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Effectss o f Clopidogrel on Rebound in ACS 

S u m m a r y y 

ObjectivesObjectives - This study evaluates the effects o f clopidogrel on the rebound 
increasee o f thrombin generation and activity after cessation o f enoxaparin 
inn ACS patients. 

BackgroundBackground -Cessation of both unfractionated (UFH) and low-
molecular-weightt heparin (LMWH) treatment in acute coronary syndrome 
(ACS)) patients results in rebound coagulation activation, with a temporary 
hypercoagulablee state. This is associated with an increased incidence o f 
ischemicc events shortly after heparin treatment discontinuation. Platelet 
inhibitorss such as aspirin and GPIIb/ l l la inhibitors decrease the incidence 
o ff the clinical rebound. It is unknown whether the antiplatelet activity o f 
clopidogrell in addit ion to aspirin influences the prothrombotic state 
developingg after heparin discontinuation in patients with acute coronary 
syndromes. . 

MethodsMethods -Af ter stabilization with standard enoxaparin treatment, we 
randomizedd 20 patients admitted for ACS, to clopidogrel (Plavix®) plus 
aspirinn (n=10) or aspirin alone (n=10), and measured plasma markers o f 
coagulationn before, during, and after treatment. 

ResultsResults - After loss o f therapeutic plasma enoxaparin levels, the aspirin 
alonee group showed rapid increasing levels o f plasma fragment 1+2 (F1 + 2 ) 
ass soon as 3 hours after cessation. The increase at time points 3, 6, 1 2 and 
244 hours were significantly higher than baseline (0 hours), with an increase 
fromm 0.78 nmol /L to a maximum o f 1.08 nmol /L at 24 hours (p=0.01). A 
similarr increase was observed in the clopidogrel group, from 0.86 nmol /L 
att baseline to a maximum of 1.18 nmol /L at 24 hours (p=0.02), although 
onlyy this time point was significantly higher compared to baseline levels. 
Clopidogrell patients had lower F1+2 values at all time points up to 24 hours 
afterr stopping, though differences between groups did not reach statistical 
significance.. TAT complexes in the aspirin alone group showed a clear rise 
fromm 4.1 ug/L at baseline to 16.7 ug/L at 24 hours (p=0.04). In contrast, 
TATT levels in the clopidogrel group showed no increase and remained at 
levelss similar as baseline, resulting in significantly lower levels at 24 hours 
ass compared to aspirin alone arm (p=0.03). 

ConclusionConclusion -Cessation of enoxaparin resulted in rebound thrombin 
generationn in aspirin alone and aspirin plus clopidogrel treated patients. 
Clopidogrell was associated with a reduction in thrombin activity compared 
too aspirin alone, and this might partially account for the clinical benefits 
observedd to aspirin treatment in ACS patients. 
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I n t r o d u c t i o n n 

Severall studies showed a clustering o f recurrent ischemic events shortly 
afterr discontinuation o f heparin in the treatment o f ACS (i.e unstable 
anginaa and myocardial infarction)' " '. In this setting, uncontrolled 
thrombinn generation may be an important trigger for recurrent ischemic 

(ft(ft 10T ' - o o 

events^^ " ' and indeed, an increase in the markers o f thrombin activation 
hass been shown within 24h of unfractionated heparin (UFH) 
discontinuation'' " '. There seems to be no significant differences in the 
timee course and magnitude o f the rebound hypercoagulative phenomenon 
k r r v , r o r ,, iJFH and Inw ~-~l,-,<-..l-..- ,„,a;~ki- k o n ^ i n i\ \A\M\-\\ I\ a 

dalteparin)'' 1 ' . 

Platelett activation has been shown to play a role in the pathophysiology o f 
thee progression o f ACS^ ', and the reactivation o f unstable angina after 
discontinuationn o f heparin treatment may be partially prevented by platelet 
inhibitorss such as aspirin treatment' ' or glycoprotein l lb / l l la receptor 
blockers^^ '. Clopidogrel is a new antiplatelet drug o f the thienopyridine 
class,, that produces additive beneficial effects as compared to aspirin 
treatmentt alone, in a long term follow up o f patients with ACS^ ' with 
consistentt benefits in low-, intermediate-, and high-risk patients^ '. 

Iff rebound coagulation and platelet activation are responsible for recurrent 
ischemicc events after UFH or LMWH discontinuation, the antiplatelet 
effectss o f clopidogrel might avoid or reduce this phenomenon. To our 
knowledge,, no studies have been carried out to evaluate the effect o f 
clopidogrell on the prothrombot ic rebound developing immediately after 
heparinn is stopped. 

