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1. Introduction

At present, two types of stent have been licensed for clinical practice, namely Bara
metal stent (BMS) and Drug-eluting stent (DES). DES, most commonly
sirolimus-eluting stents and polymer-based paclitaxel-eluting stents, are now widely
used during Percutaneous coronary intervention (PCI), and have largely replaced
BMS to treat a variety of native coronary artery and saphenous vein graft lesions.

DES represented a novel approach in stent technology and design. Local drug
delivery through the stent is used to inhibit intimal thickening by interfering with
different pathways involved in the development of inflammation, cell migration and
proliferation and/or secretion of the extracellular matrix. Both the drug and the
delivery vehicle must fulfill pharmacological, pharmacokinetic and mechanical
requirements. Current successful DES require a polymer coating for drug delivery.
Clinical trials examining several pharmaceutical agents, particularly sirolimus and
paclitaxel, have demonstrated marked reduction in restenosis following stenting.
Sirolimus (rapamycin, Rapamune®), is a natural macrocyclic lactone which acts as an
immunosuppressant by blocking calcium-dependent proliferation. Paclitaxel is a
taxane produced by Taxus brevifolia (Taxol®) which acts as a cytotoxic agent and is
used against many tumors. Both compounds block cell cycle progression and thus
inhibit smooth muscle cell proliferation.

The development of DES was one of the major revolutions in the field of
interventional cardiology. DES dramatically decrease coronary restenosis and the
subsequent need for repeat revascularization compared with BMS. One potential
mechanism for the reduction of restenosis incidence may be an attenuation of both the
local and systemic inflammatory response to PCI. DES effectively inhibit the
anti-inflammatory response after balloon induced arterial injury. Although, DES have
significantly reduced angiographic restenosis rate and have improved the clinical
outcome (Babapulle MN et al., 2004 and Hill RA et al., 2004). However, they have
also not been shown to reduce outcomes of death or myocardial infarction (MI)

(Versaci F et al., 2002). Late thrombosis and restenosis remains an important subject
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of ongoing research (Figure 1).

Endothelialized
struts

Restenosis

Partially endothelialized
struts

Thrombosis

Figure 1. Potential complications of coronary Stenting: Restenosis in a traditional bare-metal stent and late

thrombosis in a drug-eluting stent.

1.1 Complication of PCI

The most serious complication of PCI results when there is an abrupt closure of the
dilated coronary artery within the first few hours after the procedure. Abrupt coronary
artery closure occurs in 5% of patients after simple balloon angioplasty, and is
responsible for most of the serious complications related to PCI. Abrupt closure is due
to a combination of tearing (dissection) of the inner lining of the artery, blood clotting
(thrombosis) at the balloon or stent site, and constriction (spasm) or elastic recoil of

the artery at the balloon or stent site.

I.1.1 Stent thrombosis (ST)

Stent thrombosis (ST) is an uncommon but serious complication of coronary artery
stents that often presents as death or MI (Cutlip DE et al., 2001 and Orford JL et al.,
2002), usually with ST elevation. Coronary ST has remained a serious complication of
PCI (Urban P et al., 1998). Although early aggressive anticoagulation schemes were

associated with both unacceptably high rates of ST and bleeding complications
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(Serruys PW et al., 1994, Fischman DL et al., 1994 and Sigwart U et al., 1987), the
advent of dual anti-platelet aggregation (APA) therapy, which associates
acetylsalicylic acid (aspirin) with thienopyridines, especially clopidogrel (Plavix®)
had salutary effects on both adverse events (Urban P et al., 1998, Schomig A, et al.,
1996, Bertrand ME et al., 1998, Leon MB et al., 1998 and Bertrand ME et al., 2000).
Despite dual APA therapy, however, ST persists at a rate of 0.5-2% (Cutlip DE et al.,
2001, Orford JL et al., 2002, Taniuchi M et al., 2001, Mueller C et al., 2003 and
Karrillon GJ et al., 1996) in elective cases, and up to 6% in patients with ACS (Orford
JL et al., 2002 and Karrillon GJ et al., 1996). Longer stent length, number of
implanted stents (Cutlip DE et al., 2001 and Orford JL et al.,, 2002), stent
malapposition (Uren NG et al., 2002), and residual dissections (Cutlip DE et al., 2001
and Moussa I et al., 1997) have been reported to increase the risk for ST. Reduced
(TIMI) flow (Moussa I et al., 1997), individual gene polymorphisms (Kastrati A et al.,
2000), and resistance to the APA effects of aspirin (Gum PA et al., 2003) and/or
thienopyridines (Barragan P et al., 2003 and Gurbel PA et al., 2003) are additional risk

factors.

I.1.1.1 Risk factors for ST at different time points
The classification of ST distinguishes between:

* Acute stent thrombosis (AST) < 24 hours.

* Subacute stent thrombosis (SST) 24 hours to 30 days.

* Late stent thrombosis (LST) >30 days.

* Very late stent thrombosis (VLST) >12 months
AST: AST that usually occurs within minutes to hours after stent implantation, is a
rare but severe complication of PCI. Important risk factors include - technical and
procedural factors, whether aspirin and clopidogrel (Plavix®) were given early
enough, and co-morbidity like diabetes and renal failure. If AST occurs after stent
implantation despite a loading dose of clopidogrel, a clinician should consider
whether the patient has failed to correctly adhere to the treatment regimen, whether

the patient is in a hypercoagulable state, or whether drug resistance is present.
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SST: invariably due to anti-platelet regiments, aspirin or clopidogrel resistance.
Technical factors play fewer roles than in AST, although stent malposition is a factor.
Co-morbidities like previous brachytherapy are important. Accidental withdrawal of
clopidogrel is also a risk factor.

LST: usually due to APA regimen mismanagement, and co-morbidities, it is almost
unheard of with BMS. Several mechanisms for the LST observed after DES stenting
have been postulated: a local drug effect which delays endothelialization or results in
the formation of a dysfunctional endothelium, a hypersentivity or inflammatory
reaction to the polymer (Virmani R et al.,, 2004). Other predictors are stent

underexpansion and residual reference segment stenosis (Fujii K et al., 2005).
VLST : VLST is more frequent with DES than with BMS. Most VLST are associated

with discontinuation of anti-platelet agent because of dental or other non-cardiac
surgery.

The reasons for the frequency of LST or VLST in the population treated with DES
remain incompletely understood. The presence of endothelial dysfunction and delayed
healing were often describedin cases of LST or VLST in DES-treated lesions
(Virmani R et al., 2004). The mechanism seems to be related to the delay in the
healing process. It may also be related to late hypersensitivity reaction and consequent
inflammatory changes predisposing to stent thrombosis even years after initial
deployment. These hypotheses are based upon histological characterization of tissue
responses in animal studies revealing arrest of the healing process and presence of
inflammatory cells as a part of this delayed healing. In addition to this phenomenon,
delayed-type hypersensitivity reaction to the polymer and localized hypersensitivity
vasculitis within the stented segment could have contributed to the adverse long-term
clinical outcome. Some clinical features such as premature discontinuation of
anti-platelet therapy, diabetes, lower ejection fraction, bifurcation lesions, and stent
under-expansion have been identifiedas independent predictors of VLST (Karvouni E
et al., 2005, McFadden EP et al., 2004 and lakovou I et al., 2005). LST or VLST

usually occurs within days to months after aspirin and clopidogrel discontinuation,
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and appears more closely related to discontinuation of aspirin (Karvouni E et al., 2005,

and Iakovou I et al., 2005).

I.1.1.2 Clinical evidence of ST

Numerous reports have described the occurrence of ST after DES implantation
(Pfisterer ME et al., 2006 and Ong AT et al., 2005). However, the true incidence of ST
may be underestimated in clinical trials and might occur at substantially higher rates in
the "real-world" setting, where more complex lesions are treated. Using DES, the rate
of AST and SST seems to be similar to that observed after using BMS. It remains
below 1% for both BMS and DES, and the mechanisms underlying the AST and SST
after BMS and DES are very similar (Moreno R et al., 2005 and Bavry AA et al.,
2005). However, after DES implantation, recent studies have highlighted the
increased incidence and potential adverse clinical significance of LST and VLST,
compared with those that occur after BMS. In the BASKET-LATE study, the rates of
LST were higher in the DES group (2.6% in DES group vs. 1.3% in BMS group) and
major adverse cardiac events due to LST were also higher in the DES group (4.9% in
DES group vs. 1.3% in BMS group, respectively) (Pfisterer M et al., 2006). In a
meta-analysis of 9 trials involving 5,261 pateints, increased rates of VLST were found
both for SES (0.6%vs. 0%, p = 0.025) and PES (0.7% vs. 0.2%, p = 0.028), compared
with BMS over 4 yr of follow-ups (Stone GW et al., 2007). Similarly, a metaanalysis
of 14 trials on 4,958 patients, with follow-ups ranging up to 59 months, showed an

increased rate of VLST with SES (0.6% vs. 0.05%, p = 0.02) (Kastrati A et al., 2007).

1.1.2 Pathophysiology of ST

1.1.2.1 Procedure-related factors

Among the procedure-related factors, smaller final lumen dimensions (stent
malapposition and/or underexpansion), stent length, persistent slow coronary blood
flow, placement of multiple stents, positive remodeling, dissections, geographic miss,

and late stent malapposition due to thrombus resolution appear to be most important
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for the development of in-stent thrombosis (Cutlip DE et al., 2001, Orford JL et al.,
2002, Moussa I et al., 1997, Kereiakes DJ et al., 2004, Schuhlen H et al., 1998,
Cheneau E et al., 2003, Chieffo A et al., 2004 and Park DW, et al., 2006). Also, in
DES, stent length, stent underexpansion, and residual stenosis have been observed to
correlate with an increased risk for ST (Fujii K, et al., 2005 and Park DW, et al., 2006).
These factors are of great interest because they can be avoided during the intervention,

but they are unlikely to differ between BMS and DES.

1.1.2.2 Patient- and lesion-related factors

Several patient-related factors have been associated with the development of in-stent
thrombosis, whatever the type of stent, including low ejection fraction (Moussa I et al.,
1997), diabetes mellitus (Silva JA et al., 1999), advanced age (Schuhlen H et al.,
1998), and stenting in the setting of an Acute coronary syndromes (ACS) (Park DW et
al., 2006). Similarly, in DES, primary stenting in Acute myocardial infarction (AMI),
diabetes mellitus, renal failure, and low ejection fraction appear to be associated with
an increased risk for ST (Karvouni E et al., 2005, Ong AT et al., 2005, Park DW et al.,
2006 and Kuchulakanti PK et al., 2006). In particular, the increased risk in patients
with ACS seems to be associated with delayed healing, lack of endothelialization, and
presence of a pronounced inflammatory and thrombogenic environment of the
exposed necrotic core to flowing blood, accompanied by enhanced platelet reactivity;
furthermore, rapamycin and paclitaxel potentiate thrombin-induced expression of
tissue factor (TF).

Certain lesion characteristics have been reported to be associated with an increased
risk of ST. In DES, this pertains in particular to stenting of bifurcation lesions or
in-stent restenosis lesions (Karvouni E et al., 2005, Ong AT et al., 2005 and
Kuchulakanti PK et al., 2006). In addition, interventional practice has changed. It now
advocates "normal to normal" coronary artery stenting and revascularization of more

complex lesions that thus carry a higher risk of ST.

1.1.2.3 APA therapy
16



Stents are foreign bodies in the vessel wall and thus induce platelet adhesion and
activation of the coagulation cascade. Furthermore, high-pressure implantation with
noncompliant balloons induces significant vascular injury, with exposure of
thrombogenic molecules of the subintima and media (including plaque material) to the
blood stream. As a consequence, only potent platelet aggregation inhibition has made
the procedure feasible. Hyporesponsiveness to APA drugs has been associated with an
increased risk for ST (Wenaweser P et al., 2005). In line with this observation,
discontinuation of APA therapy has been observed to be particularly associated with
DES thrombosis (McFadden EP et al., 2004, Pfisterer ME et al., 2006 and Eisenstein
EL et al., 2006). The appropriate duration of the long-term APA regimen for the
prevention of DES thrombosis remains to be assessed in randomized prospective trials;
at present, a course of 12 months of dual APA therapy may be considered, especially
in high-risk patients treated in the Intensive Care Units of the Departments of

Cardiology.

1.1.2.4 Thrombogenicity of the Stent

A predisposition for the development of ST has been observed with certain stent
materials; for example, platelet activation was greater during the 30 days after
implantation of an open-cell versus a closed-cell stent (Gurbel PA et al., 2002). Stent
strut thickness and polymer type and thickness also play an important role. It was
shown that the non-erodable polymers of the Cypher and Taxus DES provoked
chronic infiltration of the arterial wall by eosinophils, suggestive of hypersensitivity
reactions in a small number of cases (Joner M et al., 2006 and Nebeker JR et al.,
2006). However, the causal relationship between polymer-induced inflammation and
the incidence of LST has only been proven in a minority of patients who had a
proinflammatory phenotype. Detailed analysis of the morphological changes in these
patients showed a localized immune response, with predominance of CD45-positive
lymphocytes and of eosinophils. In fact, Joner et al ((Joner M et al., 2006) reported
that all cases of hypersensitivity occur more than 4 months after DES implantation.

The preclinical experience in a pig model also showed a progressive development of
17



granulomatous reactions, including eosinophilic infiltrate, starting at 28 days after
Cypher stent implantation: at 1 month, 14%; at 3 months, 43%; at 6 months, 60%
(Lischer TF et al., 2007). One possible explanation of these findings is that the
hypersensitivity reaction peaks after the complete release of the drug and is likely
related to the polymer. In addition, positive remodeling has been observed in vessels,
which evokes a hypersensitivity reaction.

Furthermore, drugs loaded on DES may exert a prothrombogenic effect. Rapamycin
(sirolimus) is used on DES, because it is known to inhibit proliferation and migration
of vascular smooth muscle cells, important factors in the development of neointima
formation and restenosis, through interference with cell cycle regulators (Marx SO et
al., 1995 and Poon M et al., 1996). At a subcellular level, rapamycin binds to the
FK-506 binding protein 12 and subsequently inhibits the “mammalian target of
rapamycin”(mTOR). mTOR is a downstream component of the phosphatidylinositol-3
kinase pathway, and its blockade influences the regulation of the TF of the coagulation
cascade (also called thromboplastin, factor III or CD142) in endothelial cells and
monocytes (Steffel J et al., 2006, Steftel J et al., 2005 and Guha M et al., 2002). As a
result, rapamycin inhibition of the mTOR increases both thrombin- and tumor necrosis
factor (TNF-)-alpha—induced endothelial TF expression and activity at concentrations
of rapamycin that are encountered in vivo (Figure 2, Steffel J et al., 2005).

Paclitaxel is a lipophilic diterpenoid that binds to the B-subunit of the tubulin
heterodimer, promoting tubulin polymerization, cell cycle arrest, and, eventually,
inhibition of vascular smooth muscle cell migration and proliferation (Crown J et al.,
2000 and Sollott SJ et al., 1995). In addition, paclitaxel is known to activate c-Jun
NH,-terminal kinase (Wang TH et al., 1998 and Stahli BE et al., 2006), an important
mediator of endothelial and monocytic TF induction (Steffel J et al., 2006, Guha M et
al., 2002 and Steffel J et al., 2005). Consequently, paclitaxel was also shown to
enhance TF expression and activity in endothelial cells (Stahli BE et al., 2006). Again,
concentrations used in this in vitro study are comparable with local tissue
concentrations of paclitaxel after stent deployment (Finn AV et al., 2005).

In sirolimus-eluting stents, approximately, 80% of the rapamycin has eluted by 30
18



days, whereas paclitaxel-eluting stents have a biphasic drug release profile in vitro
with an initial burst during the first 48 hours after implantation followed by a
sustained low-level release for at least 2 weeks (Halkin A et al., 2004). However, both
rapamycin and paclitaxel easily penetrate into cells of the vessel wall owing to their
lipophilic properties, which leads to chronic retention of the drug in the arterial tissue

(Kereiakes DJ et al., 2004, Finn AV et al., 2005 and Suzuki T et al., 2001).

Paclitaxel

Figure 2. Rapamycin and paclitaxel increase tissue factor (TF) expression. Paclitaxel enhances c-Jun
NH2-terminal kinase (JNK) phosphorylation, which in turn leads to an increase in TF protein expression
and TF surface activity. The PI3-kinase and its downstream target, the mammalian target of rapamycin
(mTOR), inhibit endothelial TF expression; rapamycin inhibits the mammalian target of rapamycin, which
leads to a disinhibition of (and thus an increase in) TF expression and surface activity. MKKs indicates map

kinase kinases (upstream regulators of JNK); PI-3K, phosphatidylinositol-3 kinase.

Thus, both rapamycin- and paclitaxel-induced TF expression may contribute to a
prothrombotic environment after deployment of DES, particularly in the acute and
subacute setting and possibly in LST (Figure 2). In vitro, rapamycin and paclitaxel
not only inhibit proliferation and migration of vascular smooth muscle cells but
equally suppress endothelial cells proliferation and migration (Joner M et al., 2006,
Marx SO et al., 1995, Poon M et al., 1996, Guba M et al., 2002, Matter CM et al.,
2006 and Parry TJ et al., 2005), thereby potentially impeding reendothelialization
(Figure 3, Steftel J et al., 2005).

Most of the studies regarding the potential pathophysiological events that lead to
increased ST after DES stenting have been performed in vitro and/or in animal

experiments. Little is known about the relevance of the disclosed mechanisms to the
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real situation of stented patients. The aim of our study was thus to examine the level
of TF expression in the arterial wall after deployment of DES and its spatiotemporal
pattern. The relevance of various hemostasis markers to our purpose will be first
discussed as well as the reason why we selected a panel of markers which should

allow us to analyse the mechanisms of thrombosis occurring after coronary stenting.

Sirolimus
Paclitaxel

Figure 3. DES reduces neointima formation but may increase stent thrombogenicity. Effect of
sirolimus-eluting/paclitaxel-eluting stent strut on the local vessel wall after implantation.
Sirolimus/paclitaxel reduces neointima formation by inhibiting vascular smooth muscle migration and
proliferation (green arrows). However, the drugs also inhibit reendothelialization, induce tissue factor (TF),

and may prevent homing and proliferation of endothelial progenitor cells (EPCs; red arrows/bars).

1.2 Hemostasis in coronary artery disease (CAD) and PCI

Hemostasis is the protective physiological response to vascular injury that results in
exposure of blood components to the subendothelial layers of the vessel wall. Arterial
thrombosis results from endovascular injury and, to a lesser extent, alterations in
hemostatic equilibrium. Although multiple hereditary and acquired hemostatic risk
factors have been described in the pathophysiology of venous thrombosis, the degree
and type of abnormalities that contribute to arterial thrombosis are less well

understood. Markers of haemostatic activation can be used as tools to identify patients
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with prethrombotic or thrombotic states, or to analyse the mechanisms of thrombosis
occurring in various cardiovascular conditions such as CAD and during PCI
procedure.

PCI inevitably causes vessel trauma, with disruption of the endothelium and of the
atheromatous plaque. Several studies have demonstrated that vessel injury during
percutaneous revascularization exposes underlying collagen and TF, which activate
platelets and the extrinsic coagulation cascade (Ong AT et al., 2005, Gasperetti CM et
al., 1993, Korovesis S et al., 2000, Borries M et al., 1999, Mizuno O et al., 2001,
Namiki A et al., 2004, Inoue T et al., 2000 and Losordo DW et al., 1992). However,
most of the previous studies only focused on hemostatic marker changes that occurred
in coronary circulation following balloon angioplasty or BMS implantation (Fischell
TA et al., 1988, Gasperetti CM et al., 1993, Korovesis S et al., 2000, Borries M et al.,
1999, Mizuno O et al., 2001, Namiki A et al., 2004, Inoue T et al., 2000, Losordo DW
et al.,, 1992, Vaitkus PT et al., 1995, Fuster V et al., 1985 and Ip JH et al., 1991).
These studies demonstrated that arterial wall injury caused by PCI triggers transient
platelet activation leading to localized thrombosis and distal embolisation.
Althoughprevious studies reported changes in platelet activation, and/or coagulation
or fibrinolysis activation in the coronary circulation during PCI (Gasperetti CM et al.,
1993, Korovesis S et al., 2001, Borries M et al., 1999, Mizuno O et al., 2001, Namiki
A et al., 2004, Inoue T et al., 2000, Vaitkus PT et al., 1995, Marmur JD et al., 1994,
Gregorini L et al., 1997 and Inoue T et al., 1996) data are not very consistent since
several authors did not find any changes in local hemostatsis activation in this setting
(Oltrona L et al., 1996 and Shammas NW et al., 1994).

The thrombotic event is an acute process thought to be triggered by TF interaction
with activated factor VIIa (FVIIa) and almost certainly influenced by haemostatic
factors, such as prothrombin fragments 1+2 (F1+2), fibrinogen (FIB), fibrinolytic
factors and reactivity of the platelets. Therefore, thrombus formation in the coronary
arteries involves several factors including, 1) thrombin formation followed by platelet
activation, 2) coagulation activation, and 3) fibrinolytic activation. For this reason,

markers of platelet activation, thrombin formation and fibrinolytic activation must be
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selected in order to study hemostatic activation during PCI procedure. Hemostasis is
closely related to inflammatory processes which may also play a role in occurrence
and/or extension of thrombosis; thus, inflammation and its markers must also be taken

into account.

1.2.1 Platelet activation

Platelet activation, coronary thrombosis, and ACS are intimately entwined. Platelet
activity is noticeably increased following ACS (Trip MD et al., 1990, Sarma J et al.,
2002), and PCI (Kabbani SS et al., 2001), and numerous studies have demonstrated
that platelet activation plays an important role in thrombus formation in various
clinical settings, resulting in unfavorable clinical outcomes (Yip HK et al., 2004 and

Schomig A et al., 1996).

1.2.1.1 P-Selectin (CD62P)
Platelet associated P-selectin (CD62P) is a 140-kDa glycoprotein that is present in the

a-granules of platelets and translocates rapidly to the cell surface after platelet
activation (Hsu-Lin S et al., 1984). CD62P, in healthy individuals, has been suggested
to originate from the alternatively spliced form found in endothelial cells and platelets
(Johnston GI et al., 1990) and can be found in the plasma as a circulating protein
(Dunlop LC et al., 1992). In vivo, two main physiological roles are attributed to the
integral membrane form of CD62P. First, in inflammation, CD62P is redistributed
onto the surface of activated endothelial cells where it mediates the rolling of
leukocytes (Mayadas TN et al., 1993). Second, in thrombosis, CD62P expressed on
activated platelets present in a thrombus supports the recruitment of leukocytes
(Palabrica, T et al., 1992).

Elevated levels of CD62P may reflect platelet activation (Fijnheer R et al., 1997)
because P-selectin is proteolytically shed from the plasma membrane in vivo shortly
after activation (Berger G et al., 1998 and Michelson AD et al., 1996). Therefore,
plasma levels of CD62P have been considered to be a useful tool to predict
thrombotic consumptive platelet disorders (Chong BH et al., 1994, Blann AD et al.,

2001 and Smith A et al., 1999), but they can also reflect endothelial cell activation
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(Frijns CJ et al., 1997 and Verhaar MC et al., 1998). As CD62P mediates rolling of
platelets on activated endothelial cells and interaction of activated platelets with
neutrophils and monocytes, it is generally considered to be the gold standard marker
of platelet activation (Michelson AD et al., 1999). An experimental study has shown
that CD62P-deficient mice exhibit a slightly prolonged bleeding time, as well as an
increased hemorrhagic response in a local Shwartzman reaction (Subramaniam M et
al., 1996), suggesting that CD62P could also play a role in hemostasis.

CD62P may thus play a role in thrombosis by promoting platelet aggregation
(Merten M et al., 2000) and by inducing a procoagulant state (Andre P et al., 2000).
Increased plasma levels of CD62P have been observed in various cardiovascular
disorders, including unstable angina where it can be used as a marker of plaque
destabilization (Ikeda H et al., 1995). Increased plasma CD62P levels were also
observed in acute MI (Shimomura H et al., 1998), and even in patients with coronary
artery spasm (Kaikita K et al., 1995), or stable angina (SA) (Furman MI et al., 1998).

These findings suggest an important role of CD62P in arterial thrombosis.

1.2.1.2 Soluble glycoprotein V (sGPV)

A new thrombosis marker, soluble glycoprotein V (sGPV), has recently been
evaluated in patients with CAD. sGPV is restricted to platelets and is non-covalently
linked to the GPIb-IX complex, a receptor for von Willebrand factor (VWF) at the
platelet surface (Modderman PW et al., 1992). The exact function of sGPV in primary
hemostasis is still unknown but it has been proposed to modulate collagen- and
thrombin-dependent platelet responses (Moog S et al., 2001). sGPV is cleaved after
exposure of platelets to thrombin, and also by endogenous metalloproteases produced
during platelet activation (Rabie T et al., 2005). Although there is no simple
relationship between thrombin-induced hydrolysis of sGPV and platelet activation
(McGowan EB et al., 1983 and Jandrot-Perrus M et al., 1987), it is suggested that the
measurement of sGPV reflects activation of platelets in vivo and may be a useful
marker for the diagnosis of thrombosis or prothrombotic states (Fujimura K et al.,

1992). sGPV has been evaluated in humans as a thrombosis marker in atherosclerosis
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(Blann AD et al., 2001) and MI (Morel O et al., 2004). However, there have been no

reports of the early change of sGPV in the coronary circulation after DES or BMS.

1.2.2 Coagulation activation

In the current view of physiological blood coagulation, the formation of fibrin can be
initiated through either of two converging cascades: the extrinsic pathway and the
intrinsic pathway (Figure 4, Wilcox JN et al., 1989). Under pathologic conditions, at
sites of vessel injury, bleeding is minimized by the formation of a hemostatic plug
consisting of platelets and fibrin. The traditional view of the regulation of blood
coagulation is that the initiation phase is triggered by the extrinsic pathway, whereas
amplification requires the intrinsic pathway. The extrinsic pathway consists of the
transmembrane receptor TF and plasma factor (F) VII/VIla , and the intrinsic pathway
consists of plasma FXI, FIX, and FVIII.

Coagulation involves sequential activation of a family of coagulation factors, and
results in the conversion of fibrinogen into fibrin monomers; which cross-link to
stabilize the platelet-rich thrombus and to form a solid clot. Among coagulation
factors, thrombin is a very unstable and easily degraded substance that cannot be
measured directly. Conversely, activated TF, FVIIa and Prothrombin fragments 1+2

(F1+2) are which can be selected for our study.

1.2.2.1 Tissue factor (TF)

TF, formerly known as thromboplastin, is a 47-kDa protein expressed in both vascular
and nonvascular cells. In the vessel wall, TF is constitutively expressed in
subendothelial cells such as vascular smooth muscle cells leading to rapid initiation of
coagulation when the vessel is damaged (Figure 4). TF has long been known as a key
initiator of the coagulation cascade. The coagulation cascade is initiated as soon as TF
comes into contact with circulating activated factor VII (VIla), resulting in the
TF-FVIIa complex. This binary complex proteolytically activates factor IX and X,
triggering the downstream coagulation pathway (Carson SD et al.,, 1993). The
ultimate events of this cascade are thrombin generation and thrombin-catalyzed events,

as well as activa- tion of factors V and VIII, formation of fibrin and activation of
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factor XIII, which lead to thrombus formation and stabilization (Figure 5).
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Figure 4. Initiation of the coagulation protease cascade by the TF-FVIIa complex. TF is a transmembrane
glycoprotein that localizes FVII/FVIIa to the cell surface. The substrates FIX and FX are proteolytically
cleaved by FVIIa to form proteolytically active FIXa and FXa. The prothrombinase complex (FVa:FXa)
activates prothrombin (PT). Thrombin activates various proteases and cofactors. Thrombin cleavage of
fibrinogen to soluble monomers (SFM), which are cross-linked by FXIIla, and activation of

protease-activated receptors (PARs) on platelets leads to the formation of a clot.
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Figure 5. Tissue factor: A key regulator of coagulation. Tissue factor (TF) is a key initiator of the
coagulation cascade. Formation of a complex with factor VIIa (FVIIa) leads to activation of factor IX (FIX)
and factor X (FX), resulting in thrombin generation and, ultimately, clot formation. Tissue factor pathway
inhibitor (TFPI), the endogenous inhibitor of TF activity, is synthesized and secreted mainly by endothelial

cells. TFPI binds to FXa and thereby inhibits TF/FVIIa activity.
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In atherosclerosis, TF is expressed by macrophage-derived foam cells within
atherosclerotic plaques. (Wilcox JN et al., 1989). Moreover, TF expression is higher
in atheroma from patients with unstable angina compared to those with stable angina
(Annex BH et al., 1995). These results strongly suggest that high levels of TF exposed
upon plaque rupture trigger thrombosis and myocardial infarction (Figure 6).
Inhibition of TF would thus be expected to reduce thrombosis associated with a

variety of diseases.

Adventitial
cells

fibrous cap lipid-rich core

Figure 6. Role of TF in thrombus formation after rupture of an atherosclerotic plaque. TF expressed by
foam cells (orange) and in the necrotic core (yellow) of the plaque would be exposed to clotting factors in the
blood and initiate clotting after plaque rupture. In addition, blood-borne TF may contribute to thrombus
propagation. TF is constitutively expressed by adventitial cells (blue). EC, endothelial cells; SMC, smooth

muscle cells.

