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Atherothrombosis is the Leading Cause of Death Worldwide

28

19

12

9

6

5.1

0 5 10 15 20 25 30

Atherothrombosis*

Infectious Disease

Cancer

Injuries

Pulmonary Disease

AIDS

The World Health Report, 2002, WHO Geneva, 2002.

Mortality (%)

*Ischemic heart disease, cerebrovascular disease, inflammatory heart disease and hypertensive heart disease
†Worldwide defined as Member States by WHO Region (African, Americas, Eastern  Mediterranean, European, South‐East 

 
Asia and Western Pacific)

מציג
הערות מצגת
Atherothrombosis is the underlying condition that results in events leading to myocardial infarction, ischemic stroke, and vascular death. As such, the leading cause of death of the estimated 55,694,000 people worldwide who died in 2000 was atherothrombosis, manifested mainly as cardiovascular disease and cerebrovascular disease. Other main causes of death were:

  AIDS (5.1%) 

  pulmonary disease (6 %)

  Injuries (9 %)

  cancer (12.6 %).

  infectious disease (19.3%) 1



Atherothrombosis: a systemic disease

~2,000 

 
~20,000



Evolution of the atherosclerotic plaque 



Initiation, progression, and complication of human 
 coronary atherosclerotic plaque

מציג
הערות מצגת
Initiation, progression, and complication of human coronary atherosclerotic plaque. Top, Longitudinal section of artery depicting "timeline" of human atherogenesis from normal artery (1) to atheroma that caused clinical manifestations by thrombosis or stenosis (5, 6, 7). Bottom, Cross sections of artery during various stages of atheroma evolution. 1, Normal artery. Note that in human arteries, the intimal layer is much better developed than in most other species. The intima of human arteries contains resident smooth muscle cells often as early as first year of life. 2, Lesion initiation occurs when endothelial cells, activated by risk factors such as hyperlipoproteinemia, express adhesion and chemoattractant molecules that recruit inflammatory leukocytes such as monocytes and T lymphocytes. Extracellular lipid begins to accumulate in intima at this stage. 3, Evolution to fibrofatty stage. Monocytes recruited to artery wall become macrophages and express scavenger receptors that bind modified lipoproteins. Macrophages become lipid-laden foam cells by engulfing modified lipoproteins. Leukocytes and resident vascular wall cells can secrete inflammatory cytokines and growth factors that amplify leukocyte recruitment and cause smooth muscle cell migration and proliferation. 4, As lesion progresses, inflammatory mediators cause expression of tissue factor, a potent procoagulant, and of matrix-degrading proteinases that weaken fibrous cap of plaque. 5, If fibrous cap ruptures at point of weakening, coagulation factors in blood can gain access to thrombogenic, tissue factor–containing lipid core, causing thrombosis on nonocclusive atherosclerotic plaque. If balance between prothrombotic and fibrinolytic mechanisms prevailing at that particular region and at that particular time is unfavorable, occlusive thrombus causing acute coronary syndromes may result. 6, When thrombus resorbs, products associated with thrombosis such as thrombin and mediators released from degranulating platelets, including platelet-derived growth factor and transforming growth factor-ß, can cause healing response, leading to increased collagen accumulation and smooth muscle cell growth. In this manner, the fibrofatty lesion can evolve into advanced fibrous and often calcified plaque, one that may cause significant stenosis, and produce symptoms of stable angina pectoris. 7, In some cases, occlusive thrombi arise not from fracture of fibrous cap but from superficial erosion of endothelial layer. Resulting mural thrombus, again dependent on local prothrombotic and fibrinolytic balance, can cause acute myocardial infarction. Superficial erosions often complicate advanced and stenotic lesions, as shown here. However, superficial erosions do not necessarily occur after fibrous cap rupture, as depicted in this idealized diagram 

http://circ.ahajournals.org/content/vol104/issue3/images/large/G5591F1.jpeg


Alpert, J. S et al. Heart 2008;94:1335-1341

History of biomarkers and the definition of 
 acute myocardial infarction (AMI).



