurements in the presence of
ASIS the difference in thrombin generation between cases and con-
trols was even more pronounced (figure 2). Cases demonstrated a
shortening in lag time, time to peak and time to tail (median 9.2
(8.1–10.6) vs 12.7 min (11.5–16.7), p<0.0001; 11.7 (10.5–13.5)

vs 16.1 min (14.3–20.5), p<0.0001; mean 24.4±2.9 vs 31.7
±4.5 min, p<0.0001; respectively). Furthermore, cases showed
an increased peak height and velocity index compared with con-
trols (mean 241±54 vs 183±60 nM, p=0.0005; 98±35 vs 63
±28 nM/min, p=0.0002; respectively). Although the ETP was
higher in cases, no significant difference was found compared with
controls (mean 1131±156 vs 1026±228 nM/min, p=0.069).
Overall, the results of the 0 pM TF measurements with addition
of ASIS demonstrated a significantly enhanced contact activation
in cases compared with controls. These results were confirmed by
the data from the 1 pM TF trigger (data not shown).

Protein C pathway
The inhibition of thrombin generation by addition of thrombomodu-
lin resulted only in a moderate ETP reduction (<50%) in both cases
and controls (figure 3). However, compared with controls, cases
showed a lower ETP reduction upon thrombomodulin addition
(mean 31±12% vs 23±13%, p=0.018, respectively), suggesting
alterations in the protein C pathway for patients with stent throm-
bosis. Similar to the 0 pM TF±ASIS and 1 pM TF trigger, thrombin
generation measurements in the presence of thrombomodulin
demonstrated accelerated and increased thrombin generation in cases
compared with controls. This was shown by a shortened lag time,
time to peak and time to tail (mean 5.3±1.2 vs 6.0±1.2 min,
p=0.025; 8.2±1.3 vs 9.1±1.1 min, p=0.007; median 20.5 (19.0–
21.0) vs 21.0 min (20.1–22.0), p=0.034; respectively), and an
increased ETP, peak height and velocity index (mean 196±59 vs 159
±56 nM, p=0.015; 929±243 vs 779±239, p=0.002; median 64
(47–84) vs 54 nM/min (32–66), p=0.04; respectively).

Extrinsic pathway
Even when analyses were performed at the higher TF concen-
tration of 5 pM, cases demonstrated a significantly enhanced
thrombin generation compared with controls (figure 4).
Overall, in the 5 pM TF assay the time-dependent variables,
lag time (not significant), time to peak and time to tail were
shortened in cases compared with controls (mean 2.8±0.5 vs
3.0±0.6 min, p=0.114; 5.5±0.8 vs 6.1±0.8 min, p=0.013;
19.1±2.1 vs 20.6±1.8 min, p=0.007; respectively). Moreover,
an increased normalised peak height and velocity index was
demonstrated in cases compared with controls (mean 220
±33% vs 192±31%, p=0.002; 101±30 vs 80±25 nM/min,
p=0.004; respectively). In contrast, the small difference in nor-
malised ETP between cases and controls was not significant
(mean 138±17% vs 136±19%, p=0.76). We observed no sig-
nificant difference in thrombin generating potential (all trig-
gers) between early (n=7) and late (n=16) stent thrombosis
(data not shown).

Thrombin generation and the risk of stent thrombosis
Overall, in patients who underwent a PCI, an enhanced and accel-
erated thrombin generation was independently associated with a
history of stent thrombosis (table 3). However, ORs were not sig-
nificant for all thrombin generation parameters and associations
varied across the different TF triggers. Both the peak height and
time to tail were the parameters with significant associations for all
three TF triggers. Adjustment for the potential confounders hyper-
tension, stent length, culprit vessel and smoking (baseline
characteristics with a p value ≤0.1 in χ2 tests) resulted in an
improvement of the model fit (likelihood ratio) and for most
thrombin generation parameters in an enhancement of the ORs
(table 3). Most of the enhancement was explained by the confoun-
der hypertension, whereas the effects of the stent length, culprit
vessel and smoking were small (separate models not shown).