It is unclear whether or not TF plasma levels are increased after PCI, as some
groups found an increase whereas others did not (Tutar E et al., 2003). In one clinical
study, PCI in patients with stable or unstable coronary disease resulted in elevated
soluble TF levels measured in the coronary sinus after 4 h. This was accompanied by
increased levels of thrombin—antithrombin complexes after 24 h (Mizuno O et al.,

2000). It is conceivable that plaque dissection caused by balloon dilation may lead to
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exposure of the plaque content to the blood stream and thereby increase TF plasma
levels. TF induction in vascular smooth muscle cells may importantly contribute to
thrombosis associated with arterial intervention. However, this increase was not
observed in the study by Marco et al., who did not find significant changes in plasma
levels of TF and thrombin—antithrombin complexes after angioplasty in patients with
stable and unstable angina (Marco J et al., 2000).

DES are covered with pharmacological agents, which, once released into the
coronary artery after stent deployment, inhibit vascular smooth muscle cell
proliferation and thereby restenosis. As shown above, and in contrast to reduced
restenosis rates, however, the frequency of ST has not decreased with DES as
compared with BMS (Iakovou I et al., 2005). Rapamycin, used for stent coating,
increases endothelial TF expression, which suggests a potential role for this drug in
the development of SST (Steffel J et al., 2005). As this effect on TF expressionis not
observed with FK-506, another agent used on DES, at least in vitro, application of
FK-506-eluting stents may provide a more favorable environment for the prevention
of in-stent thrombosis (Steffel J et al., 2005). However, additional studies are needed
to assess the implications of these findings in vivo. Platelet activation is a crucial
event in the pathogenesis of thrombus formation. The use of platelet receptor
antagonists such as clopidogrel has indeed reduced the incidence of ST, whereas
withdrawal of APA therapy favors thrombus formation (Mizuno O et al., 2000).
Clopidogrel inhibits the release of TF from aggregating platelets, which is of
particular importance, as platelet aggregation and secretion are increased in human
platelets treated with rapamycin (Leon C et al., 2004). Therefore, it will be of great
interest to study the dynamic interaction between rapamycin and platelet activation as
well as the spatio-temporal pattern of TF expression in the arterial wall after

deployment of DES.

1.2.2.2 Activated factor VII (FVIIa)

FVII is a vitamin K—dependent protein that plays an importantrole in the initiation of

TF-induced coagulation. Most FVII circulates in the plasma as a zymogen of the
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serine protease FVIIa (Osterud B., 1984, Fair DS., 1983 and Hagen FS et al., 1986). In
the presence of TF, native FVII is converted into its activated two-chain form, FVIla.
This reaction can be catalyzed by several coagulation proteases, including FXa, FIXa,
FXIlIa, thrombin, and FVIla. The TF-FVIla complexes rapidly cleave FIX and FX in
their active forms and may cause thrombin generation and fibrin clots. Therefore,
when cell-surface TF is exposed to plasma, low levels of FVIla may serve a "priming"
function for "triggering" the clotting cascade (Morrissey JH., 1995).

There is increasing evidence of an important role for TF and FVIIa in the initiation
of blood coagulation via the so-called extrinsic coagulation pathway (Figure 4).
However, FVIla possesses very little activity unless it is complexed with TF, its
essential protein cofactor (Nemerson Y., 1988). Because FVII must be proteolytically
activated to be functional, attention has been focused on its mechanism of activation
during initiation of the clotting cascade. A variety of plasma proteases, including
factors 1Xa, Xa, XIla, and thrombin, are capable of converting FVII to FVIla, and the
rate of FVII activation is enhanced dramatically in the presence of TF (Nemerson Y et
al., 1985). Recently, FVIla itself has been reported to activate FVII in the presence of
TF (Nakagaki T et al., 1991). Termed “FVII autoactivation”, this process has been
proposed as an additional means by which active TF-FVIla complexes can be
generated (Nakagaki T et al., 1991 and Neuenschwander PF et al., 1992).

Therefore, FVIIa is a mediator of biological importance (Scarabin PY et al., 1996),
particularly atsites where blood may come into contact with TF, e.g., atherosclerotic
plaques (Wilcox JN et al., 1989) or prothrombotically activated endothelium (Colucci
M et al., 1983). Clinical and epidemiological data suggest that FVII may be involved
in the pathogenesis of CAD. Plaque disruption followed by exposure of TF to blood
and further binding of TF to circulating FVII resulting in activated FVIla and
subsequent initiation of the coagulation cascade, is considered to be the major cause

of thrombosis in acute MI (Fuster V et al., 1992).

1.2.2.3 Prothrombin fragment 1+2 (F1+2)

Prothrombin is cleaved by the prothrombinase complex into two peptides, the active
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thrombin and the prothrombin fragment 1+2 (F1+2). Since we cannot measure
thrombin itself, then measurement of F1+2 would be an excellent marker of thrombin
generation, since F1+2 is not generated in vivo by any other mechanism. Fragment
1+2 has a half-life of about 1 hour and is cleared from the bloodstream by the liver.
An ELISA assay for F1+2 is available which allows the laboratory to provide data in a
timely manner and thus may actually helpclinicians to determine if a patient is in a
hyper coagulable or prethrombotic state. As a sensitive marker of intravascular
thrombin formation, F1+2 has clinical utility for assessing thrombotic risk and
monitoring efficacy of anticoagulant therapy (Pelzer H et al., 1991 and Hafner G et al.,
1992). Monitoring of FI+2 has proven useful in assessing risk for cardiovascular
disease, and FI1+2 is increasingly used as a hemostatic marker in multicenter
epidemiologic investigations. The serum F1+2 concentration exceeds normal range
only in severe hypercoagulable states (Oltrona L et al., 1996 and, Marmur JD et al.,
1994) and Haude et al (Haude M et al., 1995) showed that the F1+2 concentration
was the most specific and useful predictor of SST. In addition, if a patient with
elevated values is treated with anticoagulant drugs (heparin or coumadin), F1+2
measurement can be used to follow the efficiency of the treatment. After
discontinuation of therapy, F1+2 serial measurements (e.g.: at 2 wks, 4 wks, 8 wks)

may detect recurrence of hypercoagulability in such patients.

1.2.3 Fibrinolysis activation

The fibrinolytic system is of considerable interest in CAD as part of the natural
defense against thrombosis as well as a putative factor in the atherosclerotic process
(Hamsten A et al., 1994). Impaired fibrinolysis is considered to be a risk factor for
CAD and MI (Hamsten A et al., 1994). Disturbances of fibrinolysis have been found
in cross-sectional studies of patients with MI (Johnson O et al., 1984) and angina
pectoris (ECAT Angina Pectoris Study Group., 1993).

Contributing to the pathophysiology of thrombus formation is an altered balance
between the fibrinolytic and procoagulant systems (Figure 7, Kohler HP et al., 2000).

This hemostatic imbalance may be a consequence of an impaired fibrinolytic system
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that acts in concert with either enhanced procoagulantor impaired anticoagulant forces
to form a thrombus. Fibrin deposition and lysis must be balanced to maintain and
remold the hemostatic seal during repair of an injured vessel wall. The fibrinolytic
system dissolves fibrin by means of plasmin, a proteolytic enzyme. Fibrinolysis is
activated by plasminogen activators released from vascular endothelial cells.
Plasminogen activators and plasminogen from plasma bind to fibrin. Plasminogen
activators catalyze cleavage of plasminogen, creating plasmin (Figure 7).

The suppression of fibrinolysis due to high plasma concentrations of
plasminogen-activator inhibitor type 1 (PAI-1) and increased plasma concentrations of
factor VII, FIB, and von Willebrand factor are associated with the development of MI
(Thompson SG et al., 1995). In addition, high concentrations of tissue plasminogen
activator (t-PA) and D-dimer (DD) increase the risk of MI (Ridker PM et al., 1994).
PAI-1 is a fast-acting inhibitor of plasminogen activation. It is produced by the
vascular endothelium but is also present in platelets and is considered to be an

important regulatory element in fibrinolysis (Kruithof EKO et al., 1987) (Figure 7).

1.2.3.1 D-dimers (DD)

D-dimers are (DD) produced as a result of plasmin activity on cross-linked fibrin
polymers. Thus, DD indicate the activity of both thrombin and plasmin and are
specific for fibrinolysis (Stokol T et al., 2003). DD are effective in detecting both
intravascular and extravascular cross-linked fibrin by-products (Berghaus G et al.,
1999 and Wada H et al., 1999). It has been suggested that DD are a more sensitive
and specific diagnostic test for disseminated intravascular coagulation (DIC) than the
traditional fibrinogen degradation products (FDP) assays as they detect the presence
of freshly formed fibrin clots and concurrent proteolytic degradation of particulate
clots (Asakura H et al., 2006, Gupta PK et al., 2005, Berghaus G et al., 1999, Bick R
et al., 1992, Griffin A et al., 2003 and Dempfle C., 1991). DD assays are readily
available and considered to be economical, non-invasive, rapid, and easy to perform
(Berghaus G et al., 1999, Bick R et al., 1992, Dempfle C., 1991 and Stokol T et al.,

2000).
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Figure 7. The Coagulation and Fibrinolytic Pathways. The main coagulation reactions are divided into the
intrinsic and extrinsic systems. Activation of factor XII on contact with a negatively charged surface
initiates the intrinsic coagulation system. (The activated form of the factor is indicated by “a.”) The
extrinsic coagulation system induces the formation of a complex composed of factor VII and tissue factor,
which is released after tissue injury. Some of these reactions depend on calcium ions. Thrombin is formed
by an enzyme complex called prothrombinase, composed of factor X, factor V, negatively charged
phospholipids, and calcium ions. Intrinsic and extrinsic activation of the coagulation cascade leads to the
generation of thrombin, the activation of fibrinogen, the release of fibrinopeptides, the formation of soluble
fibrin, and finally, the formation of factor XIII-mediated, cross-linked, insoluble fibrin. The main
fibrinolytic reactions involve the inhibition of fibrinolysis by plasminogen-activator inhibitor type 1 (PAI-1)
and a,-antiplasmin. Fibrinolysis is initiated by tissue plasminogen activator (t-PA), urinary-type
plasminogen activator (u-PA), and plasmin. Plasmin bound to the surface of fibrin initiates the lysis of
insoluble, cross-linked fibrin, with the subsequent generation of fibrin-degradation products. Plasmin
bound to the surface of fibrin is better protected from inhibition by a,-antiplasmin than is plasmin

generated in the fluid phase.
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In addition to this, they can be run on citrated blood, thus decreasing the number of
venipunctures and amount of blood drawn from individuals suspected of a
coagulopathy (Stokol T., 2003). As stated above, they are a sensitive and specific
indicator of DIC, however, it must be kept in mind that DD are also detected in
patients with localized thrombosis, internal hemorrhage, MI, and ischemic stroke, as
well as post-operatively (Nelson OL et al., 2003, Haapaniemi E et al., 2008, Koch HJ
et al., 2005, Gutiérrez A et al., 2001 and Ridker PM et al., 1994).

Recently, fibrin DD, the degradation product of crosslinked fibrin, has gained
increasing interest for several reasons. First, it can be considered as a global marker of
the turnover of cross-linked fibrin and of activation of the hemostatic system (Lowe
GDO et al., 1999). Second, in contrast to several other markers of hemostasis, DD
assays are more stable and more practical to measure and therefore may be more

suitable for routine clinical and epidemiological purposes (Lip GYH et al., 1995).

1.2.3.2 Fibrinogen (FIB)

FIB, a dimeric glycoprotein synthesized by the liver, is a major constituent of platelet
aggregate and is converted by thrombin to form the fibrin clot. FIB may contribute to
atherosclerrosis and thrombosis by increasing blood coagulabity, plasma viscosity,
platelet aggregability, and by promoting fibrin deposition in the vessel wall (Andreotti
F et al., 1999).

Elevated FIB levels are considered to be an important risk factor for the
development of cardiovascular events (Wilhelmsen LSK et al., 1984, Kannel WBWP
et al., 1987 and Yarnell JW et al., 1991). There is also a relationship between FIB
levels and the extent of angiographically evaluated coronary atherosclerosis (ECAT
angina pectoris study., 1993, Broadhurst P et al., 1990 and Handa K et al., 1989). The
prognostic influence of elevated FIB levels in ACS has already been identified (Toss
H et al.,, 1997, Haines AP et al., 1983 and Cristal N et al., 1983). Furthermore,
atherosclerosis is considered to be a chronic inflammatory disease of the vessel wall
(Harker LA et al., 1978) and FIB belongs to the inducible “acute phase proteins of

inflammation”. These observations suggest that FIB may also playan important role as
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an inflammatory factor in the development of CAD. The links between
coagulation/fibrinolysis and inflammation, and their subtle interplay in CAD and its
treatment are examined below. Because of this ambiguous role of FIB, the
mechanisms by which it contributes to atherogenesis remain unclear and hypothetical.
They may be related to fibrin formation, platelet aggregation, inflammation, migration,
and or the proliferation of vascular smooth muscle cells (Schwartz RS et al., 1994,
Schwartz SM et al., 1995, Raymond J et al., 1999 and Kawasaki T et al., 2001).
Interestingly and elegantly, Kawasaki et al (Kawasaki T et al., 2001) showed that
early or delayed FIB depletion reduced neointimal formation using a mouse carotid
artery ligation model and suggested that the persistent presence of fibrin remains
crucial for neointimal formation. Pathologically, even 64 days after coronary stenting
in patients with CAD, the lesion showed traces of fibrin. This fibrin was considered to
be a remnant of a previous thrombus (within the neointima close to the luminal
surface) (Komatsu R et al., 1998). This observation is a good illustration of the
persistent presence of fibrin. Although elevated FIB levels after coronary balloon
angioplasty have been reported as a risk factor for the development of restenosis
(Montalescot G et al., 1995 and Benchimol D et al., 1993), there is little clinical data
available concerning the relationship between FIB levels at the time of the procedure
(“procedural FIB levels”) and intracoronary thrombosis events before and after
coronary stenting. Therefore, among the objectives of this study, we intended to
evaluate the relationship between procedural FIB levels, which is considered to be an
important factor in the processes of coagulation in SA patients undergoing PCI, and

further occurrence of stenosis.

1.2.3.3 Plasminogen activator inhibitor type-1 complexes (PAI-1)
PAI-1, a member of the SERPIN family, is the main inhibitor of tissue- and

urokinase- type plasminogen activators and one of the major determinants of
fibrinolysis (Pannekoek H et al., 1986) (Figure 8, Kohler HP et al., 2000). The main
fibrinolytic components of plasma are plasminogen, op-antiplasmin, t-PA, and

urinary-type plasminogen activator (U-PA) (Kohler HP et al., 2000) (Figure 8). When
ry-type p g ( g
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platelets are stimulated by thrombin, PAI-1 is released on the platelet surface,
protecting a blood clot from premature lysis. This mechanism causes a rapid local
increase in the PAI-1 concentration in the circulation (Sprengers ED et al., 1986).
Thrombin also stimulates the synthesis of PAI-1 in endothelial cells (Gelehrter TD et
al., 1986). Platelet-rich arterial thrombi are more readily lysed by t-PA in mice with a
deficiency of PAI-1 than in normal mice, suggesting that the inhibition of PAI-1 may

improve the outcome of thrombolysis (Zhu Y et al., 1999).
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Figure 8. Activation and inhibition of the fibrinolytic pathway. t-PA circulates in plasma as a complex with
PAI-1 in a 1:1 ratio. The fibrin clot provides the surface on which the reactions occur. Plasminogen is
activated by t-PA or u-PA. Plasminogen, t-PA, and fibrin form a ternary complex that promotes the
formation of plasmin and the subsequent lysis of cross-linked fibrin into low-molecular-weight fragments
(fibrin-degradation products). PAI-1 also binds to fibrin and, when bound, retains its inhibitory activity

against t-PA. a,-Antiplasmin is cross-linked to fibrin by factor XIII.

The importance of the fibrinolytic system as a regulator of fibrin deposition in the
vessel wall raises the question of the role of perturbations in this system in the
development of vascular disease. In theory, at least, a decrease in fibrinolysis due to

high plasma PAI-1 concentrations might be expected to result in an increase in the
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deposition of fibrin and subsequent formation of a thrombus. High plasma PAI-1
concentrations are indeed associated with various thrombotic disorders (Margaglione
M et al., 1994 and Thogersen AM et al., 1998) and are an independent risk factor for
reinfarction in patients who have had a first M1 before the age of 45 years (Hamsten A
et al., 1985). There is an association between the presence of CAD and low plasma
fibrinolytic activity due to increased plasma PAI-1 concentrations (Francis RB Jr et al.,

1988).

1.2.3.3.1 PAI-1 and the progression of vascular disease

There is evidence that high plasma PAI-1 concentrations are associated with the
progression of coronary syndromes and the development of MI. High plasma PAI-1
concentrations predict subsequent MI in patients with SA (Held C et al., 1997) and are
associated with angiographic evidence of progressive CAD in young men with a
history of MI (Bavenholm P et al., 1998). In addition, a genetic polymorphism in the
promoter region of the PAI-1 gene has been associated with both high plasma PAI-1

concentrations and unstable angina (UA) (Iwai N et al., 1998).

1.2.3.3.2 PAI-1 in vessel walls and plaques

Atheromatous material obtained at the time of coronary atherectomy in patients with
type 2 diabetes mellitus contains more PAI-1, as detected by immunohistochemical
studies, than atheromatous material from patients without diabetes (Sobel BE et al.,
1998). Similarly, levels of PAI-1 messenger RNA (mRNA) are higher in severely
atherosclerotic arteries than in normal arteries (Schneiderman J et al., 1992). These
findings indicate that increased expression of the PAI-1 gene in the arterial wall,
leading to increased amounts of PAI-1 in plaques, may facilitate thrombotic events

after plaques rupture.

1.2.3.3.3 Relationship between PAI-1 and cardiovascular risk factors
That the fibrinolytic system in general, and PAI-1 in particular, play a role in the
development of CAD is supported by the biologic characteristics of PAI-1 and the

association between high plasma PAI-1 concentrations and other cardiovascular risk
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factors. Plasma concentrations of PAI-1 are lower during the day than at night
(Angleton P et al., 1989), and it has been proposed that the higher incidence of MI in
the early morning hours could be due to higher plasma PAI-1 concentrations, and

therefore lower fibrinolytic activity, at night (Andreotti F et al., 1988).

1.2.3.3.4 Relationship between PAI-1 and PCI procedure

In principle, elevated PAI-1 would favour reduced action of tPA, in the vessel wall
both during disease development and fibrin deposition. There is evidence from
experimental and interventional studies (Anderson KM et al., 1991 and Sobel BE et
al., 1998) that increased PAI-1 levels are associated with atherosclerotic progression.
In addition, PAI-1 and t-PA directly influence thrombus formation and degradation
and thus risk for arterial thrombosis. Several studies have suggested the existence of
an increase in PAI-1 levels immediately after PCI (Muldowney JA 3rd et al., 2007 and
Huber K et al., 1992), although other studies reported a decrease of PAI-1 in this
setting (Prisco D et al., 2001 and Maresca G et al., 1999).

1.2.3.4 Tissue plasminogen activator (t-PA)

Activation of the fibrinolytic system, which is responsible for the dissolution of a
fibrin clot through the conversion of plasminogen into the active protease plasmin,
also depends on another key proteins, t-PA, a pivotal activator of plasminogen, the
main endothelial cell derived blood activator of the fibrinolytic system. Intravascular
fibrinolysis is initiated by t-PA that converts plasminogen to plasmin. The main
physiological regulator of the activity of t-PA is PAI-1, which resides in the
circulation both in plasma and in platelet alpha-granules.

Both retrospective and prospective studies have found associations between high
t-PA levels and MI (Ridker PM et al., 1993, Carter AM et al., 1998 and van der Bom
JG et al., 1997). Other studies have found similar links with CAD as well as with
stroke (Ridker PM et al., 1993, Carter AM et al., 1998). Although it was initially
thought that high t-PA antigen levels may be related to a reduced risk, it is now
considered that these conflicting findings may reflect the complex pathogenesis of

CAD/MI and that high t-PA levels are definitely associated with an increased risk
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(van der Bom JG et al., 1997 and Jansson JH et al., 1993). Increased t-PA plasma
levels have also been observed in patients with a history of venous thrombo-embolism

(VTE) (Gram J et al., 1995).

1.2.4 Polymorphisms in fibrinolytic system genes

Hemostasis does play a role in arterial thrombotic disease (ATD). However,
establishing which of the factors are actually “risk factors” has proven surprisingly
difficult. Because of its technical simplicity and digital nature, the study of the
polymorphisms of the genes which code for coagulation/fibrinolysis proteins as risk
factors has grown in popularity. In addition, there is currently great interest in
defining the genetic influences in ATD. Knowledge of genetic risk factors will help
define the mechanisms of disease and could ultimately assist in the rational design of
selective prophylaxis or therapy.

Family studies suggest that plasma PAI-1 and t-PA levels are influenced by genetic
factors (Pankow JS et al., 1998). Previous studies usually investigated the effects of
non-genetic and genetic factors individually on plasma levels of t-PA or PAI-1 in
relatively small populations at high-risk for thromboembolic events (Mansfield MW
et al., 1995, Juhan-Vague I et al., 1993 and Toft I et al., 1997). In addition to clinical
and angiographic characteristics, genetic factors may contribute to the risk of in-stent
thrombosis. Comparing local fibrinolysis activation following stent implantation and
testing for possible associations between PAI-14G/5G gene polymorphism and
thrombotic events after coronary artery stenting might be helpful in analyzing the
thrombogenicity of the stent and its coating.

The human PAI-1 gene is located on chromosome 7 and contains nine exons and
eight introns (Strandberg L et al., 1988). Several polymorphisms have been described
within the gene, including a cytosine-adenine (CA)n dinucleotide repeat, a HindlIII
restriction-fragment—length  polymorphism, and a common single-base-pair
polymorphism (four or five guanine bases) in the promoter region of the gene, 675 bp
upstream of the transcriptional start site (4G/5G) (Dawson S et al., 1991). Subjects

who are homozygous for the 4G allele (4G/4G genotype) have plasma PAI-1
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concentrations that are approximately 25 percent higher than those of subjects who
are homozygous for the 5G allele (5G/5G genotype) (Eriksson P et al., 1995). In vitro
studies have identified differential binding of transcription-regulating proteins at this
site. Increased gene transcription is associated with four guanine bases (the 4G allele),
and results in the binding of a transcriptional activator alone, whereas with five
guanine bases (the 5G allele), there is also binding of a repressor protein that
decreases the binding of the activator (Dawson S et al., 1991 and Eriksson P et al.,
1995) (Figure 9, Kohler HP et al., 2000). The transcriptional regulation of the PAI-1
4G allele by triglyceride (Eriksson P et al., 1998) may account for the involvement of
the PAI-1 genotype in the pathogenesis of CAD. Studies of the relation between the
PAI-1 genotype and MI have provided some hints that this may be the case, although
overall, the relation is weak. In a study of patients undergoing coronary angiography,
the 4G allele was significantly associated with high plasma PAI-1 concentrations, and
the 4G allele was most strongly associated with previous MI in the patients with
established atheroma (Ossei-Gerning N et al., 1997). In a study of 1179 normal
subjects and their firstdegree relatives, the 4G allele was associated with a significant
risk of MI (Margaglione M et al., 1998 and Onalan O et al., 2008). A small study
found that the 4G allele was related to the development of ACS (Iwai N et al., 1998);
however, two large studies, the Etude Cas-Témoin de I’Infarctus du Myocarde (Ye S
et al., 1995) and the Physicians’ Health Study (Ridker PM et al., 1997) found no
relation between genotype and MI. In a study of 2565 subjects who underwent
coronary angiography for diagnostic purposes, the PAI-1 genotype was related to the
presence of atheroma in the overall sample and to the severity of atheroma in a
subgroup of high-risk subjects (Gardemann A et al., 1999), although there was no
relation between the PAI-1 genotype and a history of MI. These findings must be
considered in the context of the difficulties in estimating the atheroma burden
accurately by standard angiographic techniques. The functional characteristics of the
4G/5G polymorphism and its apparent interaction with serum triglyceride
concentrations suggest that the 4G allele is more likely to contribute to MI in the

presence of hypertriglyceridemia associated with insulin resistance than in its absence.
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A recent meta-analysis of all the relevant studies showed a marginally significant
effect of PAI-1 genotype on MI (lacoviello L et al., 1998). In addition, the 4G/5G
genotype has been related to the risk of in-stent restenosis after coronary stent

implantation (Sakata K et al., 1996).
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Figure 9. Structure of the gene for Plasminogen-Activator Inhibitor Type 1 (PAI-1) and of the site of the
4G/5G polymorphism in the promoter region. The 4G/5G polymorphism at position -675 influences
transcription and therefore plasma PAI-1 concentrations. Differential binding of transcription-regulating
proteins at this site has been identified. Increased gene transcription is associated with four guanine bases
(the 4G allele) and results in the binding of a transcriptional activator alone, whereas with five guanine

bases (the 5G allele), there is also binding of a repressor protein that decreases the binding of the activator.
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II. Early changes in local hemostatic activation following PCI: a

comparison between DES and BMS

I1.1 Objectives of the study

An increased risk of ST has previously been reported following DES implantation as
compared to BMS (Iakovou I et al., 2005, Daemen J et al., 2007, Jeremias A et al.,
2004, Babapulle MN et al., 2004, Stone GW et al., 2007, Moreno R et al., 2005 and
Bavry AA et al., 2005). The incidence of AST ranges from 0.1% to 3% (Chieffo A et
al., 2004, Alfonso F et al., 2004 and Scheller B et al., 2001). Despite the increasing
use of less thrombogenic stent surfaces, combined with the administration of dual
APA therapy, AST has been reported to be responsible for 60 to 70% of death and 20
to 25% or more of nonfatal MI (Daemen J et al., 2007, Babapulle MN et al., 2004,
Stone GW et al., 2004, Moreno R et al., 2005 and Bavry AA et al., 2005). Hence, even
if LST has gained increasing interest in the DES era, the importance of AST remains
high, as patients with early ST are at risk of recurrent MI and ST, predictive of late
major cardiac events. For this reason, our study focused on AST.

The mechanisms of AST are not fully understood. PCI, that damages endothelium
and fractures atheromatous plaque, activates local hemostasis, leading to platelet
activation and thrombin formation. Potential enhanced platelet aggregation might be
responsible for DES thromboses that occur early after stent implantation (Gyongyosi
M et al., 2006 and Babinska A et al., 1998). This may be due to retention of eluted
drugs in the arterial tissue (Liischer TF et al., 2007). In addition, several factors are
involved in the pathogenesis of in-stent thrombosis. These include procedure-related
factors such as mechanical vessel injury or incomplete stent apposition, patient-related
factors such as vessel size or coagulation activity, and finally, the thrombogenicity of
the stent itself (Honda Y et al., 2003). However, early changes in hemostatic markers
following DES implantation have never been reported. Whether the drugs used for
stent coating could be involved in the development of in-stent thrombosis has not been
explored either (Honda Y et al., 2003). Thus, comparison of local hemostasis
activation following DES and BMS implantation might be helpful in analyzing the
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thrombogenicity of the stent and its coating.

Family studies suggest that plasma PAI-1 and t-PA levels are influenced by genetic
factors (Pankow JS et al., 1998). Previous studies usually investigated the effects of
non-genetic and genetic factors individually on plasma levels of t-PA or PAI-1 in
relatively small populations at high-risk for thromboembolic events (Mansfield MW
et al., 1995, Juhan-Vague I et al., 1993 and Toft I et al., 1997). The 4G/5G genotype
has been related to the risk of MI (Boekholdt SM et al., 2001), sudden cardiac death
(Anvari A et al., 2001), transplant CAD (He JQ et al., 2002), and in-stent restenosis
after coronary stent implantation (Ortlepp JR et al., 2001). Recently, an Alu-repeat
insertion/deletion (I/D) polymorphism in the t-PA gene was found to be associated
with increased MI risk (van der Bom JG et al., 1997). In addition to clinical and
angiographic characteristics, genetic factors may contribute to the risk of in-stent
thrombosis. However, no data are available on a potential risk of
coagulation/fibrinolysis gene polymorphisms in this situation. Thus, there is currently
great interest in defining the genetic influences in ATD, knowledge of genetic risk
factors will help define the mechanisms of disease and could ultimately assist in the
rational design of selective prophylaxis or therapy.

Therefore, we investigated the early changes in local intracoronary hemostasis
following DES and BMS implantation in patients with SA or silent ischemia under
dual antiplatelet and anticoagulant pretreatment. In addition, the present analysis was
also performed to test for possible associations between the PAI-14G/5G gene
polymorphism and early change in local intracoronary hemostasis following PCI
procedures. Local levels of hemostasis markers were assayed at various time points
before and after stent implantation. In addition, early local hemostasis response was
compared before and after DES and BMS implantation to assess whether DES would

induce earlier thrombogenicity than BMS.

I1.2 Results and personal publications
The results obtained in this prospective study of intra-coronary hemostatic changes
after DES and BMS stenting are given in the publication “Early changes in local
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hemostasis activation following percutaneous coronary intervention in stable
angina patients: a comparison between drug-eluting and bare metal stents” (J
Thromb Thrombolysis, DOI 10.1007/s11239-008-0266-2).