New (universal) MI definition
•

 
Type 1: Spontaneous MI related to ischemia due to a primary coronary 

 event such as plaque erosion and/or rupture, fissuring, or dissection

•
 

Type 2: MI secondary to ischemia due to oxygen demand:supply
 imbalance (coronary artery spasm, embolism, anemia, arrhythmias,

 hypertension, or hypotension)

•
 

Type 3: Sudden unexpected cardiac death accompanied by presumably 
 new ST elevation, or new LBBB, or evidence of fresh thrombus in a 

 coronary artery by angiography and/or at autopsy, but death occurring 
 before blood samples could be obtained, or at a time before the 

 appearance of cardiac biomarkers in the blood

•
 

Type 4a: MI associated with PCI
•

 
Type 4b: MI associated with stent

 
thrombosis (definite)

•
 

Type 5: Myocardial infarction associated with CABG



Thygesen, K. et al. Circulation 2007

Elevations of troponin
 

in the absence of 
 overt IHD



Thrombus Formation and ACS

UA NQMI STE-MI

Plaque Disruption/Fissure/Erosion
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Elevation 

Acute 
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מציג
הערות מצגת
It is now recognized that unstable angina (UA), non-Q-wave myocardial infarction (NQMI), and ST-segment elevation myocardial infarction (STE-MI) are all parts of the spectrum of clinical manifestations of acute coronary syndrome (ACS). The older terminology has now been replaced with terminology that divides ACS into non-ST-elevation ACS (NSTE-ACS) and ST-segment-elevation.  All the slides in this teaching set deal with NSTE-ACS. 



Characteristics of Unstable and Stable Plaque
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מציג
הערות מצגת
Unstable plaques are characterized by a large lipid core and thin fibrous cap.  Inflammatory cells and activated macrophages are believed to be involved in destabilizing the plaque and the fibrous cap.



Vulnerable plaque

1.
 

Thin, friable fibrous caps. (cap thickness 
 < 60 micron)

2.
 

Thick infiltrate of macrophages (>25 per 
 high‐magnification field) 

3.
 

Lipid‐rich central core (40% of its 
 volume), with an abundant amount of 

 lipid‐laden macrophage foam cells 
 derived from blood monocytes. 

4.
 

Blood vessels from the vasa‐vasorum
 penetrating the plaque

5.
 

Fractures in the internal elastic lamina





מציג
הערות מצגת
Microanatomy of coronary arterial thrombosis and acute occlusion. Rupture of fibrous cap (upper left) causes some two thirds to three quarters of fatal coronary thromboses. Superficial erosion (upper right) occurs in one fifth to one quarter of all cases of fatal coronary thromboses. Certain populations such as diabetic individuals and women appear more susceptible to superficial erosion as mechanism of plaque disruption and thrombosis. Erosion of a calcium nodule may also cause plaque disruption and thrombosis (lower left). In addition, friable microvessels in base of atherosclerotic plaque may rupture and cause intraplaque hemorrhage. Consequent local generation of thrombin may stimulate SMC proliferation, migration, and collagen synthesis, promoting fibrosis and plaque expansion on subacute basis. Severe intraplaque hemorrhage can cause sudden lesion expansion by mass effect acutely as well. 

http://circ.ahajournals.org/content/vol111/issue25/images/large/21FF3.jpeg


Plaque Erosion
•

 
30% to 40% of coronary thrombosis occurs at sites at which plaque 

rupture cannot be identified 
•

 
of 50 consecutive cases of sudden cardiac death attributable to

 coronary thrombosis, in which 22 had superficial erosion of a 
proteoglycan-smooth muscle cell–rich plaque (Farb. Et al). 



http://circ.ahajournals.org/content/vol108/issue14/images/large/4FF1.jpeg




Frequency of multiple active plaque ruptures beyond the culprit lesion.
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G, et al. Circulation.

 

2002;106:804‐808. 

מציג
הערות מצגת
Many patients who present with ACS have multiple “active” plaques.  In one study, the majority of patients who presented with ACS were found to have  2 active plaques.



Multiple Complex Coronary Plaques in Patients with AMI

Goldstein et al. NEJM 2000

http://content.nejm.org/content/vol343/issue13/images/large/03f1.jpeg


Wang, J. C. et al. Circulation 2004; 
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Coronary Artery Spatial Distribution of Acute Myocardial 
 Infarction Occlusions 
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Pathogenesis of Acute Coronary 
 Syndromes: the integral role of 

 platelets
Plaque
Fissure or 

 Rupture

Platelet
Aggregation

Platelet
Activation

Platelet
Adhesion

Thrombotic
Occlusion

מציג
הערות מצגת
Platelets are recognized to play an integral role in acute coronary syndromes and arterial thrombosis.  After plaque fissure or rupture, there is platelet adhesion and activation.  This leads to platelet aggregation within the coronary artery, and ultimately partial or complete occlusion of the coronary artery.



3 Major systems involved

•
 

Vessel wall
–

 
Endothelium

•
 

Platelets

•
 

Coagulation cascade



Endothelial Dysfunction



‐Endothelial cells produce t‐
 

PA which activates fibrinolysis
 via plasminogen

 
to plasmin

 
‐

 
Heparin‐like molecules (proteoglycans), which  activate 

 anti‐thrombin III (inactivates thrombin, other clotting factors)
 

‐
 

Thrombomodulin
 

–
 

transmembrane
 

proteoglycan
 

binds
 thrombin – activates protein C (by cleavage) ‐

 
process

 occurs on thrombomod. (protein C , inactivates Va
 

& VIIIa)
 

‐
 

TFPI –
 

tissue factor pathway inhibitor –
 

released from
 endothelial cells (and from platelets), inhibits TF‐VIIa

 
& Xa

Anti‐coagulant Properties of the Endothelium

מציג
הערות מצגת
Endothelium also has procoagulant properties – TF, vWF, PAF etc.