Table 1 Baseline characteristics of cases and controls at time of
index PCI

Cases (n=23)
Controls (n=40) p Valueno./total no. (%) no./total no. (%)

Clinical characteristics
Female 4/23 (17.4) 5/40 (12.5) 0.59
Age (years) 53.1±8.6 56.8±10.1 0.16
Body mass index (kg/m2) 27.1±3.7 26.7±3.4 0.69
Current smoking 16/22 (72.7) 16/40 (40.0) 0.014
Hypertension 10/23 (43.5) 9/39 (23.1) 0.092
Diabetes mellitus 3/23 (13.0) 4/40 (10.0) 0.71
Hypercholesterolaemia 12/23 (52.2) 14/36 (38.9) 0.32
Family history of CAD 16/22 (72.7) 23/40 (57.5) 0.24

Medical history
Prior MI 7/23 (30.4) 9/40 (22.5) 0.49
Prior PCI 5/23 (21.7) 9/40 (22.5) 0.94
Prior CABG 0/23 (0.0) 1/40 (2.5) 0.45
Malignancy 0/23 (0.0) 3/40 (7.5) 0.18

LVEF
>45% 16/18 (88.9) 21/27 (77.8) 0.17
30%–45% 1/18 (5.6) 6/27 (22.2)
<30% 1/18 (5.6) 0/27 (0.0)

Indication
Stable angina 7/23 (30.4) 16/40 (40.0) 0.60
UAP/NSTEMI 7/23 (30.4) 8/40 (20.0)
STEMI 9/23 (39.1) 16/40 (40.0)

Angiographic data

Culprit vessel
RCA 7/23 (30.4) 15/40 (37.5) 0.077
LAD 15/23 (65.2) 16/40 (40.0)
RCX 1/23 (4.3) 9/40 (22.5)

Procedural characteristics
BMS 7/23 (30.4) 13/40 (32.5) 0.92
DES—1st generation 11/23 (47.8) 17/40 (42.5)
DES—2nd generation 5/23 (21.7) 10/40 (25.0)
Total stent length (mm) 23 (18–40) 20 (15–27) 0.098

Antiplatelet therapy
GP IIb/IIIa therapy 4/23 (17.4) 7/40 (17.5) 0.99
Aspirin 20/21 (95.2) 39/40 (97.5) 0.64
Clopidogrel 19/21 (90.5) 36/40 (90.0) 0.95

Continuous data are presented as mean±SD or median±IQR and group comparison
of continuous data was performed using unpaired Student’s t test or Mann–Whitney
U test. Categorical variables are presented as no./total no. (%), with differences
between the groups tested with χ².
BMS, bare metal stents; CABG, coronary artery bypass graft; CAD, coronary artery
disease; DES, drug eluting stents; GP, glycoprotein; LAD, left anterior descending; MI,
myocardial infarction; NSTEMI, non-ST-segment elevated myocardial infarction; PCI,
percutaneous coronary intervention; RCA, right coronary artery; RCX, ramus
circumflexus; STEMI, ST-segment elevated myocardial infarction; UAP, unstable
angina pectoris.
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DISCUSSION
The main finding of the present case–control study is a signifi-
cantly faster and higher thrombin generation in plasma from
patients with a history of stent thrombosis compared with control
patients. In patients with a history of stent thrombosis, a shift
towards a hypercoagulable state is seen, which was found for all
thrombin generation measurements (0, 1 and 5 pM TF). As
demonstrated by the addition of ASIS, the prothrombotic profile
in cases is partly due to significantly enhanced intrinsic contact
activation. In addition, cases demonstrated a reduced anticoagu-
lant function of the protein C pathway, as shown by the signifi-
cantly lower ETP reduction upon thrombomodulin addition.

Furthermore, logistic regression analysis revealed that in patients
who underwent a PCI, increased and accelerated thrombin gener-
ation levels are associated with a history of stent thrombosis.

Although patients with a history of stent thrombosis demon-
strated a significantly enhanced thrombin potential, which is con-
sidered as hypercoagulability, we found no elevation in fibrinogen
and the thrombin activation markers TATand D-dimer. This might
be explained by the relatively long time interval between stent
thrombosis and blood collection (mean time interval
56.7 months). Plasma thrombin generation analyses assess the pro-
thrombotic tendency of a patient, which is not primarily linked to
the extent of thrombin formation in the body. Therefore, the

Table 2 Characteristics at the time of blood sampling for cases and controls

Cases (n=23) Controls (n=40)
p Valueno./total no. (%) no./total no. (%)

Time between index PCI and blood sampling (months) 53.9 (36.7–71.2) 53.2 (29.9–71.9) 0.81
Medication