The relationship between gene polymorphism of PAI-1 and changes in
intra-coronnary hemostasis parameters in the same patients is given in the publication
“Relationship between plasminogen activator inhibitor-1 (PAI-1) 4G/5G gene
polymorphism and early local hemostatic activation in patients with percutaneous
coronary intervention procedures” [J Intervent Radiol, 2007;16(9):584-588 (in
Chinese)]

Other personal publications from the PhD thesis studies:

“Early Local Intracoronary Platelet Activation after Drug-Eluting Stent Placement™
[Chin Med J, 2007;120(22):1986-1991].

“Comparison of early effects of baremetal stent and drug-eluting stent implantation
on intra-coronary loca | tissue factor levels following percutaneous coronary
intervention for stable angina” [Chin J Intervent Cardiol, June 2008, Vol 16, Nol 3

(in Chinese)].
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Abstract Background Early change in local intracoro-
nary hemostasis following drug-eluting (DES) and bare
metal stent (BMS) implantation has never been assessed in
stable angina patients. Methods Markers of local platelet
activation (soluble glycoprotein V [sGPV] and P-Selectin
[CD62P]), coagulation activation (tissue factor [TF], pro-
thrombin fragments 1 + 2 [F1 4 2] and activated factor
VII [FVIIa]) and fibrinolysis markers (D-dimers [DD],
fibrinogen [FIB], tissue plasminogen activator [t-PA], and
plasminogen activator inhibitor type-1 complexes [PAI-1])
were determined in 20 patients with stable angina who
underwent percutaneous coronary intervention (PCI). All
patients were pretreated with clopidogrel, aspirin, and en-
oxaparin. Systematic balloon predilation was performed
before DES (9 patients) and BMS (11 patients) implanta-
tion. All blood samples were drawn 10-20 mm distal to the
lesion site. Results No significant changes in levels of
platelet activation markers occurred during PCI. There was
a transient significant increase in TF (14%; P = 0.004), in
F1 4+ 2 (40%; P = 0.001), and FVIIa (31%; P = 0.007)
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following angioplasty. Similarly, a significant 43%
increase was observed in DD levels following balloon
predilation, associated with an increase of 46%, 60%, and
70% in FIB, t-PA and PAI-1 levels, respectively (all
P < 0.0001). All these markers returned to baseline values
after stent implantation. No difference was observed
between DES and BMS. Conclusions Early changes in
local hemostasis activation following PCI, were related to
balloon predilation. Neither DES nor BMS increased
markers of platelet activation, coagulation, or fibrinolysis,
under dual antiplatelet and anticoagulant pretreatment.

Keywords
Balloon

Stents - Platelet - Coagulation - Fibrinolysis -

Introduction

Acute stent thrombosis (AST) is a rare but a severe com-
plication of percutaneous coronary intervention (PCI),
occurring usually within minutes to hours after stent
implantation, with an incidence ranging from 0.1% to 3%
[1-3]. Although it is not a common phenomenon, AST is
associated with a highly unfavorable prognosis [2, 4-7].
An increased risk of stent thrombosis has previously
been reported following drug-eluting stent (DES) implan-
tation as compared to bare metal stents (BMS) [7-14].
Potential enhanced platelet aggregation might be responsi-
ble for DES thrombosis that occurred early after stent
implantation [15, 16]. This may be due to retention of eluted
drugs in the arterial tissue [17]. However, early changes in
hemostatic markers following DES implantation have never
been reported. Comparison of local hemostasis activation
following DES and BMS implantation might be helpful in
analyzing the thrombogenicity of the stent and its coating.
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Therefore, we investigated the early changes in local
intracoronary hemostasis following DES and BMS
implantation in patients with stable angina or silent
ischemia under dual antiplatelet and anticoagulant pre-
treatment. Local levels of hemostasis markers were assayed
at various time points before and after stent implantation.
In addition, early local hemostasis response was compared
before and after DES and BMS implantation to assess
whether DES would induce earlier thrombogenicity than
BMS.

Methods
Patient population

Patients with stable angina pectoris or documented silent
ischemia, and undergoing elective stenting of a significant
coronary artery stenosis, were prospectively enrolled in the
study. Exclusion criteria included prior history of bleeding
diathesis, stroke within the last 3 months, accompanying
valvular disease, an ejection fraction <30%, severe heart
failure (New York Heart Association III, IV), acute coro-
nary syndrome (ST and non ST elevation myocardial
infarction) within the last 7 days, unstable angina, bifur-
cation lesion, multiple stent implantation, renal
insufficiency with creatinine levels of >3.5 mg/dl, active
neoplasia, and prior GP IIb/Illa inhibitor therapy. The
study protocol was approved by the local Ethics Committee
and informed consent was obtained for all patients enrolled
in the study.

Medication

All patients had received 75 aspirin daily for at least 4 days
before the procedure. Clopidogrel was administered at a
300 mg loading dose the day before the procedure. Low
molecular weight heparin (enoxaparin: 0.75 mg per kg of
body weight) was administered intravenously at the
beginning of the procedure.

Coronary angiography and PCI

PCI was performed by two experienced operators accord-
ing to standard practice using the Judkins approach
following right femoral artery puncture. With the patient
under local anesthesia obtained with 1% xylocaine, a
femoral artery was cannulated with a 6F sheath. Selective
coronary angiography was performed after the intracoro-
nary administration of nitroglycerin and at least five
standardized views of the left coronary artery and three
views of the right coronary artery were obtained. Patients
with diabetes mellitus, proximal left anterior descending
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stenosis, or reference vessel diameter <3.0 mm by visual
estimate were assigned to receive DES. All other patients
received BMS. Systematic high-pressure balloon predila-
tion was performed before DES or BMS implantation. The
stent diameter was recorded as the maximum final balloon
diameter as specified by the manufacturer. Stents were
deployed at >12 atmospheres.

Blood sampling

To detect local hemostasis activation at the lesion site during
PCI, a 6F EXPORT® aspiration catheter (Medtronic, Inc.,
USA) was advanced by monorail technique along the
guidewire and positioned 10-20 mm distal to the coronary
stenosis. Sets of blood samples were drawn from the coro-
nary ostium through the guiding catheter, before and at the
end of the procedure, and from the aspiration catheter placed
distal to the lesion before balloon angioplasty, 15 min after
balloon dilation, and 15 min after stent placement. This
procedure was accomplished in 45-50 min in all patients.
All blood samples were drawn slowly in all cases to mini-
mize hemostatic activation and were collected in a
vacutainer tube containing 3.8% trisodium citrate. All
samples were immediately put on ice and centrifuged at
3,500 rpm for 10 min at 4°C to obtain platelet-poor plasma,
then frozen at —80°C until the assays were performed. Initial
studies have shown that the catheter itself does not cause
artificial increase in levels of hemostasis markers [18].
Measurement of these markers in coronary artery circulation
has been shown to be much more sensitive in detecting
hemostasis activation than in venous blood [19, 20].

Biochemical determinations

To assess the level of platelet activation, levels of P-Selectin
(CD62P) and soluble glycoproteine V (sGPV) were mea-
sured. Activated factor VII (FVIIa), tissue factor (TF), and
prothrombin fragments 1 + 2 (F1 + 2) were measured to
assess coagulation activation. Similarly, levels of D-dimers
(DD), fibrinogen (FIB), tissue plasminogen activator (t-PA),
and plasminogen activator inhibitor type-1 complexes (PAI-1)
were measured to assess fibrinolysis activation.

Measurement of CD62P was performed by quantitative
sandwich immunoassay technique (R&D Systems human
sP-Selectin, GmbH, Germany), while sGPV was measured
by enzyme-linked immunosorbent assay (ELISA, Assera-
chrom sGPV kit, Diagnostica Stago, Asnieres, France). The
normal reference ranges for these two markers were 18—
40 ng/ml and 10-60 ng/ml, respectively.

FVIIa was measured by a prothrombin time-based
clotting test (using reagents from STACLOT® VIIa-rTF,
Diagnostica Stago, Asnieres, France; normal reference
range: 30-170 mU/ml). Plasma levels of TF were
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measured by sandwich ELISA (IMUBIND® Tissue Factor
ELISA Kit, American Diagnostica Inc (AD), France) of 1:4
diluted plasma samples. Our local laboratory considers the
normal range for TF antigen in healthy subjects to be
9.5 £ 11.5 pg/ml [21]. Determination of F1 + 2 was per-
formed by sandwich ELISA (Enzygnost® F1 4 2 micro,
Dade Behring, Germany) of diluted plasma samples (1:2)
to quantify the actual amount of thrombin formed. The
reference range for F1 + 2 was 0.4-1.1 nmol/l.

DD were measured using a VIDAS® D-dimer Exclusion
technique, a double-sandwich enzyme-linked fluorescent
assay (bioMérieux® SA, Lyon, France). A DD level
<500 ng/ml was considered negative. FIB was determined
using the clotting method of Clauss (The STA®-Fibrinogen®
kit, Diagnostica Stago, Asnieres, France; normal reference
range: 2.0-4.0 g/l). PAI-1 and t-PA were measured by
enzyme-linked immunosorbent assay (ELISA, Asserachrom
PAI-1 kit and Asserachrom t-PA kit, Diagnostica Stago,
Asnieres, France; normal reference range for PAI-1 and t-PA
were 4-43 ng/ml and 1-12 ng/ml, respectively). All refer-
ence values were established in larger groups of healthy
individuals at the time of the standardization of the assays.

Statistical analysis and power calculation

The primary hypothesis in the study was an expected
doubling of the TF levels following stent implantation as
compared to baseline values. This would require a mini-
mum of 20 patients, assuming a TF baseline value of
9.5 £ 11.5 pg/ml, and using a 5% one-sided significance
level and a beta-error of 0.20. This sample size would
allow the detection of a significant increase of 13.5 pg/ml
between the groups of DES and BMS.

Data were analyzed using the SAS System (version 8.2,
SAS Institute, Cary, North Carolina). Normality of

response was verified for all data. Data are expressed as
mean =+ sd. Differences in baseline characteristics were
analysed using the Mann Whitney test for continuous
variables. Categorical variables were characterized as
percentage and were compared using chi-square or Fisher’s
exact test. Comparisons for different sites and time points
were done using a paired #-test and ANOVA with repeated
measures for multiple comparisons. All tests were two-
sided. A value of P < 0.05 was considered statistically
significant.

Results
Baseline and clinical characteristics of study population

We prospectively screened 30 consecutive patients suffer-
ing from stable angina and undergoing elective stenting of
a significant coronary stenosis, between September 2006
and January 2007. Four patients were excluded because
they received multiple stents to treat a large dissection. The
final analysis included 20 patients, nine of whom were
treated with a DES (four paclitaxel-eluting stents [Taxus®,
Boston Scientific Corp, Natick, Massachusetts], and five
sirolimus-eluting stents [Cypher®, Cordis-Johnson and
Johnson, Miami Lakes, Florida]) and 11 of whom received
BMS [LibertéTM, Boston Scientific Corp, Natick, Massa-
chusetts]. The demographic and clinical characteristics of
the patients are summarized in Table 1.

Age, gender distribution, prior history of coronary artery
disease, angina class, and left ventricular ejection fraction
were similar in the DES and BMS groups. There were no
significant differences in cardiovascular risk factors
between the two groups, except for diabetes mellitus, since
all diabetic patients were treated with DES per protocol.

Table 1 Baseline clinical

- Clinical characteristics All patients DES BMS P value
characteristics of the study (n = 20) (n=09) (n=11)
population _ _ _
Age, years 65.7 £ 11.7 59.3 £9.89 654 £ 12.7 0.261
Male, n (%) 17 (85) 8 (89) 9 (82) 0.659
Diabetes mellitus, n (%) 6 (30) 6 (67) 0 (0) 0.001
Hypercholesterolemia, n (%) 15 (75) 7 (78) 8 (73) 0.194
Hypertension, n (%) 13 (65) 6 (67) 7 (64) 0.887
CAD = Coronary artery Current smokers, n (%) 11 (55) 5 (56) 6 (55) 0.964
disease; MI = myocardial . .
infartion: Family history of CAD, n (%) 5 (10) 2 (22) 3(27) 0.795
PTCA = percutaneous Previous MI, n (%) 2 (10) 1(11) 109 0.881
transluminal coronary Previous PTCA, n (%) 5(25) 2(22) 327 0.795
angioplasty; CABG = coronary  p 1 CABG, 1 (%) 2 (10) 1(11) 1(9) 0.881
artery bypass graft;
LVEF = left ventricular Stable angina, n (%) 11 (55) 5 (56) 6 (55) 0.964
ejection fraction. DES = drug- Silent ischemia, n (%) 9 (45) 4 (44) 5 (46) 0.964
eluting stent; BMS = bare LVEF, % 60.2 & 11.2 64.1 £ 8.50 56.9 + 12.4 0.157

metal stent
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Angiographic characteristics of study patients

The angiographic characteristics of the study patients are
displayed in Table 2. Stents were successfully implanted in
all patients. Stent length was 16.9 + 4.5 mm, and stent
diameter was 3.0 £ 0.4 mm in the overall population. No
acute or subacute stent thrombosis was observed during the
hospital stay. All parameters related to PCI were similar in
both groups.

Detection of procoagulant activity in coronary
circulation

Except for TF values, baseline levels of all hemostatic
markers were within the normal reference range, both in
the coronary ostium and distal to the lesion. Baseline TF
values were found to be three times higher than the upper
limit of the normal range. However, there were no signif-
icant differences when comparing baseline values at both
sites (Table 3).

Changes in hemostatic markers during PCI procedure
(Table 4)

In the whole study population (n = 20), the levels of
CD62P and sGPV did not change significantly after either
balloon predilation or stent implantation, when compared
with baseline values (Fig. 1).

Plasma levels of FVIIa, TF, and F1 + 2 significantly
increased distal to the lesion, 15 min after balloon predi-
lation, when compared with baseline levels. There was a
significant 31% increase in FVIla levels (P = 0.007) fol-
lowing balloon angioplasty. Similarly, TF and F1 + 2
levels significantly increased by 14% (P = 0.004) and 40%
(P = 0.001), respectively. All three markers decreased and
returned to baseline values 15 min after stent implantation
(FVIIa: 31%, P = 0.002, TF: 13%, P = 0.005 and F1 + 2:
38%, P = 0.004, respectively) (Fig. 2).

Similarly, the levels of all fibrinolysis markers increased
significantly distal to the lesion 15 min after balloon dila-
tion. There was a significant 43% increase in DD levels
following balloon predilation, associated with a significant
increase of 46%, 60%, and 70%, in FIB, t-PA and PAI-1
levels, respectively (all P < 0.0001). Again, all these
markers decreased and returned to baseline 15 min after
stent implantation (DD: 42%, P < 0.0001; FIB: 31%,
P = 0.0003; PAI-1: 60%, P = 0.0001; t-PA: 45%,
P = 0.0001; respectively) (Fig. 3).

Changes in hemostatic markers: comparison between
DES and BMS

There were no significant differences in the levels of local
hemostatic markers between the DES and BMS groups
(Table 5). Markers of platelet, coagulation, or fibrinolysis
activation showed similar levels, whatever the stent

Table 2 Angiographic

L Angio characteristics All patients DES BMS P value
characteristics of the study
- (n = 20) n=29 n=11)
population
Target coronary artery n (%)
LAD 4 (20) 2 (22) 2 (18) 0.678
RCA 7 (35) 3(33) 4 (36) 0.843
LCx 9 (45) 4 (44) 5 (45) 0.963
Lesion type*
A 3 (15) 2 (22) 19 0.578
B 14 (70) 6 (67) 8 (72) 0.647
C 3 (15) 1(11) 2 (18) 0.562
Preprocedure
Lesion length (mm) 9.41 £ 4.50 9.61 £4.23 9.25 £ 494 0.560
LAD = left ante.rior descending Stent length (mm) 16.9 £ 4.50 17.5 £ 6.20 16.4 £ 4.61 0.487
artery; RCA = right coronary MLD (mm) 1.00 + 0.28 1024021 099+034  0.185
artery; LCx = left circumflex
artery; MLD = minimum RVD (mm) 2.63 £ 0.60 2.49 £ 0.51 2.74 £ 0.67 0.672
lumen diameter; DS (%) 60.7 £ 6.46 58.8 &£ 5.27 624 £ 7.12 0.532
RVD = reference vessel Postprocedure
diameter; DS = diameter MLD (mm) 2.64 + 0.40 261 4 045 2.68 & 0.37 0.753
stenosis. DES = drug-eluting
stent; BMS = bare metal stent RVD (mm) 2.88 £ 042 2.87 £ 0.46 2.88 £ 0.40 0.975
* = According to the Balloon inflation pressure (atm) 13.3 £ 2.30 13.2 + 1.81 13.5 £ 191 0.573
classification of the American Stent inflation pressure (atm) 14.2 £ 2.00 144+ 1.71 14.3 £ 1.90 0.450
College of Cardiology- DS (%) 889+ 3.17 9124428 8694208 0289

American Heart Association
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Table 3 Baseline levels of hemostatic activation markers

Ostium Lesion P value
preballoon preballoon
(n = 20) (n = 20)
Platelet activation
CD62P (ng/ml) 28.9 £ 8.47 29.5 £9.02 0314
sGVP (ng/ml) 512 £ 127 49.7 £+ 10.2 0.313
Coagulation activation
FVIIa (mU/ml) 332 £ 129 334 £ 129 0.519
TF (pg/ml) 31.5 £ 7.05 31.4 £ 7.30 0.748
F1 + 2 (nmol/l) 0.75 +£ 0.28 0.77 £ 0.31 0.145
Fibrinolysis activation
DD (ng/ml) 499 £ 293 493 £ 294 0.498
FIB (g/) 3.03 + 0.62 2.96 £+ 0.50 0.419
PAI-1 (ng/ml) 109 + 3.22 10.7 £ 3.21 0.689
t-PA (ng/ml) 104 + 3.10 10.3 +£2.92 0.737

Ostium preballoon = before balloon angioplasty at coronary ostium;
Lesion preballoon = before balloon angioplasty 10-20 mm distal to
the lesion; CD62P = antibody P-selectin; sGPV = glycoprotein V;
FVIla = activated factor VII; TF = tissue factor; F1 4 2 = pro-
thrombin fragments 1 4+ 2; DD = D-dimers; FIB = fibrinogen; t-
PA = tissue plasminogen activator; PAI-1 = plasminogen activator
inhibitor type-1 complexes

implanted. Particularly, values obtained 15 min after stent
placement did not differ between the two stent categories.

Discussion
Local hemostasis activation following PCI procedure

To the best of our knowledge, this study is the first investi-
gation of local hemostasis response to BMS and DES

implantation. The main finding of our study is a transient,
significant increase in markers of local coagulation and
fibrinolysis following balloon induced vascular injury,
without a corresponding increase in platelet activation. This
confirms previous studies showing that arterial wall injury
caused by PCI triggers transient hemostatic activation,
leading to localized thrombosis and distal embolisation,
although data are not consistent [22-25]. There is a strong
and early activation of the hemostatic system, possibly
related to endothelium and atheromatous plaque disruption
in response to balloon arterial wall trauma. This phenome-
non activates prothrombotic factors leading to local
hemostatic activation [15, 23, 26]. Changes in these markers
were not due to a systemic response, which requires a longer
time to occur. Importantly, all markers of local coagulation
and fibrinolysis returned to baseline values after stent
implantation. These results are consistent with previous
studies showing that monocyte TF activity is not increased
after stent implantation in patients with stable angina [27].
Subsequent coronary artery stenting following high-pres-
sure balloon dilation could in turn limit the hemodynamic
and chemical stimuli for platelet adhesion and aggregation,
reflecting local plaque stabilization and quiescence, and thus
reducing hemostatic activation. Although the stent itself
may probably induce hemostasis activation, this response
appears negligible compared to that of balloon angioplasty.
It is likely that the presence of a stent minimizes flow-lim-
iting phenomena such as dissection or plaque rupture,
known to be stimuli of local hemostasis activation. These
results would need to be confirmed by larger studies, before
advocating the use of direct stenting [28].

In our study, a dual antiplatelet regimen seemed to
control sufficiently platelet activation in the setting of acute

Table 4 Changes in the serum concentration of the hemostatic activation markers during PCI procedure

Ostium preballoon  Lesion preballoon  Lesion postballoon  Lesion poststent  Ostium poststent P value
(n = 20) (n=20) (n = 20) (n = 20) (n = 20) (ANOVA)
Platelet activation
CDG62P (ng/ml) 28.9 £ 8.72 29.5 £9.02 324 +7.96 31.1 £9.86 28.7 + 8.89 0.197
sGVP (ng/ml) 512 £ 127 49.7 £ 10.2 532 £ 153 524 £ 135 47.1 £ 172 0.173
Coagulation activation
FVIla (mU/ml) 332 £ 129 334 + 129 43.7 £ 17.8 334 £ 125 32.6 £ 13.3 0.010
TF (pg/ml) 31.5+£7.05 31.4 +7.30 35.7 £ 8.05 31.7 £ 6.77 30.6 + 6.96 <0.001
F1 + 2 (nmol/1)  0.75 + 0.28 0.77 £ 0.31 1.08 £ 0.51 0.78 £ 0.30 0.75 £ 0.29 0.025
Fibrinolysis activation
DD (ng/ml) 499 + 293 493 + 294 705 + 338 495 + 296 494 + 297 0.0002
FIB (g/) 3.03 £ 0.62 2.96 £ 0.50 431 +£1.23 3.28 £0.84 2.93 £ 0.67 0.001
PAI-1 (ng/ml) 109 £ 3.22 10.7 £ 3.21 18.2 + 7.47 114 £ 4.27 122 £ 4.12 0.002
t-PA (ng/ml) 104 £ 3.10 10.3 £ 2.92 16.5 £+ 6.98 114 £4.23 11.7 £ 3.60 0.0007

Lesion postballoon = 15 min after balloon angioplasty 10-20 mm distal to the lesion; Lesion poststent = 15 min after stent implantation 10—
20 mm distal to the lesion; Ostium poststent = 15 min after stent placement at coronary ostium

Other abbreviations as in Table 3
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vascular wall trauma after PCI. However, administration of
enoxaparin before PCI does not appear to have prevented
thrombin generation and fibrinolysis activation caused by
high-pressure balloon injury. This result is consistent with
that of Mizuno et al. [29], who demonstrated elevated
levels of TF antigen in the coronary sinus blood after
percutaneous transluminal coronary angioplasty (PTCA) in
patients with ischemic heart disease (both stable and
unstable angina). Similarly, Marmur et al. [18] reported
rapid increase in TF procoagulant activity in animal models
after balloon injury.

Several observations suggest that the fibrinolytic system
plays an important role in hemostatic response to artery
wall injury. Clinical studies investigating plasma levels of
components of the plasmin activation system before and/or
after PCI showed conflicting results. Several studies have
suggested the existence of an increase in PAI-1 levels
immediately after PCI [30, 31], although other studies

@ Springer

reported a decrease of PAI-1 in this setting [32, 33]. FIB
has been reported to be significantly related to major
adverse clinical events after PCI [34]. In contrast to other
markers of hemostasis, DD assays are more stable and
useful for determining not only the activation of fibrino-
lysis but also the severity of a hypercoagulable state [35].
Our results confirm that these four markers are sensitive to
vascular wall trauma as reflected by the increased levels we
observed after balloon predilation. However, the implan-
tation of a stent resulted in a return to baseline of all these
values.

Comparison between DES and BMS

DES have been developed to minimize in-stent restenosis
through the time-controlled release of antiproliferative and
antiinflammatory medication. Despite reducing restenosis
rates, the frequency of in-stent thrombosis has not decreased
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Table 5 Changes in hemostatic markers during PCL: comparison between DES and BMS
CD62P sGVP FVIla TF F1 +2 DD FIB PAI-1 t-PA
(ng/ml) (ng/ml) (mU/ml) (pg/ml) (nmol/l) (ng/ml) (g (ng/ml) (ng/ml)
Ostium preballoon
DES 30.8 £9.18 504 + 128 342 £+ 123 31.2+£6.05 0.74 £0.28 506 £297 295+053 11.0£290 10.5 £ 2.52
BMS 273 + 841 51.7+ 133 26.6 +£10.6 31.6+8.07 0.76 £0.31 495+ 304 3.10+0.70 10.8 +9.82 10.3 +3.63
P value 0.425 0.939 0.676 1.000 0.849 0.879 0.676 0.790 0.939
Lesion preballoon
DES 31.0 £ 8.85 514 +£120 3414129 31.0+£6.08 0.74 £0.27 501 £303 3.02 £ 044 109 +2.83 103 £2.45
BMS 282 4+£939 525+ 119 2824152 31.6+£845 0.79+£0.33 487 £303 292+ 056 10.7 +3.63 10.3 £ 3.38
P value 0.403 0.723 0.790 0.819 1.000 1.000 0.820 1.000 0.790
Lesion postballoon
DES 31.8 £ 647 53.1+172 450+ 179 358 £547 1.08 £0.58 740 £360 4.14+089 168 +6.99 154 £ 6.39
BMS 329 +£929 5334+ 143 51.7+£239 356+£996 1.08+047 676 £334 447 +148 194 +797 174 +£7.62
P value 1.000 0.939 0.879 0.970 0.761 0.362 0.761 0.494 0.648
Lesion poststent
DES 315+ 861 524+ 147 333 +128 31.1£539 0.70 £0.29 490 £303 346 £0.64 109 +3.33 10.8 £3.35
BMS 30.8 £ 11.2 523 +£13.1 348+ 153 321 +£796 0.84 +£031 499 £306 3.15+£099 11.8+5.04 119 £ 495
P value 0.676 0.970 0.939 0.789 0.361 0.732 0.239 0.985 0.909
Ostium poststent
DES 283 +£ 826 462+ 179 338+ 129 294 +590 0.71 £0.27 498 +307 2.82 +0.55 12.6 +3.87 12.2 +2.78
BMS 290+9.76 477+ 175 285+ 172 31.5+£788 0.78 £032 492 £305 3.03£0.79 11.9+449 113 +£424
P value 0.879 1.000 0.732 0.620 0.543 1.000 0.970 1.000 0.621

Abbreviations as in Tables 3 and 4. DES = drug-eluting stent; BMS = bare metal stent

with DES compared with BMS [12-14]. Although several
experimental studies have examined the local pharmacoki-
netics of stent-based drug delivery [36], the influence of DES

on hemostasis in the coronary circulation is not fully under-
stood. The relative interplay of drug and stent polymer in the
hemostasis responses to DES remains unclear [16, 17,31, 37,
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38]. The question arises as to whether drug elution, the stent
polymer or the stent itself affects early hemostasis activation.
Our results however, did not report any difference in local
hemostatic response following DES or BMS placement. The
intracoronary hemostatic activation observed after balloon
predilation is minimized to a similar extent by DES and BMS.
These results do not support hypotheses generated from
earlier clinical studies, [6, 8, 12, 39] indicating a higher risk of
AST in DES implanted patients. Moreover, there is no direct
evidence that drug and polymer may influence the early local
hemostatic response in patients under dual antiplatelet ther-
apy and anticoagulant pretreatment. Early stimuli for
intracoronary hemostasis activation may be the injured ves-
sel wall rather than the surface material of the stent [40]. Our
results however, do not exclude the possibility of a higher risk
of late stent thrombosis in DES treated patients, related to
delayed endothelialization, incomplete stent deployment or
enhanced platelet aggregation after clopidogrel interruption
[4,5,7,9, 41]. However, diabetic patients have a different
pattern of systemic inflammation than non diabetic patients
after PCIL. In this context, the response to DES vs. BMS
stenting may be outweighed by the overall temporal response
to angioplasty.

Study limitations

This study suffers from several limitations. Firstly, this was
not a randomized trial. As a result, because of the lack of
control arm, we cannot exclude the possibility that the
normalization of hemostatic markers, which occurred after
stent implantation, may have similarly occurred spontane-
ously within the same delay in a putative control group.
Secondly, there was a significant difference in diabetes
mellitus between the two stent groups, since all diabetic
patients were treated with DES per protocol. Thirdly, the
sample size was small, and we examined only biological
criteria, without any follow-up of clinical events. Fourthly,
our study included only patients with stable angina or silent
ischemia; thus the results may not be applicable to other
subsets of patients, such as unstable angina or acute coro-
nary syndromes. Furthermore, we concentrated on acute
local hemostasis activation, and we can draw no conclu-
sions about the possible risk of sub-acute or late
thrombosis. Moreover, it is possible that pretreatment or
other successful risk factor interventions initiated before
the coronary intervention may have altered the plasma
levels of the hemostasis markers. In this context, we found
that baseline levels of TF were actually above normal
values, which may be explained by the fact that all patients
had documented coronary artery disease. Lastly, we did not
assess markers of CRP to study the relationship between
early local inflammatory response after PCI and hemostasis
activation.