Granger, D. N. et al. Hypertension 2004;43:924-931

Superoxide-NO balance affects the vascular 
anti/proinflammatory phenotype

מציג
הערות מצגת
Role of superoxide-NO balance in determining the anti/proinflammatory phenotype assumed by the vasculature. Under normal conditions (left), the flux of NO generated by the vascular wall greatly exceeds the production of superoxide. Antioxidant enzymes (SOD, catalase) prevent oxidative stress. NO acts through transcription-dependent and -independent (eg, cGMP) mechanisms to prevent the adhesion of leukocytes and platelets. The risk factors for CVD can result in the activation of enzymes (xanthine oxidase, XO; NAD(P)H oxidase) that produce large quantities of superoxide (right). The resulting superoxide-NO imbalance promotes the formation of mediators (eg, leukotriene [LT] B4, platelet-activating factor [PAF], interleukin [IL]-8) that activate and induce the homo- and heterotypic adhesion of leukocytes and platelets. The activation of oxidant-sensitive transcription factors (NF- B, activator protein [AP]-1) leads to increased synthesis and surface expression of endothelial CAMs, which further enhance leukocyte recruitment. Statins and drugs targeting the RAS appear to limit the transition from an anti-inflammatory to a proinflammatory phenotype. 



Isoprostanes: between inflammation and 
 thrombosis



Voetsch, B. et al. Arterioscler

 

Thromb

 

Vasc

 

Biol

 

2004;24:216-229

Vascular hemostatic and antioxidant defense mechanisms

מציג
הערות מצגת
Normal hemostatic and antioxidant defense mechanisms in the vasculature. After vascular injury, platelets adhere to exposed subendothelial matrix either directly to collagen or indirectly via the binding of vWF to the GP complex Ib/IX/V. The platelets undergo activation and aggregation, mediated by the binding of fibrinogen and vWF to the conformationally active form of the GPIIb/IIIa receptor. If platelet activation occurs, the coagulation cascade is activated, ultimately leading to thrombin and fibrin generation. Natural anticoagulants, such as the thrombomodulin (TM)–protein C–protein S complex, limit the extent of the coagulation process. NO is produced by endothelial cells and inhibits platelet function as well as smooth muscle cell proliferation. Bioavailability of NO can be impaired when plasma levels of antioxidants, such as GPx-3, are reduced. The thermolabile variant of MTHFR leads to elevated levels of homocysteine, which promotes oxidant stress and ROS formation, as well as homocysteine thiolactone generation. Homocysteine thiolactone aggregates with oxidized LDL and is taken up by subendothelial macrophages, which are transformed into foam cells. LDL oxidation is prevented by PON1. Genetic variants in one or more of the factors involved in these processes might lead to a prothrombotic state and predispose to arterial thrombosis. Broken arrows indicate inhibitory effects. TF indicates tissue factor and MTHFR-T, thermolabile variant of methylenetetrahydrofolate reductase. 



Platelet Adhesion

•
 

Platelets are the first cells to thether
 

and adhere to injured 
 vascular wall (subendothelium)

•
 

Adhesion is mediated by vWF
 

–
 

a mutimetric
 

protein 
 synthesized by both endothelial cells and megakaryocytes

 (stored in α
 

granules) –
 

present in plasma and ECM –
 serves as “an anchor”

•
 

Platelet receptor – GPIb (part of the GP Ib/IX‐V complex)

•
 

Binding occurs only under high shear stress conditions !



Platelet Activation

(Plasma)

(Plasma)

(released from activated cells)

(ECM)



Platelet Purinergic  Receptors
P2Y12 P2Y12P2Y1 P2Y1

P2X1 P2X1

Active Metabolite
 of Clopidogrel

 

Active MetaboliteActive Metabolite
 of of ClopidogrelClopidogrel



Platelet Activation

•
 

Release from alpha and dense granules

•
 

Dense granules: ADP, serotonin

•
 

Alpha granules: vWF, finbrinogen, fibronectin, 
 growth factors (PDGF), PF4, factor V

•
 

Activated platelets also synthesize (denovo) 
 TxA2 from arachidonic

 
acid

מציג
הערות מצגת
TxA2 – potent paltelet activator
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JA. Blood 2004;103:2096-2104

מציג
הערות מצגת
release of over 300 proteins that act in a autocrine and paracrine fashion to modulate cell signaling. Some are pro-thrombotic, others pro-inflammatory, others regulate cell proliferation, and many are of unknown function



Platelet Aggregation

1. Kuwahara

 

M et al. Arterioscler Thromb Vasc Biol 2002; 22: 329–34.