DAPT 16/23 (69.6) 9/40 (22.5) <0.001
Aspirin 23/23 (100.0) 38/40 (95.0) 0.28
Clopidogrel 13/23 (56.5) 8/40 (20.0) 0.003
Prasugrel 3/23 (13.0) 1/40 (2.5) 0.10
Statins 22/22 (100.0) 35/39 (89.7) 0.12
ACE inhibitors 15/22 (68.2) 19/39 (48.7) 0.15

Laboratory measurements
Platelet count (×109/L) 204±48 215±53 0.42
Creatinine (mmol/L) 80 (66–91) 79 (73–84) 0.64

Coagulation measurements
TAT (mg/L) 6.7 (2.6–22.0) 2.7 (1.7–25.7) 0.12
D-dimer (mg/L) 0.41 (0.27–0.55) 0.38 (0.25–0.59) 0.99
Fibrinogen (g/L) 3.53±0.70 3.48±0.74 0.80

Continuous data are presented as mean±SD or median±IQR and group comparison of continuous data was performed using unpaired Student’s t test or Mann–Whitney U test.
Categorical variables are presented as no./total no. (%), with differences between the groups tested with χ².
DAPT, dual antiplatelet therapy; PCI, percutaneous coronary intervention; TAT, thrombin–antithrombin complexes.

Figure 2 The influence of ASIS on thrombin generation in cases versus controls. Thrombin generation analysis (0 pM TF) of PPP collected from 23
cases and 40 controls upon addition of ASIS. Upper panel: peak height in nM thrombin (A), velocity index in nM/min (B) and ETP in nM.min (C).
Lower panel: lag time in min (D), time to peak in min (E), and time to tail in min (F). Horizontal lines indicate means±SD (A–C and E), or medians
±IQR (D and F). ASIS, active site-inhibited factor VIIa; PPP, platelet poor plasma; ETP, endogenous thrombin potential; TF, tissue factor.
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thrombin generation potential may be persistently elevated in
patients after stent thrombosis, while the levels of thrombin activa-
tion markers and fibrinogen are normal.

An important finding in our study was the enhanced throm-
bin generation in the presence of an inhibitor of the extrinsic
pathway, suggesting the presence of contact activation in patients
with a history of stent thrombosis. Activation of factor XII may
be an important determinant of arterial thrombosis, where
platelet activation and the presence of specific agonists of
contact activation including polyphosphates may be locally

active in strengthening clot structure.16–18 Another new finding
in our study was the impaired downregulation of thrombin for-
mation via the protein C pathway for both cases and controls,
which was more pronounced in cases. The mechanisms under-
lying this apparent resistance against activated protein C are
unclear, but could be very relevant. Activated protein C is
thought to play a protective role against arterial thrombosis
through its anti-inflammatory and antiapoptotic properties.19

Previous studies have shown that low activated protein C levels
are associated with early myocardial infarction and with the
extent and severity of atherosclerosis.20 21

At the time of the index PCI (no data available on smoking rate
at the time of blood sampling) there was a higher rate of smoking
in cases versus controls. However, the difference in ETP between
smokers and non-smokers was only minimal and could be
explained by the intra-assay variation of the CAT assay. Literature
does not show any unequivocal effects of smoking on plasma
thrombin generation.22 23 Furthermore, in the present study, we
demonstrated by multivariate logistic regression analysis that
smoking had no clear effect on thrombin generation. At the time
of blood collection, more cases than controls were on dual antipla-
telet therapy, because, for patients who suffered from stent throm-
bosis, clopidogrel or prasugrel therapy was continued beyond the
standard duration of 1 year after PCI. However, an effect of plate-
lets function inhibitors on thrombin generation is not to be
expected, considering all measurements were performed in PPP.
Also, in a previous study, it was observed that aspirin did not affect
any of the thrombin generation variables.24 Although there might
be differences in the pathogenesis of early and late stent throm-
bosis, we found no difference in thrombin generation potential
between the different types of stent thrombosis. However, for per-
forming subgroup analysis the groups were rather small.

The recurrence rate of stent thrombosis in this cohort was
13%, which is comparable to the literature.4 Obviously, inad-
equate P2Y12 inhibition with the use of clopidogrel may still
have been a major factor in the occurrence of stent thrombosis.

Figure 4 Thrombin generation measurements at 5 pM TF in cases versus controls. Thrombin generation analysis (5 pM TF) of PPP collected from
23 cases and 40 controls. Upper panel: peak height in nM thrombin (A), velocity index in nM/min (B) and ETP in nM.min (C). Lower panel: lag time
in min (D), time to peak in min (E) and time to tail in min (F). Horizontal lines indicate means±SD. PPP, platelet poor plasma; ETP, endogenous
thrombin potential; TF, tissue factor.