@ Springer

Conclusion

This study shows that early changes in local hemostasis
activation following PCI were related to balloon predilation.
Neither DES nor BMS increased markers of platelet acti-
vation, coagulation or fibrinolysis. Although this hemostatic
response occurred after balloon induced vessel injury, all
values returned to baseline following stent implantation
under dual antiplatelet and anticoagulant pretreatment.
These results would need to be confirmed by larger studies,
before advocating the use of direct stenting.
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Relationship between plasminogen activator inhibitor-1 gene polymorphism and early local hemostatic
activation in patients with percutaneous coronary intervention procedure Ailiman Mahemuti*?, ~ Nicolas
Meneveau',  Francois Schiele’,  Jean-Pierre Bassand' 1.Department of Cardiology and UPRES EA3920-
IFR133, University of Franche-Comté Medical School, University Hospital Jean-Minjoz Hospital, 25030 Besan
con, France. 2.Department of Cardiology, the First Affiliated Hospital of Xinjiang Medical University, 830054
Urumgi, Xinjiang Uygur Autonomous Region, China
Abstract  Objective To investigate the relationship between plasminogen activatorinhibitor-1( PAI-1)
4 G/5 G gene polymorphism and local homeostatic activation of PAI-1, D-dimers(DD), activated factor  (F
la) and P-Selectin(CD62P), on patients under percutaneous coronary intervention(PCI) procedures, and to
evaluate its prognostic value on acute stent thrombosis by gene polymorphism analysis. Methods 20 stable
angina patients with a 70% diameter stenosis by visual estimation during angiography and a clinical indication
for revascularization were selected. Lesions were treated with the use of standard interventional techniques,
both stents implantation underwent with adjunctive balloon angioplasty. Simultaneous blood samples were drawn
in sequence from the ostium of the coronary artery before balloon angioplasty through guiding catheter, from the
distal coronary artery just beyond the dilated segment after balloon angioplasty and after stent implantation,
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through aspiration catheter. Markers of PAI-1 and CD62P were measured by ELISA. Markers of F and DD
were measured by technique chronometrique and ELISA VIDAS respectively. Prevalence of the 4 G/5 G
polymorphism was investigated using DNA analysis. Results The distribution of PAI-1 genotypes in French
people was as follows: 4 G/4 G in 30.0%, 4 G/5 G in 60.0% and 5 G/5 G in 10.0%. Among the patients, the
frequency of the 4 G and 5 G allele were 0.60 and 0.40 respectively. In patients with the 4 G/5 G
polymorphism of PAI-1 gene, the activities of the PAI-1, DD and F a in the coronary circulation were
significantly increased after balloon angioplasty in comparing with those before balloon angioplasty (P = 0.01,
respectively). However, there were no significant differences between the levels of hemostatic activation at
ostium before balloon angioplasty and distal to lesion after stent implantation in patients with the 4 G/5 G
genotype. Conclusions Balloon angioplasty more easily induces vessel shrinkage and arterial wall injury and
transient local haemostatic activation in comparing with stent implantation. This reponse would be more obvious
in patients with 4 G/5 G polymorphism of the PAI-1 gene. Pretreatment with double chain antiplatelets might
effectively control the early local activation of platelet in patients undergoing PCl procedure.(J Intervent
Radiol, 2007, 16: 584-588)

Key words  Percutaneous coronary intervention; gene, polymorphism; plasminogen activator inhibitor-
1; Factor ; P-selectin; D-Dimer
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Early local intracoronary platelet activation after

drug-eluting stent placement

Ailiman Mahemuti, Nicolas Meneveau, Marie-France Seronde, Francois Schiele,

Mariette Mercier, Evelyne Racadot and Jean-Pierre Bassand

Keywords: stents; platelet activation; thrombosis; P-selectin; soluble glycoprotein V

Background Early local platelet activation after coronary intervention identifies patients at increased risk of acute stent
thrombosis (AST). However, early changes in platelet activation in coronary circulation following drug-eluting stent (DES)
implantation have never been reported.

Methods In a prospective study of 26 consecutive elective stable angina patients, platelet activation was analyzed by
measuring soluble glycoprotein V (sGPV) and P-selectin (CD62P) before and after implantation of either DES or bare
metal stent (BMS). All patients were pretreated with clopidogrel (300 mg loading dose) and aspirin (75 mg orally) the day
before the procedure. Blood samples were drawn from the coronary ostium and 10 — 20 mm distal to the lesion site.
Results Consistent with the lower baseline clinical risk, the levels of CD62P and sGPV were within normal reference
range, both in the coronary ostium and distal to the lesion before percutaneous coronary intervention (PCI) procedure.
The levels of CD62P and sGPV did not change significantly (CD62P: (31.1 £ 9.86) ng/ml vs (29.5 + 9.02) ng/ml, P=0.319
and sGPV: (52.4 + 13.5) ng/ml vs (51.8 + 11.7) ng/ml, P=0.674, respectively) after stent implantation when compared with

baseline. Changes in these platelet activation markers did not differ between stent types.

Conclusions

Intracoronary local platelet activation does not occur in stable angina patients before and immediately

following DES implantation when dual anti-platelet is administered.

Despite reduced restenosis rates, the use of drug-
eluting stent (DES) did not reduce the occurrence of
stent thrombosis as compared with bare metal stent
(BMS).I'4 Acute stent thrombosis (AST) is a rare but
severe  complication of percutaneous coronary
intervention (PCI). Platelet activation is known to play a
key role in the development of AST. The implantation of
coronary stents induces vascular wall damage with an
altered local flow, and consequently, activates the
intrinsic pathway of the coagulation system, which is an
important pathophysiological element of subsequent
acute and subacute arterial thrombosis that limits the
immediate and short-term success of PCIL. Previous
studies have examined changes in platelet activation in
the coronary circulation during PCL>’ However,
consistent results have not been obtained. In addition,
these studies only focused on changes in platelet
activation markers in coronary circulation following
balloon angioplasty and/or BMS implantation. Recent

studies have shown that both rapamycin- and
paclitaxel-induced tissue factor expressions may
contribute to a prothrombotic environment after

deployment of DES. 1% Thus, the question arises as to
whether rapamycin- and paclitaxel-eluting also affects
platelet activation, especially immediately after DES
implantation.

To investigate possible differences in terms of early local
platelet response among patients implanted with different
types of coronary stents, we assayed in this study the

Chin Med J 2007;120(22):1986-1991

levels of sensitive markers P-selectin (CD62P) and
soluble glycoprotein V (sGPV) in the coronary ostium
and beyond the lesion both before and 15 minutes after
stent placement in stable angina patients with dual
antiplatelet and anticoagulant pretreatment and implanted
with DES or BMS.

METHODS

Study population

In a protocol approved by the local Ethics Committee,
twenty-six consecutive stable angina or silent ischemia
patients undergoing coronary stenting were enrolled in a
prospective registry after written informed consent had
been obtained. Patients with diabetes mellitus, proximal
left anterior descending stenosis, or reference vessel
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diameter < 3.0 mm by visual estimate were assigned to
receive DES. Among them, 15 of whom were treated with
a DES (10 paclitaxel-eluting stents (Taxus®, Boston
Scientific Corp., Natick, Massachusetts, USA), and 5
sirolimus-eluting stents (Cypher”, Cordis-Johnson and
Johnson, Miami Lakes, Florida, USA)) and 11 of whom
received BMS (LiberteTM, Boston Scientific Corp.).
Exclusion criteria included prior history of bleeding
diathesis, stroke within the last 3 months, accompanying
valvular disease, an ejection fraction below 30% (severe
heart failure (New York Heart Association III, IV)), acute
coronary syndrome (ST and non ST elevation myocardial
infarction) within the last 7 days, unstable angina,
bifurcation lesion, multiple stents implantation, renal
insufficiency with creatinine levels of > 3.5 mg/dl, active
neoplasie, and prior GP IIb/Illa inhibitor therapy.

Procedures and relevant medications

All  procedures were performed with standard
interventional techniques. Systematic high-pressure
balloon predilation was performed before DES or BMS
implantation. The stent diameter was recorded as the
maximum final balloon diameter as specified by the
manufacturer. Stents were deployed at > 1215.9 kPa (12
atmospheres).

All patients were treated with aspirin 75 mg daily for at
least 4 days before the procedure. Clopidogrel was
administered at a 300 mg loading dose the day before the
procedure. Low molecular weight heparin (enoxaparin:
0.75 mg per kilogram of body weight) was administered
intravenously at the beginning of the procedure, without
anticoagulation monitoring. All patients were on statin
therapy. Drugs other than aspirin, clopidogrel and statin,
considered acceptable before blood sampling were
beta-blockers, calciumchannel blockers, angiotensin-
converting enzyme inhibitors and angiotensin II receptor
blocker.

Blood sampling

Sets of blood samples were drawn from different sites
and at different time points. To detect local hemostasis
activation at the lesion site during PCI, a 6F EXPORT"
aspiration catheter (Medtronic, Inc., USA) was advanced
by monorail technique along the guidewire and
positioned 10-20 mm distal to the coronary stenosis. Sets
of blood samples were drawn consequently from the
coronary ostium through the guiding catheter, before and
at the end of the procedure, and from the aspiration
catheter placed distal to the lesion before and 15 minutes
after stent placement. This procedure was accomplished
in 45 to 50 minutes in all patients. All blood samples were
drawn slowly in all cases to minimize hemostatic
activation and were collected in a vacutainer tube
containing 3.8% trisodium citrate. All samples were
immediately put on ice and centrifuged at 3500 r/min for
10 minutes at 4°C to obtain platelet poor plasma, then
frozen at —80°C until the assays were performed.

Biochemic determinations

Measurement of CD62P was performed by quantitative
sandwich immunoassay technique (R&D Systems Human
sP-selectin, GmbH, Germany), while sGPV was
measured by enzyme-linked immunosorbent assay
(ELISA, Asserachrom sGPV kit, Diagnostica Stago,
Asniéres, France). The normal reference ranges for these
two markers were 18 to 40 ng/ml and 10 to 60 ng/ml,
respectively.

Statistical analysis

We hypothesized that values of CD62P would be
increased by two standard deviations (18 ng/ml) between
the time points of the study in patients undergoing DES
implantation. This would require a minimum of 20
patients to complete the study with a power of 90% and a
significance of < 0.05.

Data were analyzed using the SAS System (version 8.2,
SAS Institute, Cary, North Carolina, USA). Normality
tests were performed on all data. Data are expressed as
mean =+ standard deviation (SD). Differences in baseline
characteristics were analysed using the Mann Whitney
test for continuous variables. Categorical variables were
characterized as percentages and were compared using
chi-square or Fisher’s exact test. Comparisons for
different sites and time points were done using a paired t
test and analysis of variance (ANOVA) with repeated
measures for multiple comparisons. All tests were
two-sided. A value of P<0.05 was considered statistically
significant.

RESULTS

Demographics and clinical characteristics of

study patients

The demographic and clinical characteristics of the
patients are summarized in Table 1. Age, gender
distribution, prior history of coronary artery disease,
angina class and left ventricular ejection fraction were
similar in the DES and BMS groups. There were no
significant differences in cardiovascular risk factors
between the two groups, except for diabetes mellitus,
since all diabetic patients were treated with DES.

Angiographic characteristics of study patients

The angiographic characteristics of the study patients are
displayed in Table 2. Stents were successfully implanted
in all patients. Stent length was (16.9 £ 4.5) mm, and
stent diameter was (3.0 = 0.4) mm in the overall
population. No acute or subacute stent thrombosis was
observed during the hospital stay. All parameters related
to the PCI were similar in the DES and BMS groups.

Detection of procoagulant activity in coronary
circulation

At baseline, the levels of CD62P and sGPV were within
normal reference range, either in the coronary ostium or
distal to the lesion. There were no significant differences
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Table 1. Baseline clinical characteristics of the study population

Clinical characteristics DES BMS P
(n=15) (n=11) value
Age (years) 59.3+9.9 65.4+12.7 0.261
Male (n (%)) 13 (86.6) 9(81.8) 0.259
Diabetes mellitus (n (%)) 10 (66.6) 0(0) 0.001
Hypercholesterolemia (n (%)) 11 (73.3) 8(72.7) 0.990
Hypertension (n (%)) 9 (60) 7 (63.6) 0.756
Current smokers (n (%)) 8(53.3) 6 (54.5) 0.864
Family history of CAD (n (%)) 4(26.6) 3(27.2) 0.895
Previous MI (n (%)) 2(13.3) 109 0.881
Previous PTCA (n (%)) 4(26.6) 3(27.2) 0.895
Previous CABG (n (%)) 2(13.3) 19 0.881
Stable angina (n (%)) 8(53.3) 6(54.5) 0.964
Silent ischemia (n (%)) 6 (40) 5(45.4) 0.749
LVEF (%) 64.1+8.50 56.9+124 0.157
Medications
Aspirin (n (%)) 15 (100) 11 (100) 1.000
Clopidogrel (n (%)) 15 (100) 11 (100) 1.000
Enoxaparin (n (%)) 15 (100) 11 (100) 1.000
B-blockers (n (%)) 6 (40) 4(36.3) 0.930
ACE inhibitors (n (%)) 9 (60) 8(72.7) 0.194
Calcium-channel blocker (n (%)) 5(33.3) 3(27.2) 0.123
Statin (n (%)) 13 (86.6) 9 (81.8) 0.876
Angiotensin II receptor bloker (n (%)) 4(26.6) 3(27.2) 0.941

Values are presented as number (percentages) or mean + SD; CAD = coronary
artery disease; MI = myocardial infartion; PTCA = percutaneous transluminal
coronary angioplasty; CABG = coronary artery bypass graft; LVEF = left
ventricular ejection fraction. DES = drug-eluting stent; BMS = bare metal stent;
P value = drug-eluting stent compared with bare metal stent.

Table 2. Angiographic characteristics of the study population

Angio characteristics DES BMS P
(n=15) (n=11) values
Target coronary artery (n (%))
LAD 3(20.0) 2(18.2) 0.678
RCA 5(33.3) 4(36.3) 0.243
LCX 7 (46.6) 5(45.4) 0.864
Lesion type* (n (%))
A 3(20.0) 2(18.2) 0.678
B 9 (60.0) 8(72.0) 0.147
C 3(20.0) 2 (18.2) 0.678
Preprocedure
Lesion length (mm) 9.61 £4.23 9.25+4.94 0.560
Stent length (mm) 17.50 + 6.20 16.4+4.61 0.487
MLD (mm) 1.02+0.21 0.99 +0.34 0.185
RVD (mm) 2.49+0.51 2.74 +£0.67 0.672
DS (%) 58.80 +5.27 6240+7.12  0.532
Postprocedure
MLD (mm) 2.61+0.45 2.68 +0.37 0.753
RVD (mm) 2.87 +0.46 2.88+0.40 0.975

1337.49 £ 183.40 1367.89 +193.53 0.573
1459.08 £ 173.27 1448.95+192.52 0.450
DS (%) 9.12+4.28 8.69 +£2.08 0.289
Total stent implanted (n (%)) 15 (100) 11 (100) 0.056
LAD = left anterior descending artery; RCA = right coronary artery; LCX = left
circumflex artery; MLD = minimum lumen diameter; RVD = reference vessel

Balloon inflation pressure (kPa)
Stent inflation pressure (kPa)

diameter; DS = diameter stenosis. *According to the classification of the
American College of Cardiology-American Heart Other
abbreviations as in Table 1. 1 kPa =0.009869 atm.

Association.

(CD62P: (28.9 + 8.7) ng/ml vs (28.4 £ 9.1) ng/ml, P =
0.639 and sGPV: (51.2 £ 12.7) ng/ml vs (51.7 = 11.6)
ng/ml, P=0.312, respectively) when comparing baseline
values at both sites (Table 3).

Changes in platelet activation markers after stent
implantation
In the whole study population (n=26), the levels of

CD62P and sGPV did not change significantly when
compared pre- and post-stent implantation at beyond the
lesion. Similarly, values obtained 15 minutes post-stent
placement at ostium did not significantly differ when
compared with pre-stent placement at ostium. In addition,
the level of sGPV decreases post-stent implantation when
compared with pre-stent placement at ostium (Table 3).

Table 3. Changes in platelet activation markers before and
after stent implantation (n=26)

Platelet activation Pre-stent Post-stent P

(ng/ml) Ostium Lesion Lesion Ostium values
CD62P 28.9+8.7 28.4+49.1 29.3+£10.0 28.7+8.9 0.197
sGVP 51.2+12.7 51.7€11.6 52.2+13.3 47.0+17.2 0.070

Ostium pre-stent = before stent implantation at coronary ostium; Lesion pre-stent
= before stent inplantation at 10 to 20 mm distal to the lesion; Lesion post-stent
= 15 minutes after stent inplantation at 10 to 20 mm distal to the lesion; Ostium
post-stent = 15 minutes after stent inplantation at coronary ostium; CD62P =
antibody P-selectin; sGPV = glycoprotein V. Other abbreviations as in Table 1.

Changes in platelet activation markers between

DES and BMS placement

Markers of CD62P and sGPV were measured at similar
levels, whatever the stent implanted. Particularly, values
obtained 15 minutes post-stent placement at beyond the
lesion and ostium did not significantly differ between the
two stent categories when compared with baseline
respectively (Fig).
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Fig. Changes in local platelet activation markers during PCI:
comparison between DES and BMS.

DISCUSSION

To our knowledge, this study is the first investigation of
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the early local platelet response to DES implantation in
stable angina patients with dual antiplatelet and
anticoagulant pretreatment. PCI, especially with stenting,
leads to significant platelet activation at the site of
intervention." The activated platelets contribute to the
risk of thromboembolism at the time of procedure and
increase the risk of acute or subacute thrombosis after
stenting.'> However, clopidogrel combined with aspirin
reduces the early risk of stent thrombosis, and a
clopidogrel pre-treatment strategy is associated with a
better outcome.'>'* Although thrombin activity and
increased platelet reactivity may be evident in blood from
the coronary circulation, optimal antiplatelet and
anticoagulant therapy must suppress both of these, at the
site of injury and also in the circulation blood pool. In
fact, efficacy of treatment is likely to be most closely
reflected by demonstrable suppression of pro-thrombotic
activity in the immediate vicinity of the site of plaque
rupture.”> Therefore there is a great interest in the
measurement of local platelet activation in coronary
circulation undergoing DES or BMS in patients with
antithrombotic pretreatment.

Platelet associated P-selectin (CD62P) is a 140-kD
glycoprotein which is present in the a-granules of
platelets and translocates rapidly to the cell surface after
platelet activation.'® CD62P mediates rolling of platelets
on activated endothelial cells and interaction of activated
platelets with neutrophils and monocytes, and is generally
considered to be the gold standard marker of platelet
activation.'” Increased levels of CD62P have been
observed in various cardiovascular disorders, including
unstable angina'® (it could be used as a marker of plaque
destabilization), acute myocardial infarction,” even in
patients with coronary artery spasm,”’ stable angina.’’
These findings suggest an important role of CD62P in
arterial thrombosis.

A new thrombosis marker, sGPV, has recently been
evaluated in patients with coronary artery diseases. The
exact function of sGPV in primary haemostasis is still
unknown but it has been proposed to modulate collagen
and thrombin dependent platelet responses.”> sGPV is
cleaved after exposure of platelets to thrombin, and also
by endogenous metalloproteases produced during platelet
activation.”” sGPV has been evaluated in experimental
thrombosis in man as a thrombosis marker in
atherosclerosis® and myocardial infarction.”” However,
there have been no reports of the early change of DES or
BMS for coronary intervention on sGPV in the coronary
circulation.

In the literature there is no evidence of any correlation
between DES and hemostasis disorders, except tissue
factor expressions.*'® The principal finding of this study
is that both CD62P and sGPV levels do not change
immediately in patients with stable angina pectoris
undergoing elective coronary DES for de novo, single
coronary artery lesion. This response in PCI appears

similar in patients treated with BMS. Our finding
suggests that there is no direct evidence that either the
drug or the polymer may influence the early local platelet
response. Thus, we can assume that the risk of AST was
less and similar in both the DES and BMS implantations
in patients with stable angina and pretreatment with dual
anti-platelet medication. However, our result, which
might be explained by the early blood sampling at local
injury site, was not due to a systemic response, which
would require a longer period of time to occur. Consistent
with our results, the preclinical experience in a pig model
also shows that implantation of DES did not prove to be
more thrombogenic in the first 24 hours after the
intervention as compared with BMS.*

Anti-thrombotic and anticoagulant therapies minimize
thrombotic complications after PCI. The baseline platelet
characteristics are predictive of future platelet activity
and thus may identify patients who would be most likely
to benefit from more aggressive antiplatelet and
anticoagulant regimens.”’ In this study, the three-drug
anti-thrombotic regimen maintained the hemostasis
activation at the low state achieved before the procedure.
Our results demonstrated that detection of CD62P and
sGPV levels in the coronary ostium and in the coronary
artery beyond lesion were similar before PCI procedure
and they were within normal reference range. This
finding suggests that the baseline platelet characteristics
are predictive of a low risk of stent thrombosis in patients
with stable angina.

Acetylsalicylic acid, commonly referred to as aspirin, is a
widely used and very well documented antiplatelet dru,

that lowers cardiovascular morbidity and mortality.”**

The antiplatelet effects of aspirin are related to
irreversible inhibition of platelet cyclooxygenase (COX),
and reduced production of the potent vasoconstrictor and
platelet activator thromboxane A2 (TxA2). Recent
placebo-controlled trials have shown excellent protection
with 75 mg aspirin daily in patients with stable®® or
unstable®’ angina pectoris. More recently, the Clopidogrel
in Unstable angina to prevent Recurrent Events (CURE)
study demonstrated that the addition of clopidogrel to
aspirin was associated with a further 20% reduction in the
risk of death, myocardial infarction or stroke in patients
with acute coronary syndromes.” Similarly, some recent
studies have shown that clopidogrel, particularly as a
loading dose of 300 mg, can rapidly and significantly
inhibit platelet aggregation in both healthy subjects and
patients with atherosclerotic disease, even after just 2
hours.” Enoxaparin is being used more frequently in
patients undergoing percutaneous coronary intervention.
Theoretical advantages of low-molecular-weight heparin
versus unfractionated heparin include a higher ratio of
anti-Xa to anti-Ila activity (3:1 for enoxaparin), a more
predictable dose response that precludes the need for
frequent monitoring, and the convenience of
subcutaneous administration. Several retrospective
observational studies have suggested that pretreatment
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with statins might reduce the incidence of myocardial
infarction after coronary intervention.’® In addition, a
previous study has demonstrated that angiotensin II
receptor inhibitor has anti-inflammatory properties and
inhibits platelet aggregation.™

Our study demonstrated that during PCI, no changes
occurred in levels of platelet activation markers in
patients under dual anti-platelet therapy pretreatment.
This finding suggests the rapid effect of dual anti-platelet
pretreatment in attenuating intra-coronary platelet activity.
Our results also suggested that dual anti-platelet therapy
(aspirin and clopidogrel) pretreatment sufficiently
inhibited platelet activation in patients with angina
pectoris who underwent DES or BMS. Corroborating our
results, Mizuno et al’® reported no changes in platelet
activation in the balloon angioplasty only and stent
implantation groups when aspirin and ticlopidine
administration; in contrast, the levels of platelet activation
markers significantly increased immediately after
percutaneous transluminal rotational coronary
atherectomy in patients without using antiplatelet
therapies. Similarly, Gregorini et al® reported that the
combined use of ticlopidine, aspirin, and heparin
effectively inhibited platelet activation in patients with
angina pectoris who underwent PTCA. In addition, in the
present study, the widespread use of statins, angiotensin
converting enzyme inhibitors and angiotensin receptor
blockers maybe also has played important roles in the
inhibition of platelet activation.

In summary, this study shows, first, that neither DES nor
BMS increased marker levels of platelet activation when
dual anti-platelet and anti-coagulant pretreatment is
administered to patients with stable angina. Second,
platelet activation markers such as CD62P and sGPV
seem to be helpful in estimating anti-platelet treatment
efficiency. Thus, our findings might have important
therapeutic implications. If so, pretreatment with
anti-thrombotic medications in patients with stable angina
could be effectively used to prevent or limit the initial
injury following coronary DES or BMS implantation.

Although the study population was relatively small, we
have fulfilled conditions for statistical power calculation.
The level of each marker was sampled for comparison at
4 different sites and 2 time points (before and after stent
implantation) in each patient, thus 80 time periods were
available for comparison for each of the 2 activation
platelet markers. In our study, first, we examined only
biological criteria, without any follow-up of clinical
events. Second, our study included only patients with
stable angina or silent ischemia; thus the results may not
be applicable to other subsets of patients, such as unstable
angina or acute coronary syndromes. Furthermore, we
concentrated on acute local hemostasis activation, and we
can draw no conclusions about the possible risk of
sub-acute or late thrombosis. Last, we have no data about
a control group to compare with the pretreatment group,

and this comparison needs further investigation.

DES does not increase early local platelet activation, at
least under dual anti-platelet pretreatment, which appears
similar in patients treated with BMS.
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Abstract  Objective To investigate the early changes in intra-coronary circulatory tissue factor
(TF) following drug-eluting stent (DES) or bare metal stent (BMS) implantation in patientswith stable
angina under dual antiplatelet and anticoagulant pretreainent, and to evaluate their p rognostic value on acute
stent thombosis fomation. M ethods The study consisted of tventy-six stable angina patientswith an over
70% diameter stenosis lesion by visual estimation during angiography and following revascularization was
administered. Blood sampleswere drawvn in sequence fram the ostium of the coronary artery through guiding
catheter before balloon angioplasty, and from the coronary artery just beyond the dilated segment after stent
mplantation through agiration catheter. Plasna levelsof TFwere measured by sandwich B ISA. Results
In thewhole study population, baseline TF valueswere found 3 times higher than nomal reference range
either in the coronary ostium or within the segnent distal © the lesion. However, therewere no differences
when camparing baseline values at both sites (P =0.748) . There were no significant differences in the
levels of local TF marker anong the DES and BM S group s either in the coronary ostium orwithin the coronary
sgnent distal o the lesion (P =0.789, P =0.674, repectively) . Conclusion There is a significant
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increase of intra-coronary circulatory TF in patientswith stable angina before PCI procedure. Neither DES
nor BMS implantation increases the early local intra-coronary circulabry TF activation folloving PCI

procedure.
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11.3 Discussion on hemostasis activation and PCI

I1.3.1 Pretreatment and local hemostasis activation

Anti-thrombotic and anticoagulant therapies minimize thrombotic complications after
PCI. The baseline platelet characteristics are predictive of future platelet activity and
thus may identify patients who would be most likely to benefit from more aggressive
APA and anticoagulant regimens (Gurbel PA et al., 2000). In our study, the
three-drug anti-thrombotic regimen maintained the hemostasis activation at the low
state achieved before the procedure. Our results demonstrated that levels of CD62P
and sGPV levels in the coronary ostium and in the coronary artery beyond lesion were
similar before PCI procedure and they were within normal reference range. This
finding suggests the baseline platelet characteristics are predictive of a low risk of
stent thrombosis in patients with stable angina. Aspirin is a widely used and very well
documented APA drug that lowers cardiovascular morbidity and mortality
(Antithrombotic Trialists” Collaboration., 2002 and Patrono C et al., 2001). The APA
effects of aspirin are related to irreversible inhibition of platelet cyclooxygenase
(COX), and reduced production of the potent vasoconstrictor and platelet activator
thromboxane A2 (TxA2) (Patrono C et al., 2001). Recent placebo-controlled trials
have shown excellent protection with 75 mg aspirin daily in patients with SA
(Juul-Moller S et al., 1992) or UA (The RISC Group., 1990) pectoris. More recently,
the “Clopidogrel in Unstable angina to prevent Recurrent Events” (CURE) Study
demonstrated that the addition of clopidogrel to aspirin was associated with a further
20% reduction in the risk of death, myocardial infarction or stroke in patients with
acute coronary syndromes (Yusuf S et al., 2001). Similarly, some recent studies have
shown that clopidogrel, particularly as a loading dose of 300 mg, can rapidly and
significantly inhibit platelet aggregation in both healthy subjects and patients with
atherosclerotic disease, even after just 2 h (Savcic M et al., 1999). Enoxaparin is used
more frequently in patients undergoing PCI. Our study shows that during PCI, no
changes occurred in levels of platelet activation markers in patients under dual APA
pretreatment. This finding suggests the rapid effect of the pretreatment in attenuating
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intra-coronary platelet activity. Our results also suggest that dual APA pretreatment
sufficiently inhibited platelet activation in patients who underwent DES or BMS.
Corroborating our results, Mizuno et al. (Mizuno O et al., 2000) reported no changes
in platelet activation in the “balloon angioplasty only” and “stent implantation”
groups when aspirin and ticlopidine were administered; in contrast, the levels of
platelet activation markers significantly increased immediately after percutaneous
transluminal rotational coronary atherectomy in patients without using antiplatelet
therapies. Similarly, Gregorini et al. (Gregorini L et al., 1997) reported that the
combined use of ticlopidine, aspirin, and heparin effectively inhibited platelet
activation in patients with angina pectoris who underwent percutaneous transluminal
coronary angioplasty (PTCA). In addition, in our study, widespread use of statins,
angiotensin converting enzyme inhibitors and angiotensin receptor blockers may also
have played important roles in the inhibition of platelet activation. Our patients were
also treated with calcium channel antagonists, which, in experimental animals, reduce
platelet deposition and thrombus formation and prolong bleeding time (Foley JA et al.,
1996, Rao GH et al., 1992 and Stone PH., 1987). Nitrous vasodilators also inhibit
platelet activation through complex mechanisms that may involve increased
production of endogenous nitric oxide and of cyclic guanosine monophosphate (GMP)
while lowering intracellular cytosolic calcium (Adrie C., 1996). These treatments may

thus have also contributed to the control of hemostasis activation in our patients.