Thee aim o f this study was to evaluate the influence o f clopidogrel plus 
aspirinn versus aspirin alone on the prothrombotic state developing after 
heparinn discontinuation in patients with acute coronary syndromes. 

Methods s 

Patientt selection 

Consecutivee Coronary Care Unit (CCU) patients after stabilization o f ACS 
byy standard treatment were screened for eligibility. 

Standardd ant i thrombot ic treatment o f ACS included: aspirin (100 mg/day) 
andd enoxaparin given as an initial intravenous bolus o f 40 mg followed by 
immediatee init iation o f weight classed subcutaneous injections every 12 
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hours.. By protocol , patients were treated with study medication until 
clinicallyy stable, for at least 48 hours from onset o f treatment or, if 
applicable,, at least 48 hours after catheterization. 

Inclusionn criteria were rest angina o f at least 5 minutes in duration and 
eitherr ECG changes compatible with acute ischemia (ST-segment 
depressionn > 0.1 mV in > 2 contiguous leads, T-wave inversion > 0,1 mV, 
transientt ST elevation or new left-bundle-branch block), creatinine-kinase 
MBB (CKMB) levels o f at least twice the normal l imit, or a history of 
documentedd coronary artery disease. 

Excludedd were patients with percutaneous transluminal coronary 
angioplastyy or coronary artery by-pass grafting; ongoing treatment with 
orall anticoagulants, heparin or GPIIb/l l la inhibitors; bleeding risk 
accordingg to treating physicians; hypersensitivity to study drug; patients 
scheduledd to be transferred before the end o f the study; unwillingness to 
participate. . 

Informedd consent was obtained from all patients. Randomization was 
performedd with sealed envelopes containing treatment al location. The 
studyy was approved by the Institutional Review Board o f the Academic 
Medicall Center in Amsterdam. 

Treatment t 

Whenn clinically stable by standard treatment, included patients stopped 
enoxaparinn and were randomly assigned to receive aspirin (Ascal, 100 mg/ 
daily)) or aspirin (Ascal, 100 mg/daily) plus clopidogrel (300 mg 
immediatelyy at start, followed by 75 mg once daily for two addit ional 

days). . 

Clopidogrell therapy was started 12 hours before loss o f therapeutic 
enoxaparinn levels (i.e. started around the last administration of 
enoxaparin). . 

Anyy associated treatment was not dictated by the study protocol and was 
givenn at the discretion o f the patients' individual physician, but included 
beta-blockerss and i.v. nitroglycerin. 

Patientss underwent coronary angiography only if they developed severe 
refractoryy ischemia. 
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Bloodd sampling 

Bloodd samples were collected before the first clopidogrel dose (i.e. before 
stopp o f enoxaparin), 12 hours after the last enoxaparin administration and 
3,6,9,12,24,488 hours thereafter. The time point at 12 hours after last 
enoxaparinn dose corresponds to loss o f therapeutic enoxaparin levels and is 
referredd here as time=0 or time o f stopping. 

Thee sampling frequency was based on previously published data showing a 
reboundd prothrombotic state and reactivation o f events approximately 5 to 
100 hours after heparin discontinuation (7,1 2-13,1 7). 

Bloodd <;amnles were obtained through an i.v. infusion system which was 
distall to other systems and not used for medication. At each sampling, the 
firstt 2 ml blood was discarded, and 10 ml was collected in citrated 
Vacutainerr tubes (4.5 ml. cit. Na - 0.105 M Silic. 1-10). Blood was 
centrifugedd at 4000 rpm for 20 minutes at 6 . Plasma was separated, 
pooledd and filled in cryocups and frozen at - 80 C until analysis was 
performed.. These procedures were completed within one hour after blood 
sampling. . 

Assays s 

Quanti f icat ionn o f prothrombin fragment 1+2 (F1+2)» thrombin-
ant i thrombinn complexes (TAT) was performed by sandwich-type ELISA 
assayss (Dade-Behring, Marburg, Germany). Upper normal values o f these 
markerss were for F-|+2 1.6 nmol /L, TAT 4.6ug/L. 

Statisticall Analysis 

Too determine differences between time points within a treatment group, a 
non-parametricc test (Wilcoxon Signed Ranks Test) was performed for each 
o ff the 8 time points relative to the time o f loss o f enoxaparin treatment (i.e. 
122 hours after the last enoxaparin administration) (time 0). For 
comparisonss between the two groups, a non-parametric independent 
sampless test (Mann-Whitney U) was calculated. All statistical analyses 
weree performed with SPSS 10.0.7 .No formal repeated measurements 
analysess could be performed because the data were not normally 
distributed. . 