Figure 3 The effect of thrombomodulin on thrombin generation in
cases and controls. Thrombin generation analysis (1 pM TF) of PPP
collected from 23 cases and 40 controls upon addition of
thrombomodulin titrated at an ETP reduction of 50% in normal pooled
plasma (horizontal dotted line). Depicted are the percentage reductions
in ETP calculated for cases and controls. PPP, platelet poor plasma;
ETP, endogenous thrombin potential; TF, tissue factor.
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However, the observed hypercoagulable state (in PPP) of
patients with a history of stent thrombosis in this study suggests
that the coagulation system might be an additional target for
reducing the high recurrence rate of stent thrombosis.
Thrombin has a central role in the coagulation system and is
also a potent stimulant of platelet aggregation. Inhibition of
thrombin, for example, by a combination of a low dose of a
non-vitamin K oral anticoagulant and one ADP-receptor antag-
onist, might theoretically be able to reduce the recurrence rate
of stent thrombosis.25 The efficacy and certainly also the bleed-
ing risks associated with such combined antithrombotic therapy
need to be demonstrated in further clinical study. Another
potentially attractive therapeutic target might be the contact
activation system, in particular factor XIIa. Factor XII-deficient
animals are protected from arterial thrombosis and, like factor
XII-deficient humans, do not display an increased bleeding ten-
dency.26 27 Specific factor XIIa inhibitors are promising agents
to block thrombosis without apparent effect on bleeding in dif-
ferent recent experimental studies.28 29 In the hope of reducing
the recurrence rate of stent thrombosis without increasing the
risk of bleeding, factor XIIa inhibitors might be promising
therapeutic agents alongside antiplatelet therapy in patients with
a history of stent thrombosis.

The present study has certain limitations. First, the number
of patients included was small, which makes extrapolation to
the total population of patients with PCI difficult. However,
given the incidence of stent thrombosis of 0.5%–4%, the
sample size can be considered representative for a large-sized
Dutch hospital. Second, stent thrombosis occurred several years
prior to blood collection, which makes it unclear whether the
hypercoagulable state was also present at the time of stent
thrombosis. Third, data were missing on smoking status at the
time of blood sampling. However, based on literature and as
demonstrated in the present study by multivariate logistic
regression analyses, we do not expect a clear effect of current
smoking status on thrombin generation. Fourth, blood was
sampled into citrate blood collection tubes without corn
trypsin inhibitor (CTI). CTI inhibits activated factor XII and
can be used to inhibit preanalytical contact activation in
plasma. However, addition of CTI to the blood collection
tubes can also be considered a drawback, since it will also
inhibit any activated factor XII that was formed in vivo, which
makes it difficult to investigate the contribution of in vivo
contact activation on thrombin generation. Finally, the develop-
ment of whole blood assays may help to improve the applica-
tion of thrombin generation analysis in patients with arterial
disease in the future, because the presence of platelets and
other cells may better reflect the conditions that predispose to
arterial thrombosis.30

CONCLUSION
Coronary stent thrombosis has a multifactorial origin and, in con-
trast to the known involvement of platelets, the potential role of
the coagulation system is largely unknown. Our study is the first to
demonstrate an increased thrombin generation potential, as well as
a reduced capacity to activate protein C in patients with a history
of stent thrombosis. This shift towards a hypercoagulable state,
which is most likely caused by an enhanced contact activation and
attenuation of anticoagulation by the protein C pathway, might
contribute to the pathophysiology of stent thrombosis. The devel-
opment of novel specific anticoagulants, including against factor
XIIa, will potentially enable additional antithrombotic therapy
beyond platelet inhibitors.
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Key messages

What is already known on this subject?
▸ Platelets play an important role in the pathophysiology of

stent thrombosis.
▸ Despite current dual antiplatelet therapy, stent thrombosis is

associated with a high recurrence rate.
▸ The potential role of the coagulation system in the

pathophysiology of stent thrombosis is largely unknown.

What might this study add?
▸ Patients with a history of stent thrombosis have an increased

thrombin generating potential.
▸ The hypercoagulable state is due to enhanced intrinsic

contact activation and reduced capacity to activate protein C.

How might this impact on clinical practice?
▸ The coagulation system might be a useful additional therapeutic

target to reduce the high recurrence rate of stent thrombosis.
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