I1.3.2 Fibrinolytic gene polymorphism and hemostasis activation

Several observations suggest that the fibrinolytic system plays an important role in
hemostatic response to artery wall injury. Family studies suggest that plasma PAI-1
and t-PA levels are influenced by genetic factors (Pankow et al., 1998). Previous
studies usually investigated the effects of non-genetic and genetic factors individually
on plasma levels of t-PA or PAI-1 in relatively small populations at high-risk for
thromboembolic events (Mansfield MW et al., 1995, Juhan-Vague I et al., 1993 and
Toft I et al., 1997). In our study we analysed t-PA and PAI-1 gene polymorphism;
however, t-PA gene polymorphism influence on hemostasis following PCI is still
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being analysed and thus is not reported in this thesis. The 4G/5G genotype has been
related to the risk of MI (Boekholdt SM et al., 2001), sudden cardiac death (Anvari A
et al.,, 2001), transplant CAD (He JQ et al., 2002), and in-stent restenosis after
coronary stent implantation (Ortlepp JR et al., 2001). In our study, balloon
angioplasty easily induced vessel shrinkage and arterial wall injury and transient local
haemostatic activation. This response was more obvious in patients with 4G/5G
polymorphism of the PAI-1 gene. Apparently, 4G/5G polymorphism did not influence
the rapid return of all hemostasis and fibrinolysis markers at the baseline after stent
implantation.  Specific influence of t-PA  polymorphism and possible
interaction/synergy with PAI-1 polymorphism may perhaps modify our conclusions
regarding the influence of genetic predisposition towards hemostasis activation after
angioplasty. In addition, a long-term evaluation of the patients could make clear the
possible influence of the transient activation of hemostasis/fibrinolysis activation after
angioplasty, favored by PAI-1 gene polymorphism, on long-term thrombosis and/or
restenosis after stenting. Such an evaluation would give some rationale to possible
different attitudes towards pre-stenting anticoagulant and APA regimens in patients

that are 4G/5G heterozygotes.

I1.3.3 Methodology of the study

The sample size in our study is relatively small. This may have led to an
underestimation of possible differences in platelet activation after angioplasty and/or
possible differences between DES and BMS. We examined only biological criteria,
without any follow-up of clinical events. Thus, our results need to be confirmed in a
larger and long-term study. We selected low risk patients with stable angina and thus
the results may not be applicable to different subsets of patients such as unstable
angina and ACS. Furthermore, we concentrated on acute local hemostasis activation,
and we can draw no conclusions about the possible risk of AST, SST or LST. A
long-term clinical follow-up should give more insight in the actual consequences of
hemostasis activation levels after angioplasty and/or genetic background of the
patients on further stenosis. Our patients were pretreated with enoxaparin and it is
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difficult to know if our results might be extrapolated to patients pretreated with
unfractionated heparin. Pretreatment or other successful interventions initiated before
the coronary intervention may have altered the plasma levels of the hemostasis
markers and we did not assess CRP to study the relationship between early local
inflammatory response after PCI and hemostasis activation. Finally there was no
control group (i.e. SA patients with single vessel disease and who did not require PCI).
However, our study was performed in patients pre-treated and managed according the
state of the art, regarding anticoagulants and APA, and therefore the results might
reasonably extrapolated to other patients with SA undergoing angioplasty and
stenting.

The patients served as their own controls and in this context, we found that baseline
levels of TF were actually above normal values, which may be explained by the fact
that all patients had documented CAD. Measurement of these hemostatic markers in
coronary artery circulation has been shown to be much more sensitive in detecting
hemostasis activation than in venous blood (Eichinger S et al., 1994 and Weltermann
A et al., 1999). Previous studies have shown that the catheter itself does not cause
artificial increases in levels of hemostasis markers, and we may thus consider our data
to be reliable (Marmur JD et al., 1994). This allowed us to demonstrate the transient
activation of hemostatis/fibrinolysis after angioplasty and the return to baseline after

DES stent implantation, whatever its type, which is an original finding.

I1.4 Conclusion

Hemostatis activation occurs after balloon-induced vessel injury; however neither
DES nor BMS further increases markers of platelet activation, coagulation or
fibrinolysis in SA patients under dual APA and anticoagulant pretreatment. The
transient local haemostatic activation is likely due to vessel shrinkage and arterial wall
injury. This response is more obvious in patients with 4G/5G polymorphism of the
PAI-1 gene. Thus, pretreatment with anti-thrombotic medications in patients with
stable angina effectively prevents or limits further consequences of the initial injury
caused by angioplasty following coronary DES or BMS implantation.
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B. Prevention and Treatment of Thrombosis
in Venous Thrombo-embolic Disease
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I. Introduction: Venous Thrombo-Embolic Disease (VTE)

Deep vein thrombosis (DVT) and pulmonary embolism (PE) represent different
manifestations of the same clinical entity, which is referred to as VTE. In patients
with this condition, venous thrombosis occurs when red blood cells, fibrin and, to a
lesser extent, platelets and leukocytes, form a mass within an intact cardiovascular
system.

The mechanisms which support thrombus formation, i.e. platelet activation,
hemostasis/coagulation, and eventually fibrinolysis, are quite similar to those
involved in artery thrombosis, which have been extensively presented in Section 1 of
this thesis.

A proximal DVT in the leg is one that is located within the popliteal, femoral
(including the superficial femoral), or iliac veins. Acute pulmonary embolism (APE)
occurs when a segment of a thrombus within the deep venous system detaches from
the vessel, travels to the lungs, and lodges within the pulmonary arteries. The pelvic
and deep veins of the lower extremities are the source of more than 70% of all
pulmonary emboli (Browse NL et al., 1974). The superior vena cava, upper extremity

veins, and right chambers of the heart are less common sources.

I.1 Incidence

It is difficult to determine the incidence of VTD. Clinical signs and symptoms are
nonspecific, and screening tests are not always sensitive enough to detect disease in
asymptomatic patients. According to population studies, the overall age- and
sex-adjusted annual incidence of VID is 1 to 2 per 1,000 people (Anderson FA Jr et
al., 1991 and Silverstein MD et al., 1998). More than one-third of these cases
represent recurrent disease (Silverstein MD et al., 1998). Extrapolation of these data
suggests that more than 250,000 cases of VTE are diagnosed annually in the United
States. At least 50,000 of these cases are fatal, although available autopsy data suggest
that this figure is probably a significant underestimation of actual mortality. It has

been estimated that PE occurs in approximately 600,000 patients annually in the

49



United States and causes or contributes to 50,000 to 200,000 deaths (Lilienfeld, DE et
al., 1990). Similarly, VID is a frequent pathological event in France, with an
incidence in France, in the general population, of 180/100 000 people per year. This
incidence increases with the age to attain 1000/100 000 after 75 years. Incidence of
VTD in the United States is of 100-to 500/100 000 at 80 yr of age and 81.1/100 000
after 66 yr age in China (Lindblad B et al., 1991). PE seemed to be, until recently, a
rare pathological event in China. However, the recent article by Tan et al (Tan XY et
al., 2006) shows an increase of PE in hospitalized patients from 0.27% during the
early 1970s to 0.94% in the XXIst century, and concludes that PE is “an increasingly

significant disease” in modern China.

1.2 Pathophysiology

DVT: Venous thrombi typically develop within a deep vein at a site of vascular
trauma and in areas of sluggish blood flow (eg, in the venous sinuses of the calf and
within a valve cusp). An accumulation of fibrin and platelets causes rapid growth in
the direction of the blood flow, potentially reducing venous return. Endogenous
fibrinolysis results in a partial or complete resolution of the thrombus. Residual
thrombus will organize and the vein may incompletely recanalize, which often results
in narrowing of the lumen and valvular incompetency. An extensive collateral
network can develop.

PE: PE is a relatively common cardiovascular emergency. Thrombi that embolize
to the lungs will lodge within either the lobar arteries or the distal main pulmonary
artery; occasionally they will straddle the pulmonary artery bifurcation (saddle
embolus). Smaller thrombi can travel more distally. A PE causes several physiologic
changes. Stimulation of irritant receptors causes alveolar hyperventilation, which
increases the respiratory rate. Gas exchange becomes impaired because the affected
lung tissue is ventilated but not perfused. Initially, this alveolar "dead space," and later
the development of intrapulmonary shunting, cause bronchoconstriction and
hypoxemia. Atelectasis and edema caused by the loss of alveolar surfactant can
develop within hours. A decrease in the cross-sectional area of the pulmonary arterial
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bed, hypoxia, and the release of humoral factors by activated platelets (eg, serotonin
and thromboxane) increase pulmonary vascular resistance. Even so, an acute embolic
event in a healthy individual will not generate a mean pulmonary artery pressure
greater than 40 mm Hg (Miller GA et al., 1970). Pulmonary hypertension can result in
right ventricular failure and, infrequently, decrease cardiac output. The severity of
hemodynamic compromise, and hence symptoms, is dependent on the extent of
arterial obstruction and the presence or absence of pre-existing cardiopulmonary

disease.

1.3 Prevention and treatment of PE

The therapeutic goals for PE are to relieve symptoms, prevent the development of
pulmonary hypertension and right ventricular failure, and ultimately, diminish the risk
of death. Long-term prevention of recurrence should also be considered in all patients.
To achieve these therapeutic objectives, anticoagulation has been widely used, where
unfractionated heparin (UFH) or low-molecular- weight heparin (LMWH) is to be
used for about a week, followed by oral administration of warfarin for at least 3-6
months. Heparin provides immediate anticoagulation and severs as a bridge until

warfarin is fully effective.

1.3.1 Heparin

Heparin is an animal-derived large polysaccharide that binds to endogenous
antithrombin. This heparin-antithrombin complex catalyzes the inactivation of several
activated coagulation factors, including factor Xa and Ila (thrombin). Heparin can be
administered by either intravenous infusion or subcutaneous injection. Its plasma
half-life is generally 1 to 2 hours, although the duration lengthens with higher doses.
Heparin is primarily cleared from the circulation by the reticuloendothelial system. A
baseline complete blood count with platelets and an activated partial thromboplastin
time (aPTT) should be documented prior to initiating therapy. Weight-based dosing
(an 80 U/kg bolus followed by 18 U/kg/h) is associated with a lower risk of recurrent
thrombo-embolism (Raschke RA et al., 1993). The appropriate dose is determined by
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the aPTT value. The target value is 1.5 to 2.5 times the mean control value (which
corresponds to 0.3 to 0.6 U/mL on the amidolytic anti-factor Xa assay) and should be
checked 6 hours after a dose adjustment. Adverse drug reactions include bleeding,

heparin-induced thrombocytopenia, and osteoporosis with prolonged use.

1.3.2 Low-Molecular-Weight Heparin (LMWH)

A LMWH is a small heparin fragment whose mechanism of action is similar to
that of UFH. However, LMWH has less nonspecific binding to proteins, which results
in a longer plasma half-life (4 h) and a more predictable dose-response relationship.
Laboratory monitoring is usually not necessary, but it must be performed with a
chromogenic anti-Xa assay (rather than the aPTT measurement) 4 hours after a dose
has been given (therapeutic range: 0.6 to 1.0 I[U/mL in most laboratories). LMWH is
as effective as UFH for the treatment of DVT, and it might be associated with a lower
risk of bleeding (Hull RD et al., 1992). Studies have demonstrated that LMWH is
similarly efficacious and safe in treating PE (The Columbus Investigators., 1997 and
Simonneau G et al., 1997). In appropriate patients, LMWH can facilitate the
outpatient treatment of VTD because it is administered subcutaneously (Levine M et
al., 1996 and Koopman MM et al., 1996). Although the incidence of heparin-induced
thrombocytopenia and osteoporosis is lower with LMWH than with UFH, caution
should be used in obese patients and in those with renal insufficiency because of the
renal clearance of LMWH. In addition, the potential adverse effects of heparin are
haemorrhage and thrombocytopenia (Quinlan DJ et al., 2004 and Levine MN et al.,
2004). The risk of major bleeding is 1.0-5.0%, which increases with age (>70 years)
and the dose of heparin (Levine MN et al., 2004). LMWH is associated with less
major bleeding, such as intracranial or retroperitoneal haemorrhage, compared with
unfractionated heparin in acute VTE (Levine MN et al., 2004).

Fondaparinux is a synthetic and selective inhibitor of factor Xa that has proven its
efficacy and safety at different dose regimens as a preventive and curative treatment
of thromboembolic disease when compared with heparins (Buller HR et al., 2004,
Buller HR et al., 2003 and Turpie AG et al., 2002). Its pharmacokinetic properties
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allow a simple, fixed-dose, once-daily regimen of subcutaneous injection without the
need for monitoring. The use of pharmacological prophylaxis in patients undergoing
major orthopedic surgery was suspected to entail potential increased risks of major
bleeding, although this trend was not confirmed when higher curative dosing
regimens were used in the treatment of DVT or low risk PE ((Buller HR et al., 2004,

Buller HR et al., 2003 and Turpie AG et al., 2002).

1.3.3 Thrombolytic therapy

Thrombolytic drugs such as urokinase, streptokinase or recombinant tissue
plasminogen activator (tPA) act by converting plasminogen to plasmin, which
dissolves the thrombus. Especially, streptokinase and tPA are the two FDA approved
thrombolytic agents for VTD. Streptokinase is administered as an intravenous
250,000 IU bolus over 30 minutes followed by 100,000 IU/h over 24 hours for a PE
or up to 72 hours for a DVT. The recommended dose of tPA for thrombolysis of a PE
is 100 mg over 2 hours also given intravenously. The main reason for thrombolytic
therapy is that, in conjunction with anticoagulation, it may reduce the risk of
pulmonary hypertension, right ventricular dysfunction or rate of death (Konstantinides
S et al., 1997). The evaluation of thrombolytic therapy for PE began in the early
1970s. The first prospective randomised trial was the Urokinase Pulmonary Embolism
Trial (UPET), where the effect of urokinase and heparin was compared in patients
with APE (Urokinase pulmonary embolism trial., 1970). Within 24 hours of the drug
administration, improvement in lung scans, pulmonary angiograms and right
ventricular pressure was found only in the urokinase group (Urokinase pulmonary
embolism trial., 1970). However, no significant differences in clinical outcomes were
apparent between the two groups 24 hours after the drug administration (Urokinase
pulmonary embolism trial., 1970).

The effect of tPA on PE was initially investigated in a small group of patients.
Compared with heparin only therapy, a tPA, alteplase, led to a greater reduction in
pulmonary pressure and better improvement in pulmonary angiography (Dalla-Volta S
et al., 1992). However, even there were significant improvements in the objective
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tests, no additional clinical benefits were observed in the thrombolytic therapy group
(Dalla-Volta S et al., 1992). Further studies were conducted by Goldhaber and
associates (Goldhaber SZ et al., 1988) and the European Cooperative Study
investigators (Meyer G et al., 1992) to compare the effect of tPA and urokinase. These
studies demonstrated that, although tPA initially produced a faster resolution of the
pulmonary thrombus, clinical outcomes were the same 24 hours after the drug
administration.

The impact of thrombolysis on mortality in patients with PE has been a subject of
debate for many years. A recent meta-analysis on some major clinical trials on
thrombolytic therapy has found that, compared with heparin, thrombolytic therapy is
not associated with a statistically significant reduction in recurrent PE or death (Wan
S et al., 2004). However, in trials that enrolled patients with massive PE and
hypotension or cardiogenic shock, thrombolytic therapy is associated with a
significant reduction in recurrent PE or death (Wan S et al., 2004).

Thrombolysis in patients with PE is associated with a significant risk of major
bleeding. The bleeding rates from thrombolysis are higher than that from heparin.
Pooled data from recent trials on PE have demonstrated that, major bleeding rate in
thrombolysis and heparin group is 9.1% and 6.1%, respectively (Wan S et al., 2004).
The rate of nonmajor bleeding in the thrombolysis group was also higher than that in
the heparin group (22.7% vs 10.0%) (Wan S et al., 2004).

Due to the perceived lack of mortality benefit and long-term efficacy, thrombolysis
has been mainly used for the management of massive PE, which is often accompanied
by hypotension or cardiogenic shock (Goldhaber SZ et al., 2004). The role of
thrombolytic therapy in patients with submassive PE and stable haemodynamics
remains uncertain. A recent trial, the Management Strategies and Determinants of
Outcome in APET (Kasper W et al., 1997), one of the largest trials in the field
involving 256 patients, shows that, compared with heparin only treatment, alteplase
(100 mg over 2 hours) plus heparin substantially reduces the need for intensive
therapeutic measures such as mechanical ventilation, pressor agents or secondary
thrombolysis during hospitalisation (Konstantinides S et al., 2002). However, a
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reduction in death has not been demonstrated in the heparin-plus-alteplase group
(Konstantinides S et al., 2002).

Thrombolytic agents convert plasminogen into plasmin. Plasmin degrades fibrin
and causes thrombi to rapidly dissolve. However, a complete resolution of a thrombus
is rare in the venous circulation. The indications for thrombolytic therapy are a
massive iliofemoral DVT (especially in the case of phlegmacia cerulea dolens) and
PE that is accompanied by hemodynamic instability. Nevertheless, thrombolytics have
not been shown to decrease mortality in these patients (Hyers TM et al., 2001).
Konstantinides et al reported that thrombolytics did lower 30-day mortality in
clinically stable patients with right ventricular dysfunction (Konstantinides S et al.,
1997). However, because enrollment in this study was not randomized, these results
should be interpreted with prudence. Bleeding is a serious complication of
thrombolytic therapy, and it can occur at vascular puncture sites, within the
gastrointestinal tract, or in the retroperitoneum. Thrombolytics also carry a 1% to 2%
risk of intracranial bleeding, so their potential benefits should be weighed against

these bleeding risks (Hyers TM et al., 2001).
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II. Safety and efficacy of fondaparinux as an adjunctive treatment

to thrombolysis in patients with high and intermediate risk PE

I1.1 Objectives of the study

Intravenous, UFH is still considered as the standard of anticoagulant therapy for
patients with PE (Hyers TM et al., 2001). In recent years several studies evaluated
LMWH as alternatives to UFH for this indication. However, due to the small number
of PE patients in most of these trials, many clinicians have been reluctant to adopt
LMWH for treatment of acute symptomatic PE. A recent meta-analysis combined data
from 12 studies that included 1,951 patients with PE. It demonstrated that LMWH are
as safe and as effective as intravenous UFH in the treatment of non-massive PE
(Qunilan DJ et al., 2004).

In recent years, various novel anticoagulants have emerged that may offer benefit
over traditional anticoagulants in the treatment of patients with venous thrombosis.
Fondaparinux is an inhibitor of factor Xa. Although it is not a LMWH, it is similar in
that it is given by subcutaneous injection and does not require monitoring of
anticoagulation. Alternatives to unfractionated heparin are widely used for treating
DVT, but they are less widely used for PE because of concerns about efficacy. A
recent randomized, open-label study evaluated the efficacy of fondaparinux compared
to intravenous UFH in 2213 patients with acute symptomatic PE (The Matisse
Investigators. 2003). This is the largest randomized study published to date that
evaluated a novel anticoagulant "specifically”" in the treatment of patients with acute
symptomatic PE. The study demonstrated that once daily, subcutaneous fondaparinux
is at least as effective and as safe as UFH in treatment of patients with
hemodynamically stable PE. There was an absolute difference in favor of
fondaparinux of -1.2% compared to UFH with regards to the primary outcome of
recurrent VTE, however this did not reach statistical significance. Safety and
mortality were similar in both groups. At this time there are no direct head to head
trials that compare LMWH and fondaparinux in the treatment of PE. Overall, the

efficacy, safety, and mortality results are comparable for fondaparinux, LMWH, and
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UFH. Therefore, both LMWH and fondaparinux seem to be reasonable alternatives to
UFH in the treatment of patients with PE. Hawever, to date, the safety and efficacy of
fondaparinux as adjunctive therapy to thrombolysis has never been assessed in the
setting of high and intermediate risk acute PE, where UFH is currently the only
recommended molecule (Torbicki A et al., 2008). In addition, data from studies of
OASIS-6 conducted in ST elevation myocardial infarction (STEMI) patients receiving
thrombolytic therapy demonstrated that 2.5 mg of fondaparinux given once daily
significantly reduces mortality and reinfarction without increasing bleeding and
strokes, when compared with UFH (Yusuf S et al., 2006). Whether these results can
be extrapolated to patients suffering from high and intermediate risk pulmonary
embolism is unknown, since the use of higher doses of fondaparinux as an adjunctive
therapy to thrombolysis might be associated with an increased bleeding rate. Thus, in
this study, the aim of our study was to evaluate the safety and efficacy of a
combination of fondaparinux and thrombolysis in the setting of acute high and

intermediate risk PE.

I1.2 Results and personal publication

The results obtained in this prospective study is given in the publication “Safety
and efficacy of fondaparinux as an adjunctive treatment to thrombolysis in patients
with high and intermediate risk pulmonary embolism” (J Thromb Thrombolysis,

DOI 10.1007/s11239-008-0288-9).
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Abstract No data are available on the efficacy and safety
of a combination of fondaparinux and thrombolysis in the
setting of high to intermediate risk pulmonary embolism
(PE). Patients submitted to thrombolysis and fondaparinux,
presenting with >1 of the following criteria were included:
(1) cardiogenic shock, (2) syncope, (3) >1 proximal
thrombo-embolus at CT scan, (4) positive troponin test, (5)
echocardiographic findings indicating right ventricular
(RV) dysfunction. In-hospital results included death,
recurrent PE, persistent RV dysfunction at 48 h echocar-
diography, bleeding complications. Twenty seven patients
were included; 22 received a 2 h infusion of rt-PA and 5
received a 2 h infusion of streptokinase. Ten patients pre-
sented with cardiogenic shock (37%), 8 with syncope
(30%), all had RV dysfunction. 82% of patients had an
uneventful in-hospital course. One patient died during
hospital stay from refractory shock. Thrombolysis failed in
2 patients (7%), requiring successful rescue surgical
embolectomy. Bleeding events occurred in 2 patients (7%),
of whom 1 required blood transfusion. Despite the small
sample size, our data suggest that fondaparinux procures
adequate tolerability compared to standard current therapy
in combination with thrombolysis in high to intermediate
risk PE.
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Background

Fondaparinux is a synthetic and selective inhibitor of factor
Xa that has proven its efficacy and safety at different dose
regimens as a preventive and curative treatment of
thromboembolic disease when compared with heparins
[1-3]. Its pharmacokinetic properties allow a simple, fixed-
dose, once-daily regimen of subcutaneous injection without
the need for monitoring. The use of pharmacological pro-
phylaxis in patients undergoing major orthopedic surgery
was suspected to entail potential increased risks of major
bleeding, although this trend was not confirmed when
higher curative dosing regimens were used in the treatment
of DVT or low risk PE [1-3].

To date, the safety and efficacy of fondaparinux as
adjunctive therapy to thrombolysis have never been
assessed in the setting of high and intermediate risk acute
PE, where UFH is currently the only recommended mole-
cule [4]. However, data from studies conducted in ST
elevation myocardial infarction (STEMI) patients receiving
thrombolytic therapy demonstrated that 2.5 mg of fonda-
parinux given once daily significantly reduces mortality
and reinfarction without increasing bleeding and strokes,
when compared with UFH [5]. Whether these results can
be extrapolated to patients suffering from high and inter-
mediate risk pulmonary embolism is unknown, since the
use of higher doses of fondaparinux as an adjunctive
therapy to thrombolysis might be associated with an
increased bleeding rate.

In this context, the aim of our study was to evaluate the
safety and efficacy of a combination of fondaparinux and

@ Springer



S. Janin et al.

thrombolysis in the setting of acute high and intermediate
risk PE.

Materials and methods
Selection of patients

The study population was derived from a prospective,
single-center registry of patients with confirmed pulmonary
embolism.

Twenty seven patients with proven recent high and
intermediate risk pulmonary embolism (symptom onset
<15 days) were included in the registry between October
2006 and January 2008 if they met at least one of the
following criteria: (1) cardiogenic shock defined as sys-
tolic blood pressure <90 mmHg, or a pressure drop of
>40 mmHg, associated with clinical signs of organ hypo-
perfusion and hypoxia; (2) syncope; (3) one or more
proximal thrombo-embolus at CT scan; (4) positive tro-
ponin test; or (4) at least one echocardiographic finding(s)
indicating right ventricular dysfunction (RV/left ventricu-
lar end-diastolic diameter ratio >1 in the 4-chamber view,
paradoxical septal systolic motion or pulmonary hyper-
tension defined as a RV/atrial gradient >30 mmHg).

Patients with the following criteria were excluded:
(1) contraindication to thrombolytic therapy; or (2) renal
failure on admission, defined as creatinine clearance
<30 ml/min.

The study protocol was approved by the local Ethics
Committee and informed consent was obtained for all
patients enrolled in the study.

Medication

Streptokinase or rt-PA could be used, according to the
following regimens: (1) streptokinase was administered as
a continuous intravenous infusion of 1.5 million IU over
2 h (started after an infusion of 40 mg of methylprednis-
olone); and (2) rt-PA was infused at a dose of 70 mg or
100 mg over 2 h, according to body weight (if body weight
>70 kg, bolus of 10 mg followed by 90 mg over 2 h; if
body weight <70 kg, bolus of 7 mg followed by 63 mg
over 2 h). Both thrombolytics were only administered once
fibrinogen level rose above 1 g/l.

Fondaparinux was given immediately at the beginning
of thrombolytic infusion or before starting thrombolysis
while waiting for the confirmation of the diagnosis. In
heparin-pretreated patients referred for thrombolysis from
other departments, fondaparinux was administered 12 h
after the last injection of low molecular weight heparin. All
patients received a single daily subcutaneous injection of
5.0 mg fondaparinux (if their body weight was <50 kg),
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7.5 mg (if their body weight was 50 to 100 kg), or 10.0 mg
(if their body weight was >100 kg).

Vitamin K antagonists (fluindione) were initiated when
the patients were hemodynamically stable (48 to 72 h after
thrombolytic infusion). Doses were adjusted to obtain an
INR (International Normalised Ratio) target of 2.5 (range
2.0-3.0), for at least 6 months. Fondaparinux was stopped
when the INR stayed between 2.0 and 3.0 for at least 2
consecutive days.

Clinical end points and in-hospital follow-up
Efficacy end point

The efficacy endpoint of in-hospital course was a combined
endpoint including persistent clinical instability and
residual echocardiographic right ventricular dysfunction
within the first 36 h. Persistent clinical instability was
prospectively defined as the presence of at least two of the
following criteria: refractory cardiogenic shock; systemic
arterial hypotension (defined as systolic blood pressure of
<90 mmHg or a pressure drop of >40 mmHg for >15 min
if not caused by new-onset arrhythmia, hypovolemia, or
sepsis); severe hypoxemia (ie, room-air pulse oximetry of
<90% or PaO, without oxygen therapy of <55 mmHg); or
tachycardia (heart rate, >110 beats/min). Residual echo-
cardiographic right ventricular dysfunction was defined as
the persistence of at least two initial right ventricular
dysfunction criteria.

Adverse events such as death, recurrent PE, repeat
thrombolysis, surgical embolectomy and bleeding compli-
cations were noted throughout the hospital stay. Perfusion
lung scans were performed within 6-8 days after onset of
treatment. Perfusion impairment was graded as to the
proportion of lung not perfused [6]. Patients with symp-
toms suggesting PE and with new perfusion defects on the
lung scan or pulmonary angiogram were interpreted as
having recurrent PE.

Safety end point

The safety end point included major and important bleed-
ing complications.

Major bleeding complications were prospectively
defined as any bleeding event that required blood transfu-
sion, surgical control, discontinuation of thrombolytic or
anticoagulant treatment; hemorrhagic stroke confirmed by
computed tomography or autopsy; or any bleeding causing
death or defined as a fall of 15% in hematocrit. Important
bleedings, defined as a fall of 10% in hematocrit were also
recorded [7]. Other bleeding events were considered as
minor bleedings, and were not included in the safety end
point.
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Statistical analysis

Continuous variables are expressed as mean =+ standard
deviation; categorical variables are expressed as
percentage.

Results
Clinical presentation

The clinical characteristics of patients at hospital admission
are reported in Table 1.

The study population comprised 11 men (40.7%) and 16
women (59.3%), mean age 68 £ 11 years (range 42-86).
Twenty five proximal pulmonary embolisms were diag-
nosed with CT scan and one with ventilation-perfusion
lung scintigraphy. One patient who presented in cardio-
genic shock and with echocardiographic findings of severe
RV overload received thrombolytic therapy before spiral
CT scan examination.

Initial severity of PE

Ten patients (37.0%) presented with initial shock, 8
(29.6%) with syncope. The remaining 9 patients (33.3%)

Table 1 Patient characteristics at diagnosis

N =27

Sex

Male 11 (40.7%)

Female 16 (59.3%)
Age (years) 68 £ 11
History of thromboembolic disease 9 (33.3%)
Cardiopulmonary disease 3 (11.1%)
Hypertension 15 (55.5%)
Cancer 5 (18.5%)
Onset of symptoms

<5 days 12 (44.4%)

>5 days 15 (55.5%)
Syncope 8 (29.6%)
Heart rate >100 beats/min 14 (51.8%)
Cardiogenic shock 10 (37.0%)
ECG with RV overload 20 (74.1%)

DVT 17 (63.0%)

Tnl >0.15 ng/ml 12 (44.4%)
BNP >200 pg/ml 17 (63.0%)
Thrombolytic agent
Streptokinase 5 (18.5%)
rt-PA 22 (81.5%)

ECG: Electrocardiogram; RV: right ventricular; DVT: deep vein
thrombosis; Tnl: Troponin I; BNP: Brain Natriuretic Peptide

Table 2 In-hospital clinical outcome

N =27
Efficacy endpoint 3 (11.1%)
Death (recurrent PE) 1 (3.7%)
Persistent clinical instability 2 (7.4%)
Non-fatal recurrent PE 0
Bleeding endpoint 2 (7.4%)
Major bleeding 1 (3.7%)
Important bleeding 1 (3.7%)
Uneventful in-hospital course 22 (81.5%)

were hemodynamically stable, but presented initially with
high troponin I (i.e., Tnl >0.15 ng/ml) and BNP (i.e., BNP
>200 pg/ml) levels.