Results s 

Tablee 1 presents baseline characteristics. 
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TableTable I - Baseline characterstics. 

Aspirinn alone group Clopidogrel group 

Female/malee (n/n) 5/5 1/9 
Agee (yrs) 58 66 
Weightt (kg) 83 83 
Diabetess (%) 10 0 
Smokingg (%) 44 37 
Hypertensionn (%) 40 37 
Hyperlipidemiaa (%) 60 62 
Previouss stable angina 22 25 

(%) ) 
Priorr myocardial 33 25 
infarctionn (%) 
Previouss PTCA (%) 11 12 
Priorr CABG (%) 0 0 
Previouss aspirin use (%) 66 65 

Thrombinn generation 

Inn the last 12 hours o f enoxaparin therapy, F-|+2 levels were stable and 
comparablee between the aspirin-alone and clopidogrel groups (Figure 7). 

Inn the aspirin-alone group, enoxaparin discontinuation resulted in a rapid 
increasee o f F1+2 3 hours after stopping (from 0.78+0.16 nmol /L to 

55 nmol/L, p=0.04),. This increase persisted at 6 hours 2 
nmol /L,, p=0.01), 12 hours 9 nmol /L , p=0.008) and reached a 
maximumm level at 24 hours after stop (1.0810.78 nmol/L, p=0.01). 

Inn the clopidogrel group, a similar increase o f plasma F1+2 levels was 
observedd 6 nmol /L, at baseline), although not significant at 3 
hourss 7 nmol/L, p=0.09), 6 hours 6 nmol/L, p=0.09), 
andd 12 hours 3 nmol /L, p=0.09). At 24 a maximal level o f 

88 nmol /L was reached which was significantly higher than baseline 
(p=0.02).. Clopidogrel patients had lower F1+2 values at all t ime points up 
too 24 hours after stopping, though differences between groups did not 
reachh statistical significance. At 48 hours after treatment discontinuation, 
F1+22 levels in both groups were at similar levels. 
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FigureFigure 7 - Median prothrombin fragments 1 +2 (F-[+2) plasma levels rSEM at different time points 
duringg and after hepainn treatment. Hour - 1 : on heparin; hour 0: twelve hours after last 
enoxaparinn dose. 
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Thrombin-ant i thrombinn complex formation 

TATT levels in the clopidogrel and aspirin alone were similar and stable 
duringg the last 12 hours o f enoxaparin therapy {Figure 2). 

Thee aspirin-alone group showed a rapid increase o f TAT levels from 
baselinee values o f 2 ug/L to 3 [ig/L at 3 hours (p=0.14), 
persistingg to rise to 0 ug/L at 6 hours (p=0.02), to 5 j jg / 
LL at 1 2 hours (p=0.01), with a maximum level o f 4 pg/L at 24 
hourss after discontinuation o f enoxaparin (p=0.04). 

Thee clopidogrel group showed no increases o fTAT levels during the first 48 
hourss after enoxaparin cessation. Significantly lower TAT levels at 12 hours 
weree observed in clopidogrel as compared to aspirin patients (5.9+15.7 
pg/Lvss 5 pg/L respectively, p=0.03). At 48 hours, TAT levels were 
similarr in both groups with levels comparable with pre-treatment values. 
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22 - Median thrombin-antithrombin (TAT) plasma levels M at different time points during 
andd after hepairin treatment. Hour - 1 : on heparin; hour 0: twelve hours after last enoxaparin 
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FigureFigure 3 - Median thrombin generation times (TGT) +5EM at different time points during and after 
hepairinn treatment. Hour -1 : on heparin; hourO: twelve hours after last enoxaparin dose. 
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Thrombinn Generation Time 

Bothh groups showed identical TGT levels in all t ime points (Figure.3).TGT 
valuess reduced from 1 seconds during enoxaparin therapy to 

11 seconds at t=0 hours (p=0.01). The TGT further decreased in the 

fol lowingg hours and reached stable levels at 1 2 hours o f 190 seconds which 
remainedd so up to 48 hours. 

D i s c u s s i o n n 

ifnss sLuuy snows tnat cnoxapann cessation results in a rapivj increase of 
coagulationn activity as soon as 3 hours after loss o f therapeutic 
anticoagulationn levels and that this rebound state can be partially 
decreasedd by the addit ion o f clopidogrel. Patients on clopidogrel showed a 
lesss pronounced reactivation in coagulation activity, as reflected by absent 
increasess o f TAT complexes in contrast to the clear rise observed in aspirin-
alonee patients. In both groups an increase o f F1+2 was observed, reaching 
maximumm values at 24 hours. In our precedent data, dalteparin treated 
patientss showed maximum rebound levels o f F1 +2 and TAT already at 6 to 
122 hours after loss o f therapeutic drug levels' ', possibly caused by 
differencess between these LMWHs. 