All patients had echographic criteria of right ventricular
dysfunction. Mean systolic pulmonary artery pressure was
56 £ 15 mmHg and all patients had a RV/atrial gradient
>30 mmHg.

Treatment and in-hospital course

Twenty two patients (81.5%) received rt-PA and 5 (18.5%)
streptokinase. Mean duration of fondaparinux administra-
tion was 8.6 & 4.0 days. Table 2 describes in-hospital
clinical outcome. Mean heart rate decreased by 21% (from
100 £ 22 to 79 + 18 beats/min), while mean systolic
blood pressure remained stable. Overall, the in-hospital
clinical course was uneventful in 22 patients (81.5%).

Efficacy outcomes

Three patients (11.1%) met the clinical efficacy endpoint. An
86-year-old woman died from recurrent pulmonary embo-
lism and refractory cardiogenic shock 3 h after admission.
Two patients (7.4%) had hemodynamic instability associ-
ated with persistent echocardiographic findings of severe
right ventricular dysfunction 24 h after fibrinolysis. Both
patients underwent successful surgical embolectomy.
Among the 24 remaining clinically stable patients, 3
(11.1%) had residual echocardiographic right ventricular
dysfunction as previously defined (persistence of at least
two initial right ventricular dysfunction criteria) (Table 3).

Safety outcomes

There was 1 major bleeding, and 1 important bleeding
(total 2 events, 7.4%). The major bleeding complication
occurred at the surgical site of a 71-year-old man who had
undergone elective hip replacement two weeks previously.
Management of bleeding in this patient required blood
transfusion. Fondaparinux was replaced by UFH in
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Table 3 In-hospital echocardiographic outcome

Echocardiographic Pre-thrombolysis ~ Post-thrombolysis
findings (N =27 (N = 26)
RVEDD/LVEDD ratio >1 18 (66.7%) 4 (15.4%)

Spap >30 mmHg 27 (100%) 20 (76.9%)
Intracardiac thrombus 3(11.1%) 0

Paradoxical septal motion 17 (63.0%) 4 (15.4%)

At least 2 of the above 22 (81.5%) 5 (19.2%)

RVEDD = Right ventricular end-diastolic diameter; LVEDD = Left
ventricular end-diastolic diameter; SPAP = systolic pulmonary artery
pressure

order that anticoagulant treatment could be neutralized if
recurrent bleeding occurred. Infusion of recombinant
coagulation factor VIla and surgery were not required. A
57-year-old man with cirrhosis experienced an important
bleeding complication without any identifiable bleeding
site. Fondaparinux was not stopped. Clinical evolution of
these 2 patients was favorable.

Discussion

Fondaparinux is a synthetic and selective inhibitor of factor
Xa that has proven its efficacy and safety as a preventive
and curative treatment of thromboembolic disease. The
predictable and sustained anticoagulant effect of this drug
for 24 h allows once-daily injection, and since it does not
cross-react with heparin-induced antibodies, platelet count
monitoring is no longer needed.

Our study is the first study to report the immediate
clinical course of acute pulmonary embolism patients who
received fondaparinux as adjunctive therapy to thrombol-
ysis in the setting of acute high and intermediate risk
pulmonary embolism.

Efficacy end point

Three patients (11.1%) met the clinical efficacy endpoint
criteria, of whom one patient died from refractory shock
and two patients required successful surgical embolectomy
for persistent clinical instability. This confirms our previ-
ous findings reporting 8.2% of failed thrombolysis in UFH
treated patients [8]. Moreover, the mortality rate was 4.3%
in PE patients treated with thrombolysis and UFH in a
recently published meta-analysis [9]. Fondaparinux thus
seems to have similar in-hospital efficacy to UFH in the
setting of PE submitted to thrombolysis, confirming results
observed in the setting of stable thrombo-embolic disease
[1, 2]. Additionally, this corroborates data on the efficacy
of a fondaparinux-thombolysis association observed in the
initial treatment of STEMI [5].
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Safety end point

Two bleeding complications (7.4%) occurred during
in-hospital course, including one important bleeding
(3.7%) without any identifiable bleeding site and one major
bleeding (3.7%) at the surgical site of an elective hip
replacement. In a previous meta-analysis, fondaparinux
2.5 mg once daily was associated with a trend towards an
increase in the incidence of major bleeding complications
in patients undergoing orthopedic surgery [3]. However, in
the initial treatment of hemodynamically stable patients
with DVT and PE, fondaparinux 5-10 mg was associated
with low rates of major bleedings (1.1% and 1.3%,
respectively) [1, 2]. In the meta-analysis by Wan [9], major
bleedings occurred in 9.1% of patients treated with
thrombolysis and UFH, whereas in MAPPET-3, major
bleedings occurred in 0.8% of patients submitted to
thrombolysis [10]. Although the small sample size of this
study does not make it possible to draw any definitive
conclusions, the combination of fondaparinux and throm-
bolysis does not seem to be associated with an increase in
bleeding events compared with UFH.

Limitations

This study is not a prospective randomized controlled trial
and should be considered as pilot study derived from a
single-center registry. As in most registries, neither diag-
nostic work-ups nor therapy were controlled. Moreover,
our study is clearly under-powered, and no definitive
conclusions can be drawn on the basis of these results.

Conclusion

Although the sample size of this pilot study is too small to
firmly establish the safety and efficacy of fondaparinux as
an adjunctive therapy to thrombolysis in the setting of
massive and submassive acute PE, our results indicate that
fondaparinux procures adequate tolerability compared to
standard current therapy in this indication.

A randomized trial is warranted before administration of
a combination of thrombolysis and fondaparinux in routine
clinical practice can be advocated in this setting.
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I1.3 Discussion

Fondaparinux is a synthetic and selective inhibitor of factor Xa that has proven its
efficacy and safety as a preventive and curative treatment of thromboembolic disease.
The predictable and sustained anticoagulant effect of this drug for 24 hours allows
once-daily injection, and since it does not cross-react with heparin-induced antibodies,
platelet count monitoring is no longer needed. Our study is the first study to report the
immediate clinical course of APE patients who received fondaparinux as adjunctive
therapy to thrombolysis in the setting of acute high and intermediate risk PE. In our
study, three patients (11.1%) met the clinical efficacy endpoint criteria, of whom one
patient died from refractory shock and two patients required successful surgical
embolectomy for persistent clinical instability. This confirms our previous findings
reporting 8.2% of failed thrombolysis in UFH treated patients (Meneveau N et al.,
2006). Moreover, the mortality rate was 4.3% in PE patients treated with thrombolysis
and UFH in a recently published meta-analysis (Wan S et al., 2004). Fondaparinux
thus seems to have similar in-hospital efficacy to UFH in the setting of PE submitted
to thrombolysis, confirming results observed in the setting of stable thrombo-embolic
disease (Buller HR et al., 2004 and Buller HR et al., 2003). Additionally, this
corroborates data on the efficacy of a fondaparinux -thombolysis association observed
in the initial treatment of STEMI (Yusuf S et al., 2006).

In our study, two bleeding complications (7.4%) occurred during in-hospital course,
including one important bleeding (3.7%) without any identifiable bleeding site and
one major bleeding (3.7%) at the surgical site of an elective hip replacement. In a
previous meta-analysis, fondaparinux 2.5 mg once daily was associated with a trend
towards an increase in the incidence of major bleeding complications in patients
undergoing orthopedic surgery (Turpie AG et al., 2002). However, in the initial
treatment of hemodynamically stable patients with DVT and PE, fondaparinux 5-10
mg was associated with low rates of major bleedings (1.1% and 1.3%, respectively)
(Buller HR et al., 2004 and Buller HR et al., 2003). In the meta-analysis by Wan,
major bleedings occurred in 9.1% of patients treated with thrombolysis and UFH
(Wan S et al., 2004), whereas in MAPPET-3, major bleedings occurred in 0.8% of
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patients submitted to thrombolysis (Konstantinides S et al., 2002). Although the small
sample size of this study does not make it possible to draw any definitive conclusions,
the combination of fondaparinux and thrombolysis does not seem to be associated

with an increase in bleeding events compared with UFH.

I1.4 Conclusion

Our study suggests that the combination of fondaparinux and thrombolysis in acute
massive and submassive PE is safe and effective. However, a pilot study, even though
it may be convincing, is not enough to support formal recommendation. A controlled
study including a higher number of patients with massive and submassive PE is

needed to formally recommend fondaparinux use in this situation.
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C. GENERAL DISCUSSION AND
CONCLUSION
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Thromboembolic events are serious and common diseases, affecting persons of
all ages. Their etiology encompasses a wide variety of physiopathological causes and
they frequently lead to hospitalization with serious consequences requiring prompt
therapeutic intervention. AMI and stroke caused by compromised arterial flow
resulting in ischemia make up the majority of these thromboembolic events. However,
VTE continue to increase in incidence and have posed formidable treatment issues for
clinicians involved in their management.

Venous and arterial thromboembolic disorders are usually considered as two
distinct disease entities. At first this belief appears to be indisputable. Arterial thrombi
consist mainly of platelets and are induced by arterial plaque ruptures which tend to
occur at sites where shear rates are high. Conversely, venous thrombi mainly consist
of red blood cells and fibrin and tend to occur at sites where the vein wall is often
normal, but blood flow and shear rates are low (Agnelli G, et al., 2006). Furthermore,
major, known risk factors for arterial thrombosis (e.g. tobacco smoking, arterial
hypertension, diabetes, and dyslipidemia) are completely different from risk factors
that are known to provoke venous thrombosis, such as trauma, surgery and cancer.
However, mechanisms beyond the development of venous and arterial thrombi are far
more complex and certainly have more links, such as endothelial dysfunction,
inflammation and coagulation/fibrinolysis. Moreover, there also remains much to be

understood about risk factors of venous thrombosis, given that currently as many as
26% to 47% of all VTE events remain classified as “unprovoked” or “idiopathic”

(White RH., 2003). Our interest in the hemostasis/coagulation system, as a
background for thromboembolic disorders, and the different situations of France and
China regarding the epidemiology, diagnosis, and management of both coronary
diseases (and their thrombobotic complications) and VTE, led us to work on both
types of events related to thrombosis.

In our study, firstly, we investigated the early changes in local intracoronary
hemostasis following DES and BMS implantation in patients with SA or silent

ischemia under dual antiplatelet and anticoagulant pretreatment. In addition, the
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present analysis was also performed to test for possible associations between the
PAI-14G/5G gene polymorphism and early change in local intracoronary hemostasis
following PCI procedures. Local levels of hemostasis markers were assayed at various
time points before and after stent implantation. In addition, early local hemostasis
response was compared before and after DES and BMS implantation to assess
whether DES would induce earlier thrombogenicity than BMS. Our results
demonstrated that the hemostatic activation occurs after balloon-induced vessel injury;
however neither DES nor BMS further increases markers of platelet activation,
coagulation or fibrinolysis in SA patients under dual antiplatelet and anticoagulant
pretreatment. Balloon angioplasty induces a transient local haemostatic activation
likely due to vessel shrinkage and arterial wall injury. This response is more obvious
in patients with 4G/5G polymorphism of the PAI-1 gene. We conclused that
pretreatment with anti-thrombotic medications in patients with SA effectively
prevents or limits further consequences of the initial injury caused by angioplasty
following coronary DES or BMS implantation.

PE is a common disorder and an important cause of morbidity and mortality.
Anticoagulation is an effective treatment for PE. Anticoagulation, by preventing clot
propagation, allows endogenous fibrinolytic activity to dissolve existing
thromboemboli. Thrombolytic therapy, by actually dissolving thromboemboli, has
several potential advantages over anticoagulation in the treatment of patients with PE.
First, it should produce more rapid clot lysis and result in faster improvement in
pulmonary perfusion, hemodynamic alterations, and gas exchange. Second,
thrombolysis should eliminate venous thrombi and thereby reduce the incidence of
recurrent PE. Third, rapid and complete clot resolution should prevent the
development of chronic vascular obstruction and reduce the incidence of pulmonary
hypertension. Finally, through all of these mechanisms, thrombolytic therapy should
reduce morbidity and mortality from PE. Thus, the second aim of our study was to
evaluate the safety and efficacy of a combination of fondaparinux and thrombolysis in
the setting of acute high and intermediate risk PE. Our data suggest that the
combination of fondaparinux and thrombolysis in acute massive and submassive PE is
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safe and effective.

Xinjiang is a cold region of North-Western China. It is also a multi-ethnic
residential area, shared by Uygur, Kazakh, Tajik, Hui, Uzbek, Kyrgyz, Man, Mongolia,
Tatar, Darur, Xibo, and Russian “minorities” as well as by the ethnic group of Hans,
which composes the majority of Chinese people. Because of the climate and original
and diverse cultural habits, in Xinjiang, a high-calories and high-fat diet is common.
Populations in Xinjiang may thus be more exposed to thrombo-embolic diseases than
other parts of China, where the diet is rich in vegetables and poor in fat and in food of
animal origin. Simple clinical observation, however, seems to show that incidence of
coronary diseases is increasing, as part of the state of “epidemiological transition
phenomenon”, as defined by the World Health Organisation, which accompanies
“Western-style” economical development in China. Conversely, VTE seems to be still
rather rare. Development of sophisticated diagnosis procedures, which are now
available in our University Hospital in Xinjiang, should allow us to distinguish
between an actual low incidence level of VTE and a lack of proper diagnosis of VTE
conditions, espcecially PE. Based on our knowledge of thrombo-embolic events and
of epidemiological methodologies gained from our personal training in France, we
would like, first, to scientifically assess the epidemiology of thromboembolic events,
especially VTE, in our hospital and more globally in Xinjiang, a region which gives
us the opportunity to distinguish between populations with different genetic
backgrounds and different diets, occupations and behaviors. We should also
participate in the application of international recommendations for the treatment and
follow-up of these diseases in our hospital. On the other hand, we would like to work
on the clinical follow-up of patients after PCI to answer some of the questions which
were not completely elucidated by our thesis work. We intend to develop protocols to
further study the links between inflammation and hemostasis/coagulation in situ,
during PCI, and the possible influence of genetic polymorphisms, that are likely
different in the different ethnic groups. Ideally, such a work should associate France

and China to allow us interesting comparisons.
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Summary in French
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Résumé

Dans les pays occidentaux, les manifestations thromboemboliques induisent une
morbidité et une mortalité majeure. De part leur diversité d'expression clinique, les
thromboses concernent en effet de nombreuses disciplines cliniques : angiologie,
anesthésiologie, cardiologie, gynécologie obstétrique, hématologie, médecine interne,
neurologie... Donc, la maladie thrombotique atteint le systéme veineux, ou le débit et
la pression sanguine sont faibles mais aussi le systéme artériel, ou ces deux
parametres sont €élevés. La composition du thrombus (riche en plaquettes dans les
arteres et riche en fibrine dans la veine) et la présence d'une lésion de la paroi
vasculaire (athérome dans la thrombose artérielle), différencient la thrombose
veineuse de la thrombose artérielle. Toutefois, les distinctions ne sont pas absolues et
il existe des mécanismes communs. L'activation anormale de I'hémostase est au coeur
de l'initiation de toutes les thromboses. Cette activation anormale peut étre favorisée
par une prédisposition génétique, présente durant toute la vie. Elle peut, par ailleurs,
étre favorisée par les effets transitoires ou prolongés, immédiats ou retardés, de
facteurs environnementaux capables de moduler le risque artériel ou veineux.

Les techniques d'imagerie de plus en plus précises constituent un support
indispensable a I'approche clinique des maladies vasculaires. En parall¢le la biologie a
apporté aux cliniciens de nouveaux outils permettant de mieux comprendre comment
se développe la thrombose et pourquoi certains sujets sont plus exposés au risque de
thrombose, artérielle ou veineuse. Cette définition des profils de risque thrombotique
doit permettre a terme une meilleure prise en charge thérapeutique, reposant sur des

consensus issus d'études cliniques rigoureuses.

A. Prévention et Traitement de la Thrombose en Cardiologie
Interventionnelle

I. Introduction:

Pour le traitement de la maladie coronarienne, la mise en place d’un stent compléte de
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nos jours la plupart des angioplasties coronaires percutanées. Elle permet de traiter les
complications locales dues a I’angioplastie par ballon et a plus long terme de diminuer
le taux de resténose intra coronaire (Fischman DL et al., 1994 et Serruys PW et al.,
1994).

Il existe deux problémes secondaires a I’implantation du stent :

- Le taux de resténose a 6 mois. Il reste ¢levé, de 15 a 40% (Savage MP et
al., 1994). 1l s’agit d’une resténose intra-stent due a une hyperplasie
intimale (Phillips DF et al., 1996 et Schwartz RS et al., 1998).

- Le taux de thrombose de stent. Il varie selon les études de 0,5% a 1,9%
(Cutlip DE et al., 2001 et Orford JL et al., 2002).

La traduction clinique de la resténose et de la thrombose est trés différente. La
resténose s’exprime par un angor d’effort ou un syndrome coronarien aigu sans
sus-décalage du segment ST. Il n’y a pas d’augmentation de la mortalité dans ce cas.
La thrombose de stent est révélée par un syndrome coronarien aigu avec sus-décalage
du segment ST. Elle est donc associée a un haut taux de morbidité et de mortalité
(45 %) (Orford JL et al., 2002).

L’emploi de stents recouverts de sirolimus ou de paclitaxel, des drogues
immuno-suppressives antiprolifératives a permis de réduire le taux de resténose a 6
mois de 70 % environ (Sousa JE et al., 2001, Liistro F et al., 2002, Morice MC et al.,
2002, Arampatzis CA et al., 2003, Degertekin M et al., 2003, Park SJ et al., 2003,
Schofer J et al., 2003, Babapulle MN et al., 2004, Colombo A et al., 2004, Holmes DR
Jr et al., 2004, Schampaert E et al., 2004 et Serruys PW et al., 2004), au prix d’un
possible risque accru de thrombose. Il n’y avait pas de différence significative dans
les essais randomisés initiaux, qui avaient ¢été réalisées avec un petit nombre de
patients trés sélectionnés. En revanche, 4 études prospectives de cohortes sur
plusieurs milliers de patients ont fait état d’un risque accru de thrombose apres stent
actif (Drug eluting stent, DES) [1,3 % versus 0,6 % aprés stent conventionnel,
(Bara-metal stent, BMS)] (Stabile E et al., 2004, Bavry AA et al., 2005, Derghazarian
S et al,. 2005).

On distingue les thromboses de stent précoces des thromboses tardives. Un retard a
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I’endothélialisation du stent expliquerait les thromboses tardives et la nécessité d’un
traitement antiagrégant prolongé. Cette hypothese physiopathologique est étayée par
différentes études qui ont mis en évidence des facteurs de risque de thrombose
compatibles avec ce retard a I’endothélialisation : arrét prématuré du traitement
antiagrégant, utilisation de DES long, 1ésions de bifurcation, sous-déploiement du
stent (Kastrati A et al., 2005, Katritsis DG et al., 2005, Karvouni E et al., 2005,
Kittleson MM et al., 2005, Mauri L et al., 2005, Moreno R et al., 2005, Ong AT et al.,
2005)....

Un risque accru de thrombose précoce de DES a également été décrit [TAXUS V
ISR randomized trial] (Stone GW et al., 2006). La thrombose précoce de DES aurait
une autre explication physiopathologique. Il pourrait s’agir 1) d’une activation locale
de la coagulation, de I’agrégation plaquettaire, et du systéme fibrinolytique du fait du
traumatisme de la paroi artérielle par ’inflation du ballon ; et/ou 2) activation locale
de la coagulation, de 1’agrégation plaquettaire et du systéme fibrinolytique du fait de
la présence du DES (métal + polymere + substance active).

Le diabete et I’insuffisance rénale, deux situations pour lesquelles on décrit une
activation de I’hémostase a 1’état basal, sont d’ailleurs des facteurs de risque prédictifs

d’une thrombose de DES précoce (Hermiller JB et al., 2005, Iakovou I et al., 2005).

II. Objectifs de I’étude « Modifications précoces de I’activation de
I’hémostase aprés intervention coronarienne percutanée chez des
patients avec angor stable : comparaison entre stents actifs et stents

conventionnels »

L’hypothese d’une activation locale de ’hémostase aprés implantation d’un DES sous
traitement anticoagulant et antiagrégant plaquettaire n’a jamais regu de confirmation
formelle.

Objectif principal :

Il était d’évaluer D’activation locale de la coagulation, des plaquettes et de la
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fibrinolyse, a 1’état basal, aprés angioplastie par ballonnet et apreés pose d’un DES,
sous traitement antiagrégant et anticoagulant.
Objectif Secondaires :

11 était d’évaluer I’activation de I’hémostase locale apres pose d’un BMS.

III. Criteres de jugement

Le critére principal de jugement a été la mesure de I’activité du facteur tissulaire
(TF), avec une augmentation attendue de 50% apres pose du DES.

Les critéres secondaires étaient 1’étude de 1’évolution entre 1’état basal et la pose du
DES pour les autres facteurs de ’activation de I’hémostase.

Une étude paralléle a ét¢ conduite dans les mémes conditions avec le groupe de
patients ayant bénéfici¢ d’un BMS sachant que I’augmentation attendue pour
I’activité du TF est de 30% apres pose du BMS.

Critéres d’inclusion

Les criteres d’inclusion étaient les suivants :

1. Homme ou femme,

2. De 18 a 80 ans,

3. Lésion coronaire justifiant d’une angioplastie avec pose d’'un BMS ou d’un DES,

4. Apres signature d’un consentement éclairé.

Critére d’exclusion :

Les criteres d’exclusion étaient les suivants :

1. Syndrome coronarien aigu avec sus-décalage du segment ST,

. Lésions de bifurcations,

. Présence de thrombus au sein de la 1ésion,

S~ W

. Patient sous anti-GIIbllIa,
. Patient avec une néoplasie active,
. Patients insuffisants rénaux (clairance de la créatinine inférieure a 30 mL /min),

. Patient ne pouvant donner leur consentement,

oIS e Y

. Femme enceinte.
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IV. Méthodes

Les préléevements ont été réalisés dans 1’artére coronaire, au niveau de la 1ésion, avant
I’angioplastie, 15 minutes apres I’angioplastie et 15 minutes apres la pose de stent. Ils
ont ¢été effectués a travers un cathéter de thrombo-aspiration. Il a été démontré dans
plusieurs études que le prélévement a travers un cathéter n’augmentait pas
artificiellement les marqueurs de 1’hémostase (Inoue T et al., 1996, Watkins MW et al.,
1998).

Complément d’étude

Le méme protocole a été réalisé chez des patients recevant un BMS. Les patients
avaient des caractéristiques différentes dans les deux groupes, empéchant une
comparaison de type « cas-témoin » mais donnant des informations sur la
responsabilité du DES en lui-méme.

Pour prendre en compte les caractéristiques génétiques des patients nous avons
aussi inclus dans notre étude I’analyse du polymorphisme 4G/5G du PAI-1.
Marqueurs de ’hémostase étudiés
Pour essayer de mettre en évidence cette activation in situ de I’hémostase en dépit du
traitement anticoagulant par enoxaparine et antiagrégant plaquettaire par aspirine et
clopidogrel, nous avons choisi des marqueurs d’activation plaquettaire, de la
coagulation et de la fibrinolyse:

* [’activation plaquettaire

Les patients sont sous traitement antiagrégant par aspirine en association avec du
clopidogrel. 11 y a donc peu d’activation plaquettaire attendue au cours de
I’angioplastie. Pour essayer de mettre en évidence une activation plaquettaire malgré
le traitement, nous avons choisi des marqueurs d’activation plaquettaire « sensibles »
et reproductibles (Tomer A., 2004):

- dosage de I’anticorps CD62(CD62P),

- dosage de la glycoprotéine V (sGPV).

* La coagulation et la fibrinolyse
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Les marqueurs de I’activation de la coagulation et de la fibrinolyse retenus ont montré
leur pertinence dans différentes situations cliniques associées a un haut risque de
thrombose ou a une activation locale de ’hémostase (Meade TW et al., 1996, Miller
Gl et al., 1996, Zito F et al., 2000, Kalweit G et al., 2005).
Pour la coagulation nous avons réalisé

- la mesure de I’activité du facteur VII (FVIIa),

- la mesure de I’activité du facteur tissulaire (TF),

- le dosage des fragments 1 et 2 de la prothrombine (F1+2).

Pour la fibrinolyse nous avons réalisé

- le dosage des D-Dimeres (DD),

- le dosage du fibrinogene (FIB),

- le dosage du tissue plasminogen activator (t-PA),

- le dosage des plasminogen activator inhibitor type-1 complexes (PAI-1).
Nombre de patients :
Il a été calculé selon les hypotheses de 1’objectif principal : augmentation attendue de
I’activité¢ du TF de 50% apres pose du DES et de 30% avec un BMS et pour une
valeur moyenne du dosage de 1’activité du TF a 1’état basal de 9.5 pg/ml (Sd = 13.5),
pour un risque o = 0.05, un risque B = 0.05 (puissance statistique du test de 80%),
(stent actif: po =9.5 ; pa = 14.25 ; A=4.75, stent conventionnel : p0o=9.5 ; ya=2.85;
A= 6.65). Il a semblé raisonnable de prévoir I’inclusion de 20 sujets.
Analyse statistique :

- Description des patients inclus dans les deux groupes : la comparabilité des
groupes a ¢€té vérifiée par une analyse bivariée. Les variables suivantes ont été
considérées : variables démographiques (age, sexe, etc.) ; marqueurs de I’hémostase ;
variables descriptives de la maladie coronaire (site d’angioplastie, taille du vaisseau,
nombre de vaisseaux malades, fraction d’éjection du ventricule gauche, etc.) et
variables descriptives du type d’angioplastie (taille et pression du ballon, type de
prothese).

- Pour chaque groupe : une analyse de variance a été réalisée sur mesures répétées
en tenant compte du type de prothése et de la taille de 1’artere.

74



- La comparaison des variables quantitatives et qualitatives entre les deux
groupes a été effectuée a titre exploratoire.

L’analyse statistique a été effectuée a I’aide des logiciels SAS.

V. Résultat

Nous n’avons pas observé de modification significative des marqueurs d’activation
plaquettaire apres la procédure d’angioplastie coronaire percutanée (Percutaneous
Coronary Intervention, PCI). Les marqueurs de la coagulation augmentaient
significativement 15 minutes aprés 1’angioplastie par ballon (14% pour TF, p = 0.004 ;
40% pour F1+2, p = 0.001 ; et 31% pour FVIla, p = 0.007)), de méme que les
marqueurs de la fibrinolyse (43% pour DD, 46% pour FIB, 60% pour t-PA et 70%
pour PAI-1; p < 0.0001). Tous les marqueurs de 1’hémostase sont revenus a 1’état
basal apres la pose du stent. Il n y avait pas de différence significative entre DES et
BMS quelque soit le marqueur d’hémostase.

S’agissant du polymorphisme 4G/5G du PAI-1, la distribution du génotype chez
nos patients francais avec une maladie coronaire stable était de 30% (6 patients) pour
4G/4G, 60% (12 patients) pour 4G/5G et 10% (2 patients) pour 5G/5G. L’importance
de I’augmentation de PAI-1, DD et FVIla aprés angioplastie était d’autant plus
manifeste que les patients étaient hétérozygotes 4G/5G, comparés aux homozygotes

4G/4G et 5G/5G (P =0.01, respectivement).

V1. Discussion

Prétraitement et activation de I’hémostase locale

Anti-agrégants plaquettaires et anticoagulants minimisent les complications de
thrombose apres PCI. Les caractéristiques basales des plaquettes de sont prédictives
de l'activation ultérieure des plaquettes et peuvent identifier les malades qui pouraient
le plus probablement profiter d'anti-agrégants plaquettaires et d’anticoagulants plus
agressifs (Gurbel PA et al., 2000). Dans cette étude, la combinaison utilisée de trois
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médicaments (aspirine, clopidogrel et enoxaparine) s’est révélée limiter 1'activation de
I’hémostase de facon satisfaisante avant la procédure. Nos résultats ont montré que les
niveaux de CD62P et sGPV dans 1'ostium coronaire et dans l'artére coronaire au-dela
de la lésion étaient similaires avant la procédure de PCI et qu’ils étaient dans la
gamme de référence normale. Ce résultat suggere que les caractéristiques basales des
plaquettes sont prédictives d'un risque peu élevé de thrombose du stent chez les
malades avec angor stable.

L'aspirine est un médicament anti-agrégant plaquettaire largement utilisé et trés
bien documenté pour réduire la morbidit¢ et la mortalité cardio-vasculaires
(Antithrombotic Trialists” Collaboration. 2002). Les effets anti-agrégants plaquettaires
de l'aspirine sont liés a l'inhibition irréversible de la cyclooxygénase (COX) des
plaquettes, et a la diminution de la production du thromboxane A2, vasoconstricteur
puissant et'activateur des plaquettes (TxA2). Les essais thérapeutiques récents contre
placébo ont montré une excellente protection avec 75 mg d’aspirine quotidiennement
chez les malades avec angine de poitrine stable (Juul-Moller S et al., 1992) ou instable
(The RISC Group. 1990). Plus récemment, I’étude « CURE » a démontré que
l'addition de clopidogrel a l'aspirine était associée a une réduction de 20% de la
mortalité par infarctus du myocarde chez les malades avec syndromes coronariens
aigus (Yusuf S et al., 2001). De méme, quelques études récentes ont montré que le
clopidogrel, notamment avec une dose de charge de 300 mg, supprimait rapidement
l'agrégation des plaquette chez les sujets sains et les malades atteint d'athérosclérose,
des 2 h apres la prise (Savcic M et al., 1999).

L’enoxaparine est utilisée fréquemment chez les malades qui doivent bénéficier
d’une PCI. Les avantages théoriques des héparines de bas poids moléculaire (HBPM)
par rapport a I’héparine non fractionnée comprennent 1) une activité anti-Xa
supérieure a l'activité anti-Ila (3:1 pour I’enoxaparine), 2) un effet dose-réponse plus
prévisible, qui réduit la nécessit¢ d’un suivi biologique fréquent, 3) la facilité de
I’administration sous-cutanée et 4) la diminution voire 1’absence de risque de
thrombopénie.

Plusieurs études rétrospectives ont suggéré que le prétraitement avec des statines
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pourrait réduire l'incidence de l'infarctus du myocarde apres l'intervention sur les
coronaires (Pasceri V et al., 2004). Par ailleurs, une étude précédente a montré que
les inhibiteurs des récepteurs de 1’angiotensine II avaient aussi des propriétés
anti-inflammatoire et diminuaient l'agrégation plaquettaire (Kramer C et al., 2002).

Notre étude montre qu‘en cours de PCI, il n’y a aucune modification significative
des marqueurs d'activation des plaquettes chez les malades sous traitement
anti-agrégant plaquettaire combiné. Cette observation suggere un effet rapide du
prétraitement pour supprimer l'activitation des plaquettes dans les coronaires. Nos
résultats suggerent aussi que ce prétraitement combiné inhibe suffisamment
l'activation des plaquettes chez les malades avec angine de poitrine stable qui
bénéficient d’une pose de stent. Ils confirment les observations de Mizuno et
collaborateurs (Mizuno O et al., 2000) qui n'ont pas rapporté de modification dans
l'activation des plaquettes apres angioplastie par ballonnet ou aprés 'implantation de
stent sous aspirine et ticlopidine ; en revanche, dans leur étude, les marqueurs
d'activation des plaquette augmentent significativement tout de suite aprés une
athérectomie rotative transluminale des coronaires chez les malades qui ne recoivent
pas de traitement anti-agrégant plaquettaire. De méme, Grégorini et collaborateurs
(Gregorini L et al., 1997) ont rapporté que 1'usage combiné de ticlopidine, d'aspirine,
et d’héparine prévenait efficacement l'activation des plaquettes chez les malades
atteints d'angine de poitrine traités par athérectomie transluminale.

On ne peut exclure que, dans notre étude, 1'utilisation fréquente des statines, des
inhibiteurs de I’enzyme de conversion de 1’angiotensine ou des inhibiteurs des
récepteurs de [’angiotensine ait peut-&tre contribu¢ a I'inhibition observée de

l'activation des plaquettes.

L’activation locale des plaquettes aprés PCI

L'activation des plaquettes joue un rdle clé dans le développement de la thrombose
précoce des stents. L'implantation de stents coronaires induit des altérations de la
paroi vasculaire et une modification du flux sanguin local et active donc la voie

intrinséque du systéme de coagulation. Cette activation participe de fagon importante
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a la physiopathologie de la thrombose artérielle aigué et subaigué qui limitent le
succes immeédiat et a court terme des PCIL. Dans la littérature, il n'y a pas de preuve
d’une quelconque corrélation entre les complications qui accompagnent la pose de
stent actif et des paramétres de I’hémostase, sauf pour 1’activité du TF (Steffel J et al.,
2005, Stahli BE et al., 2006 and Liischer TF et al., 2007). A notre connaissance, notre
¢tude est la premiere investigation de la réponse plaquettaire locale avant
I'implantation de DES chez des malades avec angor stable prétraités par une HBPM
(enoxaparine) et un traitement anti-agrégant plaquettaire associant aspirine et
clopidogrel. L’observation intéressante apportée par notre étude est que les taux de
CD62P et de sGPV ne changent pas au décours immédiat de la pose du DES chez les
malades avec angine de poitrine stable. Cette absence de modification est ¢galement
observée chez les malades traités avec un BMS et DES. On peut donc conclure que
les médicaments immunosuppresseurs associés au stent « actif » ou le polymere qui
permet d’en recouvrir le stent n’influencent pas la réponse plaquettaire locale, au
moins a trés court terme apres la pose du stent. Ces résultats suggerent que le risque
de thrombose précoce sur stent est bas, et qu’il est similaire aprés implantation de
DES et de BMS chez les malades avec angor stable et pré-traitement anti-agrégant
plaquettaire combiné. Nos résultats, pourraient s’expliquer par le court délai entre les
prélévements et la pose du stent. Cependant, dans un modele expérimental chez le
porc, il a pu étre démontré que I’implantation de DES ne s’accompagnait pas de plus
de thrombose que celle de BMS dans les 24 premieres heures apres l'intervention
(Gyongydsi M et al., 2006). Ces observations expérimentales semblent confirmer nos

propres résultats chez ’homme.

L’activation locale de la coagulation et de la fibrinolyse aprés PCI

L’autre résultat intéressant de notre étude est 1’augmentation significative, dans la
circulation intracoronaire, de la coagulation et de la fibrinolyse locales suite aux
Iésions pariétales induites par le ballonnet d’angioplastie. Ceci confirme des études
précédentes montrant que la blessure de la paroi artérielle causée par la PCI peut
entrainer 1'activation de ’hémostase et conduire a une thrombose localisée et a une
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embolisation distale ; les données des différentes études sont cependant discordantes
sur ce point (Inoue T et al., 1996, Korovesis S et al., 2000, Borries M et al., 1999,
Shammas NW et al., 1994). Il existe une activation importante et précoce du systeme
de la coagulation, probablement liée a 1’altération de I’endothelium et a la rupture
de la plaque d'athérome lors de I’inflation du ballonnet qui représente un traumatisme
pour la paroi artérielle. Ce phénomene active les facteurs prothrombiniques menant a
I’activation de I’hémostase locale (Gyongyosi M et al., 2006, Korovesis S et al., 2000
et Philipp R et al., 2003). Nous n’avons pas mesuré en paralléle les parametres de
coagulation et de fibrinolyse dans le sang périphérique. Cependant il est treés
vraisemblable que les modifications des marqueurs que nous avons observées dans la
circulation coronaire ne font pas intervenir une réponse systémique, qui exige un
temps plus long. D’ailleurs, il est important de constater que tous les marqueurs de
coagulation et de fibrinolyse locale sont revenus aux valeurs de base aprés
I'implantation du stent. Ces résultats sont conformes a une étude précédente qui
montrait que [’activit¢ du TF des monocytes n'était pas augmentée apres
l'implantation de stent chez des malades avec angor stable (Agraou B et al., 1997).
Plusieurs observations suggérent que le systéeme de fibrinolyse joue un rdle
important dans la réponse hémostatique a la blessure de la paroi de l’arteére. Les
¢tudes cliniques qui ont étudi¢ les taux de PAI-1 avant et/ou aprés PCI ont montré des
résultats opposés. Plusieurs études ont suggéré l'existence d'une augmentation des
taux de PAI-1 immédiatement apres PCI (Ishiwata S et al., 1997 et Muldowney JA 3rd
et al., 2007), bien que d’autres études aient rapporté une diminution de PAI-1 dans ces
mémes circonstances (Huber K et al., 1992 et Prisco D et al., 2001). Le FIB a été
proposé comme marqueur prédictif des événements cliniques défavorables aprés PCI
(Maresca G et al, 1999). Contrairement aux autres marqueurs d’hémostase, les
D-dimeres seraient plus stables et utiles pour déterminer non seulement l'activation de
la fibrinolyse mais aussi la sévérit¢ de I’état hypercoagulabilité. Nos résultats
confirment que les quatre marqueurs sont sensibles au traumatisme de la paroi
vasculaire puisque leurs taux sont augmentés apres pré-dilatation par le ballonnet.
Cependant, cette augmentation n’est que passagere et l'implantation d'un stent a pour
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résultat un retour a la base de toutes ces valeurs, ce qui vraisemblablement leur enléve
toute valeur prédictive. On peut supposer que l’implantation du stent qui suit la
dilatation par inflation du ballonet lors de 1’angioplastie est capable, en stabilisant la
plaque d’athérome, de limiter les stimulus hémodynamiques et chimiques de

I’agrégation plaquettaire et de réduire ’activation de la coagulation.

Comparaison entre DES et BMS pour leurs effects sur ’activation locale de
I’hémostase intracoronarienne :

Malgré la réduction du taux de re-sténose, la fréquence des thromboses du stent n'a
pas diminué avec les DES comparés aux BMS (Moreno R et al., 2005, Bavry AA et
al., 2005 et Bavry AA et al., 2005). Bien que plusieurs études expérimentales aient
¢tudi¢ la pharmacocinetique locale de libération des médicaments associés au stent
(Sakharov DV et al., 2002), l'influence des DES sur I’hémostase in situ, dans la
circulation coronaire, n'est pas entierement comprise.

A notre connaissance, notre étude est la premicre investigation de 1’hémostase
locale, mesurée in situ, en réponse a l'implantation de BMS et de DES. Nos résultats
cependant, ne montrent pas de différence dans la réponse hémostatique locale en
fonction du type de stent. L'activation de I’hémostase intracoronaire observée apres
pré-dilatation par ballonnet est réduite de facon similaire par DES et par BMS. Ces
résultats ne donnent pas d’argument pour confirmer I'hypothése qui avait été¢ émise a
la suite des études cliniques (Nordmann AJ et al., 2006, Daemen J et al., 2007,
Moreno R et al., 2005 et Stahli BE et al., 2006) qui montraient un plus haut risque de
trombose aigué du stent lorsqu’un DES était implanté chez les malades et anticipaient
que des altérations des parois vasculaires au contact de la surface du stent « actif »
puisse représenter des stimulus précoces d'activation de I’hémostase intracoronaire.
De plus, il n’y a pas, dans nos résultats, d’élément en faveur du réle potentiel du
polymére utilisé pour 1’adsorption des médicaments sur le stent sur la réponse
hémostatique locale immédiate chez les malades sous traitement combiné
anti-agrégant plaquettaire et anticoagulant. Nos résultats, étant donné la méthodologie
que nous avons suivie (étude in situ, dans les coronaires, avant et au décours immédiat
de la poste des stents) ne peuvent exclure la possibilit¢ d'un plus haut risque de
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thrombose secondaire du stent aprés DES en relation avec un retard de
I’endothélisation, un déploiement incomplet du stent ou des anomalies de 1’agrégation
plaquettaire apres l'interruption du clopidogrel (Park DW et al., 2006, Cutlip DE et al.,
2001, Honda Y et al., 2003, Iakovou I et al., 2005, Jeremias A et al., 2004). IIs tendent
cependant a montrer que les thromboses observées a moyen ou long terme aprés DES
ne sont vraisemblablement pas liées a des anomalies de I’hémostase qui seraient

survenues immédiatement avant, pendant ou apres la pose du stent.

Le polymorphisme génique dans le systeme PAI-1 de la fibrinolyse et l'activation
de ’hémostase apreés PCI

Plusieurs observations suggerent que le systetme de la fibrinolyse joue un role
important dans la réponse hémostatique apres lésions de la paroi de D’artere. Les
¢tudes familiales suggerent que les taux et I’activit¢ de PAI-1 sont influencés par des
facteurs génétiques (Pankow JS, et al., 1998). Les patients de génotype 4G/5G et
4G/4G avaient par ailleurs, des taux plasmatiques de PAI-1, DD, FVII et CD62P
sensiblement plus €levés que ceux de génotype SG/5G.

Les études précédentes ont habituellement analysé les effets de facteurs individuels
non génétiques et génétiques sur les taux plasmatiques de PAI-1 dans de relativement
petites populations a haut risque pour les événements thromboemboliques (Mansfield
MW et al., 1995, Juhan-Vague I et al., 1993 et Toft I et al., 1997).

Le génotype 4G/5G de PAI-1 a été mis en relation avec le risque d‘infarctus du
myocarde (Boekholdt SM et al., 2001), la mort subite par arrét cardiaque (Anvari A et
al., 2001), les maladies coronariennes apres transplantation (He JQ et al., 2002) , et la
re-sténose apreés implantation de stent (Ortlepp JR et al., 2001). 11 faut souligner
¢galement que le genotype 4G/5G designe des patients qui ont tendance a exprimer
une pathologie trombo-embolique plus fréquemment que les autres. Des facteurs
génétiques héréditaires jouent donc un réle dans le niveau de I’activité plasmatique de
facteurs importants pour la coagulation/fibrinolyse, donc dans la prédisposition a une
bonne activit¢ de coagulation en cas d’hémorragie, mais en contre-partie, dans la
prédisposition a la thrombose pathologique.
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L’¢étude du polymorphisme génétique de nos 20 cas de patients francais atteints de
maladie coronaire stable nous a permis de constater que le génotype PAI-1 4G/5G
¢était le plus fréquent, suivi du génotype 4G/4G et du génotype 5G/5G (60% [12
patients] pour 4G/5G, 30% [6 patients] pour 4G/4G, et 10% [2 patients] pour 5G/5G).
Cette répartition correspond a une frequence de 60 % de 1’allele 4G et de 40% de
I’allele 5G allele. Ils confirment d’autres observations (Eriksson P et al., 1995,
Johan-vague I et al., 2003, ten Boeked E et al., 2003) qui suggerent que la fréquence
de la maladie coronarienne chez les hétérozygotes 4G/5G est plus élevée que chez les
homozygotes 4G/4G et SG/5G.

De plus, dans notre étude, I’importance de 1’augmentation de PAI-1, DD et FVIIa
apres le geste d’angioplastie était d’autant plus manifeste que les patients étaient
hétérozygotes 4G/5G, comparés aux homozygotes 4G/4G et 5G/5G (P = 0.01,
respectivement). Les porteurs du génotype 4G/5G apparaissent donc plus sensible a la
Iésion de la paroi artérielle et aux modifications de I'endothélium vasculaire
provoquées par le ballonnet lors de la dilatation. Cela montre que le facteur génétique
est susceptible de jouer aussi un réle important dans les phénomeénes thrombotiques
qui accompagnent la PCI. Maladie coronarienne et maladie thrombo-embolique sont
des maladies multi-géniques. Seule une étude plus poussée sur un plus grand nombre
de patients permettrait de savoir si le polymorphisme 4G/5G de PAI-1 est un facteur
de risque indépendant de risque thrombotique aprés un geste interventionnel chez les

patients coronariens.

Discussion sur la méthodologie de 1'étude

La taille d'échantillon de malades étudiés est relativement petite ; de plus nous avons
seulement examiné des critéres biologiques, mesurés in situ, dans la circulation
sanguine coronarienne, sans recueillir la suite des événements cliniques survenus
apres la pose du stent. Nos résultats ont donc besoin d'étre confirmés par une étude de
plus grande envergure. Nous avons volontairement choisi les malades d’un niveau de
risque peu ¢levé avec angor stable; aussi les résultats ne peuvent-ils pas étre

applicables a d’autres sous-ensembles différents de malades comme ceux atteints
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d'angor instable et/ou de pathologies aigu€s. De plus, nous nous somme concentrés
sur l'activation de hémostase locale précoce, et nous ne pouvons pas en tirer de
conclusion sur un risque possible de thrombose subaigué et de thrombose tardive du
stent. Tous les malades ont été prétraités par enoxaparine et il est difficile de savoir si
nos résultats pourraient étre extrapolés aux malades prétraités par héparine non
fractionnée. Il est également possible que le prétraitement par statines, inhibiteurs de
I’enzyme de conversion de 1’angiotensine ou inhibiteurs des récepteurs de
I’angiotensine et/ou d’autres facteurs préinterventionnels puissent avoir changé les
niveaux des marqueurs de I’hémostase. Enfin, les malades sont leurs propres témoins ;
il n'y avait pas, dans notre étude, de groupe contrdole (par exemple : des patients
atteints d’angor stable sans indication de PCI). Dans ce contexte, nous avons trouvé
des niveaux de base de TF au-dessus des valeurs normales, ce qui est compatible avec
le fait que tous les malades avaient une CAD documentée. Il aurait certainement été
utile d’évaluer en paralléle I’activation des facteurs d’inflammation, comme la CRP,
pour étudier la relation entre la réponse inflammatoire précoce locale et 1'activation de
I’hémostase aprés PCIL. Une étude que nous avons réalisée dans le Premier Hopital
Affilié de 1'Université de Médecine du Xinjiang, chez des patients atteints de maladies
coronariennes, nous a permis de confirmer I’¢lévation des marqueurs d’inflammation,

plus importante chez les patients atteints des pathologies les plus graves. Ces résultats
sont globalement en accord avec d’autres €tudes faites dans d’autres pays sur des

séries de patients plus importantes, mais elles ne peuvent bien évidemment pas
s’appliquer aux gestes interventionnels ou des études spécifiques devraient éEtre

menées.

VII. Conclusion

L’activation locale de 1I’hémostase est précoce et importante apres la dilatation
coronaire par ballonnet. La pose du stent fait rapidement revenir les paramétres
d’hémostase et de fibrinolyse a la normale. Il n’y a cependant pas de différence
significative entre DES et BMS, quelque soit le marqueur d’activation plaquettaire,
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d’activation de la coagulation et d’activation de fibrinolyse, sous pré-traitement
combiné antiagrégant et anticoagulant.

L’importance de I’augmentation des marqueurs de fibrinolyse aprés angioplastie est
d’autant plus manifeste que les patients sont hétérozygotes 4G/5G pour le géne du

plasminogen activator inhibitor type-1 complexes (PAI-1).
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B. Prévention et traitement de la maladie thromboembolique

Veineuse : efficacité et sécurite d’emploi

I. Introduction : la maladie thromboembolique veineuse

Incidence

La thrombose veineuse profonde (TVP) et ’embolie pulmonaire (EP) font partie
d’une méme entité pathologique, la maladie thrombo-embolique veineuse (MTEV).
Plus de 70 % des EP sont dues a une TVP des membres inférieurs. La MTEV
présente un risque immédiat potentiellement vital I'EP, alors qu'a distance de 1'épisode
aigu le risque est li¢ au développement d'une maladie post-thrombotique et
plusrarement a I'évolution vers une pathologie pulmonaire chronique. Les estimations
concernant l'incidence de la MTEV sont trés imprécises faute d'é¢léments
diagnostiques fiables puisque méme le diagnostique post-mortem est soumis a
discussion. On estime a 600 000 le nombre de cas annuels de MTEV aux Etats-Unis,
dont 30% entrainent un déces, et 250 000 TVP. En France l'incidence annuelle de la
MTEYV est de l'ordre de 50 a 100 000 cas responsables de 5 a 10 000 déces. Cette
incidence augmente avec 1’dge pour atteindre 1% apreés 75 ans. Il s’agit d’une
pathologie grave et encore trés sous-estimée, puisque I’EP est responsable de plus de
10 000 déces annuels en France alors que les séries autopsiques font état d’EP ou de
thrombose veineuse dans plus de 30% des cas sans que cette fréquence ne varie au
cours des 30 dernieres années. Ces chiffres suffisent a justifier la mise en ceuvre de
programmes de recherche destinés a améliorer 1’efficacité des mesures préventives,
diagnostiques et thérapeutiques dans la prise en charge de la MTEV.

Etiologie et physiopathologie

L'EP est l'obstruction de l'artére pulmonaire par la migration de thrombus
provenant d'une thrombophlébite distale. Une fois libérés dans la circulation veineuse,
les emboles gagnent les 2 poumons dans environ 65 % des cas, le poumon droit dans
25 % des cas, et le poumon gauche dans 10 % des cas. Les lobes inférieurs sont
atteints 4 fois plus souvent que les lobes supérieurs. La plupart des embolies se fixent
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dans les artéres pulmonaires de gros ou de moyen calibre (¢élastiques ou musculaires) ;
35 % ou moins atteignent les arteres de petit calibre.

L'EP aigué€ est un processus dynamique. Les thrombus commencent a se lyser
immédiatement aprés avoir atteint les poumons. Habituellement, la lyse compléte
survient en plusieurs semaines en 1'absence de cardiopneumopathie préexistante ; dans
certains cas, des caillots méme volumineux peuvent se lyser en quelques jours. Les
troubles fonctionnels s'atténuent au cours des heures et des jours a mesure que la
circulation pulmonaire s'améliore. Cependant, une embolie massive peut provoquer la
mort en quelques minutes ou heures sans que l'infarctus n'ait le temps de se constituer.
Parfois, les embolies se répetent pendant des mois ou des années, provoquant une
obstruction artérielle évolutive avec hypertension artérielle pulmonaire chronique,
dyspnée croissante, et coeur pulmonaire chronique.

Les phénoménes physiopathologiques induits par I'EP comprennent des troubles de
I'hémodynamique pulmonaire, des échanges gazeux, et de la mécanique ventilatoire.
Le degré de perturbation de la fonction cardiopulmonaire dépend de 1'étendue de
'occlusion, qui varie selon la taille et le nombre de thrombus embolisant et obstruant
les artéres pulmonaires, et 1'état cardiopulmonaire du patient avant I'embolie. Les
modifications physiopathologiques qui en résultent peuvent comporter une
hypertension artérielle pulmonaire avec insuftisance ventriculaire droite et choc, une
dyspnée avec tachypnée et une hyperventilation, une hypoxémie et un infarctus
pulmonaire. La sérotonine plaquettaire et/ou l'augmentation locale des liquides
interstitiels stimulent les récepteurs pulmonaires des neurones médullaires
inspiratoires et expiratoires entrainant la polypnée. L'hypoxie artérielle est presque
constante. Elle est due en partie au défaut de perfusion et surtout a une réduction de la
ventilation par rapport a la perfusion au niveau de tout le poumon embolisé.
L’¢évolution se fait vers un infarctus pulmonaire. L'obstacle a I'¢jection du ventricule
droit détermine en partie une augmentation de la pression systolique dans le ventricule
droit et dans l'artére pulmonaire. Une hypertension artérielle pulmonaire (HTAP) se
développe. Elle est proportionnelle au degré d'obstruction vasculaire. Elle est
accentuée par la vasoconstriction réflexe secondaire a I'hypoxémie, et par la
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sérotonine plaquettaire.

I1. Prévention et traitement de PEP

Les objectifs thérapeutiques des traitements anticoagulants et thrombolytiques,
agents thérapeutiques majeurs dans I’EP, sont tres différents ; leurs indications
respectives €tablies sur des critéres de sévérité cliniques restent sujet a controverse
(Goldhaber SZ et al., 1999). Les héparines préviennent les récidives emboliques et
I’extension des thrombus veineux et pulmonaire, alors que la thrombolyse a une
action directe qui permet de lever 1’obstruction vasculaire pulmonaire.

On ne dispose aujourd’hui d’aucune recommandation internationale précise sur les
indications de la thrombolyse médicamenteuse dans I’EP et les positions exprimées a
cet égard dans la littérature sont parfois trés discordantes. Schématiquement, ces
indications se discutent en fonction du retentissement clinique et hémodynamique de
I’obstruction vasculaire pilmonaire, dans trois circonstances particulies: les EP
massives avec obstruction de plus de 50% du lit vasculaire pulmonaire associée a des
signes de mauvaise tolérance clinique et hémodynamique, les EP massives avec
bonne tolérance hémodynamique et signes échocardiographiques de surcharge
ventriculaire droite et les EP sub-massives (<50% d’amputation vasculaire) mal
tolérées en raison d’une pathologie cardiaque ou pulmonaire associée.

L’intérét port¢ a la simplification des modalités d’administration du traitement
thrombolytique avec adoption de protocoles courts, a imposél’activateur tissulaire du
plaminogéne comme agent thrombolytique de référence. Si la thrombolyse garde
aujourd’hui des indications dans la prise en charge de I’EP, c’est en grande partie
parce qu’elle s’est montrée supérieure a I’héparine dans la rapidité a améliorer la
perfusion pulmonaire et 1’hémodynamique droite (Petitpretz P et al, 1984).
Cependant, le risque hémorragique induit par la thrombolyse demeure la
préoccupation majeure de ce type de traitement. Ce risque est présent quels que soient

le thrombolytique utilisé et la maniére dont il est administré. La réduction du taux de
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complications hémorragiques passe par un respect scrupuleux des contre-indications,
et la prise en compte des facteurs prédisposants aux accidents hémorragiques.

Trois agents thrombolytiques ont a ce jour fait I’objet d’une autorisation de mise
sur le marché dans le cadre du traitement de I’EP : la streptokinase (SK), I’urokinase
(UK) et I’activateur tissulaire du plasminogéne (t-PA).

La streptokinase (SK) est le thrombolytique le plus ancien. Elle est extraite a partir de
filtrats de culture de streptocoques béta-hémolytiques et posséde un fort pouvoir
antigénique. Elle active indirectement le plasminogene li¢é a la fibrine et le
plasminogene circulant par le biais d’un complexe streptokinase-plasmine.
L’urokinase (UK) isolée a partir de I’'urine humaine ou de cultures de cellules rénales
embryonnaires est une glycoprotéine non antigénique. Son mode d’action repose sur
I’activation directe du plasminogene et comme pour la streptokinase s’accompagne
d’une fibrinolyse, d’une fibrinogénolyse et d’effets sur la coagulation.

L’activateur tissulaire du plasminogéne (t-PA) obtenu initialement a partir de
cultures de cellules humaines de mélanome est aujourd’hui produit par génie
génétique (recombinant t-PA ou rt-PA). Il s’agit de 1’agent thrombolytique le plus
¢valué dans I’EP depuis vingtaine d’années. L’altéplase est un t-PA, sérine protéase
naturelle produite par recombinaison génétique (rt-PA). Il se fixe a la fibrine qui
potentialise alors son activité. Aux doses thérapeutiques, la fibrinogénolyse est
moindre que celle de la streptokinase ou de I’urokinase.

Parall¢lement a la thrombolyse, le traitement médicamentteux de I’EP repose dans
la trés grande majorité des cas sur le traitement anticoagulant. Il est aujourd’hui bien
¢tabli que ce traitement est le plus souvent efficase et bien toléré, et que relayées par
les anticoagulants oraux, I’héparine non fractionnée (HNF) ou les héparines de bas
poids moléculaire (HBPM) préviennent I’extention de la thrombose veineuse et les
récidives emboliques, au prix d’un taux de complications hémorragiques réduit (The
Colombus Investigators. 1997, Charbonnier B et al., 1998, Leizorovicz A et al., 1994).
L’apparition des HBPM a fait beaucoup évoluer le traitement de la maladie
thrombo-embolique ces dernieres années. Les HBPM ont une meilleure
bio-disponibilité, une plus forte efficacité anti-thrombine, un risque hémorragique ou
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de thrombopénie induite moindre que I’HNF. Les ¢études Colombus et Thésée ont
montré que I’administration d’une HBPM adaptée au poids du patients est aussi
efficace et bien tolérée que I’HNF dans le cadre du traitement de I’EP symptomatique,
ne relevant pas de la thrombolyse ou de I’embolectomie chirurgicale (The Colombus
Investigators., 1997 et Simonneau G et al., 1997). L’ études Thésée en particulier fait
¢tat d’un taux de récidives emboliques de 1.6%, de saignements majeurs de 1%, et de
déces de 3.9%, et conduit a envisager a court terme un remplacement de ’HNF par
les HBPM dé¢s lors qu’elles auront obtenu I’AMM dans cette indication (Simonneau G
etal., 1997).

Le fondaparinux (Arixtra®) est un pentasaccharide, dérivé de la portion de
I'héparine qui se lie a I'antithrombine ; inhibiteur synthétique sélectif du facteur Xa. Il

est indiqué pour :
* la prophylaxie des troubles thromboemboliques veineux (TEV) consécutifs

a une chirurgie orthopédique des membres inférieurs, par exemple, en cas
de fracture de la hanche, de chirurgie du genou ou d’arthroplastie de la

hanche, et ce pour une période allant jusqu’a un mois.
* le traitement de la TVP aigué et de I’EP aigué.

L’absence d’induction d’anticorps anti-plaquettes et de réaction croisée avec les
anticorps induits par I’héparine dispense le clinicien de la surveillance plaquettaire
imposée par [’utilisation de I’héparine et représente un avantage majeur. En
prévention, il est prescrit a la dose de 2,5 mg a la sixieme heure en post-opératoire des
chirurgies de hanche et de genou. Dans cette indication, il est plus efficace que
I’enoxaparine, au prix d’une augmentation significative des saignements majeurs
(Turpie AG et al., 2002). Pour le traitement curatif, la dose est adaptée au poids du
patient (5 mg pour un poids inférieur a 50 kg, 7,5 mg entre 50 et 100 kg, 10 mg au
dela de 100 kg). I1 est au moins aussi efficace que I’enoxaparine et ’HNF (TVP et EP
respectivement)( Buller HR et al., 2003 et Buller HR et al., 2004) sans différence
significative de tolérance.