Previouss studies. Rebound ischemia was firstly described by Theroux et 
al '' ' , who found a clustering of reactivation events within the first 24 hours 
afterr heparin discontinuation. This study additionally showed that rebound 
ischemiaa was reduced, though not prevented, by the administration o f 
aspirin.. Similarly, the PURSUIT study' ' showed that platelet inhibit ion 
withh CJ PI I b/ Ilia, inhibitors on top o f aspirin further reduced the incidence o f 
clinicall rebound in relation to heparin cessation. Noteworthy, 40% o f all 
clinicall ischemic events in the week fol lowing heparin cessation occur 
wi thinn 24 hours after stop, with an absolute incidence o f approximately 
2.5% (5 ). . 

Potentiall mechanisms. If rebound coagulation and platelet activation are 
responsiblee for recurrent ischemic events after UFH or LMWH 
discontinuation,, the antiplatelet effects o f clopidogrel might avoid or 
reducee this phenomenon. Recently, it has been found that the clinical 
benefitss observed during long term treatment with clopidogrel on top o f 
aspirinn in ACS patients' \ was not the result o f a reduction in platelet or 
coagulationn markers, which were stable and comparable with aspirin alone 
treatment'' '. However, this study did not investigate these markers in the 
firstt 24-48 hours immediately fol lowing heparin discontinuation when 
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reboundd phenomenon has been shown to occur'6"7 ,11 ' . Platelet activation 
andd recruitment play a pivotal roll in ACS pat ients '1 3 ' and elevated blood 
levelss o f P-selectine, a procoagulant and proinf lammatory adhesion 

molecule,, have been found in the first 72 hours after onset o f symptoms 
(17-18)) ' r 

Activatedd platelets have been clearly shown to be involved in the 
pathophysiologyy o f the progression o f A C S ' 1 3 ' . One mechanism involves 
directt interactions and st imulation o f endothelial cel ls '1 9 ' that would 
favourr their conversion to a prothrombot ic and proinf lammatory 
phenotype.. It could be speculated that, by reducing platelet reactivity with 
clopidogrel,, a decreased platelet stimulation on endothelial cells occurs, 
resultingg in a more ant i- thrombotic endothelial surphace wi th higher 
capabilityy in TFPI release and higher expression o f thrombomodul in . 

Directt effects o f heparin on platelets could favour the rebound 
phenomenonn and, indeed, heparin treatment has been shown to cause 
platelett activation and platelet hyperresponsivity to platelet activators such 
ass ADP ( '. While this phenomenon remains incompletely understood, 

itt can be postulated that the stimulation o f platelets by heparin might 
persistt well after heparin treatment is stopped, resulting in rebound 
activationn o f coagulation. 

Moreover,, lower levels o f natural anticoagulants such as tissue factor 
pathwayy inhibitor (TFPI) or decreased activity in the protein C pathway 
couldd favor a procoagulant state, possibly resulting in thrombosis. Indeed, 
itt was found that thrombin generation increases progressively after 
heparin,, and correlates inversely with TFPI concentrations, suggesting that 
tissue-factor-mediatedd coagulation is a contributing factor to rebound 
ischemia11 ' '. Although in-vitro studies have found heparin to reduce the 
affinityy o f thrombin for thrombomodul in and the rate of protein C 
activation'' " \ one study in ACS patients could not detect low protein C 
activityy in relation to rebound coagulat ion '6 ' . 

Inn this study, we observed a different pattern between F1+2 and TAT 
increasess in the clopidogrel group. Where F1+2 levels followed a cl imbing 
patternn up to 24 hours, TAT levels remained stable. 

Thiss could suggest that the thrombin formed in clopidogrel patients has a 
lowerr affinity for ant i thrombin and possibly has a higher aff inity for other 
molecules.. Although thrombin interactions with the platelet glycoprotein 
lbb are transiently inhibited during hepar in ' 2 5 ' , no effects o f clopidogrel on 
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thee platelet surface have been described that might favour thrombin-
platelett interactions. 

Summary.. Increase in coagulation activity, manifested as a raise in 
thrombinn generation, occurs within hours after discontinuation of LMWH 
treatment.. Clopidogrel may reduce this coagulation reactivation, and this 
mightt partially account for the clinical benefits observed to aspirin 
treatmentt in ACS patients. 
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