Par ailleurs, le fondaparinux a été évalué comme traitement adjuvant a la
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thrombolyse pour le traitement du syndrome coronarien aigué (SCA). Ces deux études
OASIS cumulant plus de 32 000 patients en SCA. L’étude OASIS-5 (Yusuf S et al.,
2006), avait déja montré 1’année derniére chez les patients avec SCA sans
sus-décalage persistant du segment ST, qu’une stratégie basée sur le fondaparinux a
dose relativement modérée faisait jeu égal avec ’HBPM de référence a sa forte dose
classique, mais avec moins de complications hémorragiques. On attendait donc la
suite logique, 1’étude OASIS-6 (Michelangelo-Organization to Assess Strategies for
Ischaemic Syndromes) testant une stratégie utilisant la méme dose modérée de
fondaparinux (2,5 mg/j) dans le cadre des SCA avec sus-décalage persistant de ST.
Dans OASIS-6 (Yusuf S et al., 2006), le fondaparinux (2,5 mg SC/jour) était
administré en double aveugle précocement, dés la randomisation (< 24 heures, délai
qui a été raccourci a < 12 heures en cours d’étude), et pour une durée (relativement
longue) de 8 jours. Le design de I’étude en deux stratifications est assez complexe. En
effet, le traitement de référence dépend de I’indication d’une héparinothérapie jugée
par le clinicien référent. S’il pense que 1’héparine n’était pas indiquée (stratum 1), le
comparateur sera le placebo pendant 8 jours. S’il pense que 1’administration
d’héparine était indiquée (stratum 2), le comparateur était I’héparine administrée
pendant 48 heures (bolus de 60 Ul/kg puis 12 Ul/kg/heure), avec un relais par placebo
pendant 8 jours. Concernant la prise en charge des patients, 31 % ont bénéfici¢ d’une
angioplastie primaire (0,2 % du stratum 1 et 53 % du stratum 2) et 45% ont bénéficié
d’une thrombolyse (78% du stratum 1 et 16 % du stratum 2). Les thrombolytiques
¢étaient trés majoritairement utilisés (la streptokinase dans 78 % des cas). Donc 24 %
des sujets n’ont pas bénéfici¢ d’une thérapeutique de reperfusion. OASIS-6 a recruté
2 092 patients dans 41 pays. Les résultats globaux de cette ¢tude ont démontré que le
fondaparinux était supérieur au traitement standard (HNF ou placebo) pour réduire le
risque de déces et de récidive de crise cardiaque (réduction du risque de 14 % au jour
30, p = 0,008), une réduction significative ayant ét¢ observée des le jour 9 (réduction
du risque de 17 %, p = 0,003). Le fondaparinux a également produit une baisse
significative de la mortalit¢ toutes causes confondues (parametre d’évaluation
secondaire) au jour 9 (réduction du risque de 13 %, p = 0,043), baisse qui s’est
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maintenue jusqu’a la fin de 1’étude (réduction du risque de 12 %, p = 0,029). Le
bénéfice a aussi été constaté chez les patients traités par thrombolyse et chez ceux qui
n’ont pu bénéficier d’aucune procédure de reperfusion. Parallélement, dans 1’¢tude
OASIS 6, la fréquence des hémorragies graves jusqu’au jour 9 a été semblable chez
les patients traités par le fondaparinux et ceux recevant le traitement standard. En
outre, 1’é¢tude OASIS 6 a démontré que le fondaparinux était associé a un rapport
avantages/risques net significatif d’aprés 1’ensemble des parametres d’évaluation de
I’efficacité et de I’innocuité (déces, IM et hémorragies graves), et ce, a tous les points
d’évaluation (au jour 30, la réduction du risque était de 14 %, p = 0,005). La
posologie est de 2,5 mg par jour dans cette indication, quel que soit le poids du

patient.

III. Objectif de D’étude « Efficacité et sécurité d’emploi du
fondaparinux comme traitement adjuvant a la thrombolyse chez les

patients avec embolie pulmonaire massive ou submassive »

A T’heure actuelle, I’HNF reste le seul traitement adjuvant a la thrombolyse validé
et recommandé pour la prise en charge des EP massives et submassives. Le
fondaparinux n’avait pas encore ¢té évalué¢ dans cette indication. Il semblait a priori
comporter un intérét potentiel en termes d’efficacité; mais cet intérét devait Etre
validés par une étude spécifiquement dédi¢e. L’objectif de notre travail a donc été
d’évaluer ’efficacité, et surtout la sécurité d’emploi, du fondaparinux a dose curative
comme traitement adjuvant a la thrombolyse pour le traitement des EP massives et

submassives.

IV. Critéres de jugement
Critéres d’efficacité de la thrombolyse
Le critére de jugement était un critére combiné incluant la persistance d’une instabilité
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hémodynamique et/ou d’une dysfonction ventriculaire droite échographique. Sur le
plan clinique, la persistance d’une instabilit¢ hémodynamique était définie par la
présence d’au moins deux des critéres suivants: choc cardiogénique réfractaire,
tension artérielle systolique inférieure a 90 mmHg ou chute de tension artérielle
systolique d’au moins 40 mmHg (en dehors d’un sepsis, d’une hypovolémie ou d’une
arythmie rapide), hypoxémie (définie par une PaO2 < 55 mmHg sans oxygene ou
Sa02 <90 %) ou tachycardie ( > 110 battements / minute).

Sur le plan échographique, la dysfonction ventriculaire droite était définie par la
persistance d’au moins deux des criteres définis précédemment (dilatation
ventriculaire droite, rapport des diametres télédiastoliques ventriculaires droit et
gauche supérieur a un en coupe apicale quatre cavités, mouvement systolique septal
paradoxal, hypertension artérielle pulmonaire systolique définie par un gradient
ventricule droit - oreillette droite supérieur a 30 mmHg).

La présence de thrombu proximaux obstructifs a I’angioscanner et la constatation
d’une amputation vasculaire importante sur les clichés de scintigraphie pulmonaire de
ventilation — perfusion pouvaient également appuyer la conviction de I’inefficacité du
traitement administré.

Critéres de sécurité d’emploi

Le critere évaluant la sécurité d’emploi était la survenue d’accidents hémorragiques

graves incluant :

les hémorragies cérébrales confirmées par un scanner ou une IRM
cérébrale ;

- les hémorragies nécessitant une transfusion sanguine ou entrainant une

chute de I’hématocrite supérieure a 10 points ;

- les hémorragies nécessitant une chirurgie d’hémostase ;

- les hémorragies entrainant le déces du patient.
La survenue des complications hémorragiques était recherchée par des examens
cliniques et biologiques quotidiens. Devant une telle complication, un scanner
thoracique, abdominal ou cérébral, une échographie abdominale ou des parties molles
(pour les hématomes sous-cutanés ou musculaires) ou une endoscopie digestive
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pouvaient étre réalisés avant une prise en charge adaptée.

V. Méthodes

Population

Elle était issue du registre monocentrique prospectif d’EP mis en place au CHU de

Besangon depuis 1993. 27 patients victimes d’EP massives ou submassives ont

bénéfici¢ d’un traitement fibrinolytique associé¢ au fondaparinux en 2006 et 2007.

Critéres d’inclusion

Les criteres d’inclusion étaient les suivants :

- EP documentée par une scintigraphie de ventilation - perfusion ou un

scanner thoracique spiralé ;

- début de la symptomatologie inférieur a 15 jours ;

- avoir au moins ’un des critéres suivants :

O une instabilit¢ hémodynamique avec état de choc cardiogénique,

définie par une tension artérielle systolique inférieure a 90 mmHg
ou une chute de tension artérielle systolique d’au moins 40 mmHg
ou des signes cliniques de choc ;

une syncope ;

un thrombus proximal documenté par un scanner thoracique
spiralé ;

une troponine positive ;

au moins deux critéres échocardiographiques de dysfonction
ventriculaire droite (dilatation ventriculaire droite, rapport des
diametres télédiastoliques ventriculaires droit et gauche supérieur a
un en coupe apicale quatre cavités, mouvement systolique septal
paradoxal, hypertension artérielle pulmonaire systolique définie par
un gradient ventricule droit - oreillette droite supérieur a 30

mmHg).

Criteéres d’exclusion
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Les criteres d’exclusion étaient :

- présence de contre-indications au traitement thrombolytique ;

- présence a I’admission d’une insuffisance rénale définie par une clairance
de la créatinine inférieure a 30 ml / min.

Traitement

Thrombolytique

Le choix du traitement thrombolytique était laissé a la discrétion du médecin prenant
en charge le patient. Les molécules disponibles étaient la streptokinase et 1’altéplase,
administrées selon des protocoles stricts :

— Thrombolyse par streptokinase : injection de 40 mg de méthylprednisolone
par voie intraveineuse immédiatement avant le début de la thrombolyse ;
1 500 000 UI de streptokinase administrées en perfusion continue par voie
intraveineuse sur deux heures dans 60 ml de sérum glucosé a 5 % ;

— Thrombolyse par altéplase: pour un poids supérieur a 70 kg,
administration d’un bolus intraveineux de 10 mg suivi d’une perfusion
continue de 90 mg sur deux heures ; pour un poids inférieur a 70 kg,
administration d’un bolus intraveineux de 7 mg suivi d’une perfusion
continue de 63 mg sur deux heures.

Anticoagulant

Le fondaparinux était débuté des la confirmation du diagnostic, par voie sous-cutanée
a dose curative : 5 mg / jour pour un poids inférieur a 50 kg, 7.5 mg / jour entre 50 et
100 kg, 10 mg / jour au dela de 100 kg.

Le relais par traitement anti-vitamine K (fluindione) était entrepris aprés la
restauration d’'une hémodynamique normale (en moyenne 72 h aprés 1’administration
de la thrombolyse), avec un objectif d’INR (International Normalized Ratio) compris
entre 2 et 3 pendant au moins six mois (délai adapté en fonction de la situation
clinique et des antécédents thrombo-emboliques). Le traitement par fondaparinux était
arrété apres obtention de deux INR successifs supérieurs a 2.

Analyse statistique
Les variables quantitatives ont été exprimées en moyenne plus ou moins une déviation
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standard. Les variables qualitatives ont été exprimées en pourcentage. Les tests de

Student et du Chi? ont été employés pour comparer respectivement les variables

quantitatives et qualitatives. Une valeur de p inférieure a 0,05 a été considérée comme

statistiquement significative. Les analyses ont été effectuées avec le logiciel SAS.

V1. Résultats

Les patients étaient agés de 68 + 11 ans (42 a 86 ans) ; il s’agissait de 11 hommes
(40,7 %) et 16 femmes (59,3 %). Vingt deux patients (81,5 %) ont regu un traitement
fibrinolytique par perfusion d’altéplase sur 2h et 5 patients ( 18,5 %) par perfusion de
streptokinase sur 2h. Le traitement a été inefficace chez 3 patients (11,1 %), dont un
est décédé d’un choc cardiogénique réfractaire suite a une récidive embolique. Les
deux autres (7,4 %) avaient une dysfonction ventriculaire droite persistante au
controle échographique et une obstruction artérielle proximale objectivée par
I’angioscanner, justifiant une embolectomie chirurgicale de sauvetage, qui s’est
avérée efficace. La seule récidive embolique a concerné le patient décédé. Vingt six
patients ont eu un contréle échocardiographique post-fibrinolyse, qui a montré une
diminution du rapport VD/VG de 23 % (de 1,02 + 0,17 2 0,78 + 0,17) et de la pression
artérielle pulmonaire systolique de 21 % (de 56 + 15 a 44 + 13 mmHg). Parmi les 19
angioscanners de controle (70,0 %), 12 ont objectivé la persistance de thrombus
proximaux. Vingt patients (74 %) ont eu une scintigraphie pulmonaire de ventilation —
perfusion : 1’amputation moyenne était de 26 + 13 % ; 8 patients avaient une
amputation supérieure ou €gale a 30 %. Deux complications hémorragiques (7,4 %)
ont émaillé I’évolution hospitaliére, dont 1 avec une chute d’hématocrite supérieure a
10 % ; une seule a nécessité un traitement par transfusion sanguine dans un contexte

post-opératoire de chirurgie d’arthroplastie de hanche.

VII. Discussion

Efficacité
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Trois des 27 patients (11,1 %) n’ont pas répondu au traitement. Ce résultat est
comparable aux données de notre registre d’EP thrombolysées entre 1995 et 2005 :
parmi les 488 patients inclus, le taux d’échec était de 8,2 % (Meneveau N et al., 2006).
Par ailleurs dans une recente publication meta-analyse le taux de mortalité est de 4.3%
chez les patients traités par thrombolyse et UFH (Wan S et al., 2004). Le fondaparinux
semble avoir la méme efficacité en milieu hospitalier que I’'UFH dans le cadre de PE
thrombolysée, confirmant les résultats observés dans le cadre de la stabilité¢ de la
maladie thrombo-embolique (Buller H et al., 2003 et 2004). En outre, cela corrobore
les données sur l'efficacité d'une association thrombolyse-fondaparinux observée dans
le traitement initial de STEMI (Yusuf S et al., 2006).

Complications hémorragiques

Deux patients (7,4%) ont eu une complication hémorragique au cours de
I'hopitalisation, dont un important saignement (3,7%), sans site de saignement
identifiable et un grand saignement (3,7%) au site chirurgical pendant une
arthroplastie de la hanche. Dans un précédent méta-analysis, le fondaparinux 2,5 mg
une fois par jour a été responsable d’une augmentation de l'incidence des principales
complications de saignement chez les patients subissant une chirurgie orthopédique
(Turpie AG et al.,, 2002). Parcontre, dans le traitement initial des patients
hemodynamiquement stable avec DVT et PE, 5-10 mg de fondaparinux était associé¢ a
de faibles taux d'hémorragies majeures (1,1% et 1,3%, respectivement) (Buller HR et
al., 2003 et 2004). Dans la méta-analyse par Wan (Wan S et al.,, 2004), des
hémorragies majeures se sont produits chez 9,1% des patients traités avec la
thrombolyse et I'UFH, alors que, dans MAPPET-3, des hémorragies majeures se sont
produite chez 0,8% des patients soumis a la thrombolyse (Konstantinides S et al.,
2002). Bien que la petite taille de 1'échantillon de cette étude ne permette pas de tirer
des conclusions définitives, la combinaison du fondaparinux et de la thrombolyse ne
semble pas €tre associée a une augmentation des hémorragies événements par rapport

a 'UFH.
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VIII. Conclusion

Cette ¢étude pilote, issue d’une registre monocentrique, suggere que le fondaparinux
pourrait étre aussi efficace que I'héparine non fractionnée dans le traitement adjuvant
a la thrombolyse des embolies pulmonaires massives et sub-massives, sans risque
hémorragique accru. Une étude randomisée de grande ampleur est toutefois nécessaire

avant de parvenir a recommander cette association dans cette indication spécifique.
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Summary in Chinese
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AR

m# E MK ( thromboembolic disease ) B I IE3NBKHF M4 ALK .
Bk EE, ROMEMZED, URABIKAZEERBESE EOLER, ¥
mRL, mEAR, B8, BREMFEN ZEERES N ENIGEEIGR ™
EREEE, BELSNABNAOZRCHHRE K Nt ELRRFHRHBRE
Fi/M, WEARADEALST , £REFH 1500 F AR TMREERRRK. &
S RESFmMEEEMRBHRHBALRE 1000 7, WEAKE 100 77, Bk
RURS, QtRSmMEREMRBNEKTE  BLERFR, BEBEE,
TR ERANEFZE.

m#@F R ( thrombosis ) 2 A444E 43 i & 1545 B 72 AX LE I 1% g 3R Y 3 72
¥ZE (embolism ) 2IME FEBF KM MERINMFHRBDBEMIPVME K S
MRALR, BERD, ARRECELERILNIRE, RN ETER S S B4,
A, M/ MRAMTEER, kMR —RREED KB ELEMN EFE
HIMRMDBTEEQAR KR LEERAMANY 87 TEURM/MMRA
TR AR . Bk T ERFLEBEOEIHARAR  FREAXNTR
E, AIRES|IREE (PE ), A EUUBRNRL YR £,

RNRBEERUERFKEFRAMETER K VTE AFREM , TEZRITRE
M52 0B EERERF BN A (PCl ) ARX 1L fn AL HIH f20E R S R 2 X
ERfmEE (PE) HABIFIRAEST  HEBRERERM/NMRRIUEET A

RT ,PCI ARX m/MR, 800K 4F7E = K Lk M 5E /Y 2 B R0 BUR TN T R U8
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Z4%) Fondaparinux 1£ PE A7 FEIN BN ENZ S,

—., BUOEEE PCI ARGIT R/ L MEMRY R HRAEAL
HYRERAMETE AR B EXKEERANRTEE, REREHRI/NR
RA&K D FHEHEATT , 1B ( Drug-eluting stent, DES ) FTBI R X R A Mg
( Acut stent thrombosis, AST ) & B LLE B RS ( Bare metal stent, BMS )
e AST IRERTE 0.1-3% , RFINEHRTLEA , BFERLHET PCI
RS BB R 3 Ak N E AR S IR 45 S B2 | T A 552 /MR SR 55 K8 i 0 4 A9 38
, NI —FNMERMNELFRM-FRRGETE  FREBIMRL S
S AMmE, RFAZFRKRPA MA DES 5 ,FEMMEJHR( Rapamycin Y Paclitaxel )
HAUEMARPHERRF (TF ) RAEEMS RO ERES , RM~ETHY
REXRREEMNEHLEIEENRE, FARAREEFSLFRE , BIE PCI
RAPERR B kA B EBAL N R E AR /E T EBERE , LR DES 5 BMS 1#
AR EREMN O &R EE R ARIRT BT A BB M /MR, BRI K 478 R
Tit. LEAWIRAPENANT BXRTHABFENERER (PAI-1 4G/5C ERZE
), BEEER PCI R, bIEMUARERSRMENMEXMY , BB R DES &
AR NI/ MR, BIOARFB=RIEMRGEKENRHEE , Xt AST £
R EMZE 2 F E P E N FER RN,
BIWARERERTORRESELVLRBESE PCl REJE , BREF KA
Bl BRI BRAGIEY EART (TF), BIEF VI (FVila ) AR5
MmERFER 1 M2 (F1+2) | MRS BB R LT RTEY [£F78 8 FBUET 06

-1 (PAI-1 ), ARARSTATREHEY (t-PA), D-ZR{& (DD ) ARF4ER
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JR(FIB)] W—IH8E. ZEMEAR 15 2 X LI X EE N R AT EME ,
EXERREANREXIRERZIRPEEZMEZR, BMESR TF Rel&EatE
REFSEES EREAERATNEOREE XEEELFELEFREL/ND
WA BRI EE TR | PR EMZMANMBERBER SRMNNERBRBKBEHFH
M/NRGEME[AAYE P £REE (CD62P ) MA A M/ MRIEREER V (sGPV ) |
BRI, BREY KA ZREADRE QXA R RN CE SR SR, X
/R, BMARFRIERERIRFIBKA OLL ( Ostium ) 54T % ( Distal
to the lesion ) PCI FREFLHRILTEEMER. RINENE T EZEEZERER
K EIR AT ABRBERIEY 1 (PAI-1) 4G/5GC ERZA M, HERNR
(PAI-1) 4G/5G ERZSHELEARD TN 4G/56 HEZ 12 (60% ),
AG/AG BHIR6(30% ),5G/5G HF{EAD2(10% ) 4G M 56 FENERME S
Bl 60%H 40%. EF PAI-1 4G/5G ERE 2 & BRI KB MK PAI-1,
DD X FVIEMEREY KEBRKEY K HEASEAEZEMER ATX
LEERKET KA SXREAGEREEELER,
MUERREREBESIL : (1) KRB KRXREAEZ B ME R KR H
SHERAEANFE, FHLEMEMN—IHES. BEF PA-1 4G/56 EFE
MEERENXMRERABESR XETFRER —LEERESHETL MR
N RN RRE 2 — ERERRI AT REARTES DX —RF LM
M B A UR D REY KR SEABRBRN A ERR Y K O RIS
HHRER BERFE-TAERBKRFTRE. (2 ) AVREIRNEIREAS
TR PR A /MR, Bl AR AT ATEEN RHKE, (3 ) PCI ARETX

B i/ MRZS Y AR 0 F AFEHUS AT 1] SAE S il o /M RE .
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=, BENREATESMHNT S AERMEENERENZ 4

fim# 4 ZEEE ( pulmonary thromboembolism , PE ) iRk R

( deep venous thrombosis , DVT ) & # 5 # Bk M # # Z fE (venous
thromboembolism , VTE), B#&l VTE EAN—MNEMHEKRFRESE K B2
RMENERRRRE , 5B TERERANMLLNZXE, BAH VIE SHH
FUHEORMERBNIEEMEZENE =, XEBFEEMIEBICERY
VTE REBIBBEES 90 7 HPHE 29.64 HHISET 23.60 Il PTE # 37.64
T BERYE DVT. EHMIEERGIF , B 60%NBEEHRY , RE 7%NWEES
RN SEBON NG , AR RO, MSEaRBE VIE X B
RINRFERRE, EELHERMZMKFENIRES , RE SR PE HHIHH
KM%,
PE £ X471 DVT M EAMz £ , RHII ( BFEkIA L SEERk ) REEbk
MR, WA R SMRMBRCETT , SETRALEIX 30% , ZHIRTREE
2 /PEHEAR 1 NBTRZET 11%. Eit VTE TR R EBUR T BN IR
WRE AT , KEVATHLEER. BLEREMBELREMRRESZHERTEAN
REZBTEHFEEENEME.

VTE WM Yar BT ESRUBRNNEET  RELBEEMA
ERHYDEITNBEXANANFRES . BRETTNBRAESEABIEPH
HAEER  RHEBENTABRERNTABSTEEARERIERS £l
BEE, BARNGY  —REREFERTHEBRENEE , RBE, &3 ;
KREATHLBEANEOKEE , NFAH. RECOE. HBEERBS. g
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SR T ERT YRR E FIRE S I EBUE R AR 0 R85 B 1 5 S8
RS Mprmis RS EmiE X R, RGP TESFEERROEIER (E
AoKEEZE, MNEBE, Hirudins % ) EEBEMESHIER (EBHFER, K2 7
) 44ER K KBMREN (BERXEK, £1E7. HUES ) KREDE
BrllGK ENARZHNRIFER, KD FAREMAELEM,

Ik ,7E VIESARITH KD FEFE(LMWH ) BT HOH REREREK ,
TERNFEMINESFE ]LMBHECEBATER, BB ERIIE- KRR
£ ( Fondaparinux , BiAF R ) E— A I SRNRELLEY , EFHENIE
FMEXa MEF | ERATXa , FelERBROBHBE , EREEER ATIINSH
R M HIXa R, Fondaparinux &R SHUMmEEI ( AT ) ERYRERKE
GENURES , B ATII REFTTENHRE(L , 858 7T XXa BFHITE , M
i 4E A T PURMER VR MR MR R RAIRT PABT TR RA LT AT
o

Fondaparinux fEA—f#BE AT E/KE Xa BFMEF,LZmAMEIG
PRIRGUESE, E M EIKERETE (ACS )\ ST BRIEEHNSMEOAESE ( STEMI)
X VTE BT EAFURSERRESE MR NDFH QB2 EMEF BN
HREZLMREZHAMEEMLTE ., OASIS 6 5 (Organization to Assess
Strategies for Ischaemic Syndrome 6) 2 Yusuf.S & /3 — & ¥ H
Fondaparinux #£ STEMI FIZ£MMBERMHITHERAR., EHIREMR.
OASIS-6 XRHF , E—MNIATHELHRELENBEDIMNERERBELE)
b 7-8 KKV Fondaparinux FlRZEH| , XL EE D Fondaparinux BEfE 30

RIFFTRMOAETEREE 21% , MAEMEMER (FuRREZERS 7~8X),
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U B Fondaparinux BR T BREIETRMOANMEIE K ERN | EEREHMAE
B | HiESE Fondaparinux E883ESA 2 B E PR, ks CREATE HEth
UK 7 8RR R ERTURN RN |, A, REES FAFE reviparin &
FR{K 30 RIET. OAEFEHZEHHGER , EreEin 7 Rt Bt b, RikH
Hi{Ko FHFEML , Fondaparinux HAEiMHIMXE K ERALZEMETFTE
Ao

IEREY O TSt PE HBEZESNIRT , BREDETT LR |, Biear7 e EdE
HRELGFNORDHFRE  BXERBLEEN , BRNERT2EN
IERTAE MR T RREREFREER, Hit , X2 PE REWLEF A2
WEEFERT , " EFEEFN. PEATHEEANZ —HREIETE | SR
EEEREMEHE, M EtmeieENRIAEENRES, IGKLITNH
BERTT MBIETTX PE BENRIA | EE R LRE QY E R M FRBUAST K
HRBE , i mEHKE. L2 LR , BBl Fondaparinux S3&#BTTESM
MI2E PETRRZEM T EHN R RR , AX bR ARNEHTL
MENETERR,

AHRIERE 2006-2007 FHIE , £7EE Jean-Minjoz ERt{ERT/ATr Y 27
FISHEMT S KREIR PE 2&, BRAYDIEEEE ( streptokinase ) MLF&A
B (altéplase }» FAZHHER 1500 000 Ul B streptokinase F 5% EEHE
60m| R EERK S 2 /e, Altéplase( AEBY 70 kg KB4 T 10mg &
£LL 90mg BAKIFERE 2 /et , MREKERT 70kg, #EEkELS Tmg FEEE
4 63mg BRRKISEE U 2 IR ) B RETZEIA TR EIELL T Fondaparinux

BT E515877. Fondaparinux £#FIERN  4KAE/NF50kg 3 5mg/B , KE
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£ 50-100 kg Z B 7,5mg/B , £E#EE 100kg ;3 10 mg/H. % 48-72 /Iad
FEENAEDINERE ,  RNERRILIREREFEY 25 2-3),FH

Fondaparinux , FF 848 F4 £ R K KBMETUEST ( fluindione ) ORE 6 A,

N

Em

Wr3esg RS
ANIERY 27 PIBEGARIFMES : FIIFIRN 68 + 11 (42-86 % ), FHEHLR
7 100+22 Rig. HPBHEE 11, H2WEE 407 %, ZHEEHE 16, 52
EE 59.3 %, 25 HIBREZMMBHIKEE CT B HIEHNMRE, 10 fIEE
(37% ) IWARRI A OIRENRTE |, 8 BIBE (29.6% ) RUNER. H 963
% (33.3% ) MR HFRE , BIGKRICKANEEER ( Tnl XF 0.15 ng/ml )
fEeE ( BNP XF 200 pg/ml ) fRE. £IB 27 fI2E LIBFRETIERE
ALEYRESRE |, Mz PkRGEERNFEEN 56 £ 15 mmHg, HA 22 flEE
(81.5% ) #F rt-PA (altéplase ), 5 Bl #E ( 18.5% ) X streptokinase &
JRYT . XL B FEME A Fondaparinux FFRTAEIN 8.614.0 K, BE—MERA
TRIEHR |, PO RRAFEK 21% ( M 100222 )R/5 R 79+ 18 /% ), 1B
BB BEETHAERE, WRERATAELERETR 26 flBESBTTREED
fEE A4 R , RVEDD/LVEDD ( Right ventricular end-diastolic diameter/Left
ventricular end-diastolic diameter ) LL{ERRK 23 % (C&¥7 81 1,02 £ 0,17 , J&IT
&R 0,78 + 0,17) , Mz Bk EFRAK 21%(CA¥7 8T 56 + 15 mmHg , A7 ER
44 £ 13 mmHg). 19 BB ESEMZIAK CTRE , He 12 flMHAILRIIE, 1
BILE (3.7% ) HFMREBERMET, 2 HIRE (7.4% ) AFILES HF
BRBERIRE |, fizhhk CT IEX&HEHmMEMMABBRERER, 2 HI

(7.4% ) BEHAEMARE , HF 1 6/8EF (3.7% ) AT RHMALE FHim
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SBTT. 22 BlEE (81.5% ) WHEREATBER.
AMRERRESMHFNL M XER PE BHEE Fondaparinux HUEERST
B EEHBRETNARMAREE. MRERETEIHEE (11.1% )48
7R, H 1 fIEfEBERBEHORMEARRRT , 5 2 fIATm&Es)
HEBERFEFREMITAREBRAR, KERSHEINELE 1995-2005 Fifid
By — ISR |, 488 fil2EAEBIFRNRINAR AT KRR 82%LEK , B
BAkbtE, WARIER — Meta D MERERA S B ZRHEMBRNIETTIE
X} 4.3%, WA Fondaparinux JuUgMBERE —ENTH. HARMNNFR
B 27 f5|#8.%& Fondaparinux HUSEINAESAT EE 2 fIHIMEMHARE , XEH
ftt ICOPER & —£& Meta M ERER , HRENRERASK  RBRHUEAST
Eat EAA#RIATT , Fondaparinux EH8 ST A H MM ZERS LM,

HTHHRATAKE , AREREFEH — SR AEARRKIES,

=, WARRE

MBR—IMEHSREREHX ATEREMBHNSRESAERET
i, Mg EERBHNRERBS, £HE , BEETKFENELEZHEIRNT
MRS , PENZIRBZES RS , BLRNH , AHENEEZER , K. =
UEBERERTE, REREPENASNAFERMEERERERRINYL A
KFHEMEES —FRAHRE. HILBTREPE-DVTHRITHRZEL TR , R
WEAVTEREMXMEENE , #HTEMm, FBRFMMmMEREHENERFZRE ,
RELEETEANZCHAATAREXREE, RINXTEOREEPCIRELL
MEMERRMERRFE - LERNFTR 2L BT RERHI A EFA4MERIR
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HRAE LM AR EEEREREER THAED HTRNERAKRER
REZMNTBTIRFCRPEFXR XA MERMNMPMIRENESHERAIGRE L
MBIt AR, RtEEEMAFEERSNMEBLE  FEAmMEEEERR
NAKRFE EEBEMALRFERRE 2N  EXFEMRAMRERRSE

Hy#— S &,
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