FIRM, BUT REVERSIBLE
ADHESION

IRREVERSIBLE
ADHESION

Scanning electron micrograph 
of discoid, dormant platelets

Activated, aggregating platelets 
illustrating fibrin strands 

Flowing
disc-shaped

platelet

Rolling
ball-shaped

platelet

Hemisphere-shaped
platelet

Spreading
platelet

מציג
הערות מצגת
Platelet shape 

Flowing disk-shaped platelets become ball-shaped on interaction with vWF via the GPIb receptor. This interaction starts the platelet rolling, releasing ‘inside out’ signals which promote change to a hemispherical shape. This increases the surface area of the platelet in contact with the vessel surface and helps the platelet to resist rapid blood flow which could dislodge platelets from the surface. �At this point, platelets do stop on the vessel surface, but adhesion is still reversible. Further activation via ‘outside-in’ signaling leads to irreversible platelet adhesion and extensive spreading, generating a greater thrombogenic base to capture further platelets to aggregate on the surface.1

Platelet aggregation

Platelets themselves are now recognized as a source of inflammatory mediators rather than just responders to thrombotic stimuli. Inflammation can give rise to local thrombosis and thrombosis can amplify inflammation. Anti-inflammatory therapies (such as ASA) may therefore limit thrombosis and antithrombotic therapies may reduce vascular inflammation, thereby breaking the vicious cycle of acute coronary syndromes.2





Platelet Aggregation



GP IIb/IIIa  Receptor

•
 

Mediates platelet aggregation

•
 

Member of the integrin
 

receptor family – can interact with both 
 extracellular

 
and cytoskeletal

 
molecules

•
 

One of the most abundant cell surface receptors (50‐80,000 
 receptors per resting platelet, 15% of surface protein)

•
 

Ca+ ions are critical for maintenance of both structure and function

•
 

In the resting platelet the receptor has minimal binding affinity for 
 ligands

 
–

 
fibrinogen and vWF

מציג
הערות מצגת
Collagen, thrombin,  shear stress , serotonin

Number of receptors increases upon stimulation



GP IIb/IIIa  Receptor – cont.

•
 

Upon activation of the platelet, conform. change of the receptor
 


 high affinity ligand

 
binding state

 
+ clustering of receptors on 

 platelet surface

•
 

Biderctional
 

signaling occurs ( initiate numerous cellular 
 responses)

•
 

All ligands
 

are characterized by the arginine‐glycine‐aspartate
 (RGD) sequence  implicated as the binding sites to the GP IIb/IIIa

 receptor

•
 

Fibrinogen is a divalent ligand
 

–
 

each molecule can bind 
 simultaneously to two GP IIb/IIIa

 
receptors on adjacent platelets 

 cross‐linking   

מציג
הערות מצגת
Initial platelet adhesion is often mediated by VWF

Define the recognition specifity of the αIIb-β3



Schematic depiction of integrin
 

IIb
 

ß3

Both
 

subunits
 

 
composed
of a short 

 cytoplasmatic
tail, a single
transmembrane

 domain
and a large extra‐cell.
domain that consists
of a series of linked
domains

Both subunits are a
product of a single gene
located on chrom. 17 

מציג
הערות מצגת
חשיבות יוני הקלציום



Platelets and inflammation



Platelets in atherogenesis
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Thrombin

Prothrombin

Xa
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VIIa

TF

Extrinsic Pathway

IXa
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XIIa

Intrinsic pathway

XIIIa

Soft clot

Fibrin
Hard clot

“Classic Coagulation Cascade”

מציג
הערות מצגת
XIIIa – fibrin stabilizing factor



“Classic Coagulation Cascade”

Rosenberg et al NEJM 1999

4 major 
Anti‐thrombotic

Pathways 
(TFPI, Prot C/S,
ATIII, Plasmin)

Localization to sites
of vascular injury.
Protease complexes 
assemble on PL
membranes of 
activated platelets,
endothelial cells and
monocytes. 
(The coagulation
cascade occurs very
slowly in fluid phase
plasma and with
resting cells)    

מציג
הערות מצגת
Prot S is a cofactor of Prot C

Plasminogen to plasmin conversion inhibited by PAI

Platelets support thrombin generation in amanner that is not mimicked by other PL surfaces



Current View of the Coagulation System

•

 

Initiation by vessel wall injury which exposes 

 
blood to cells with TF on their surface 

 
TF/FVIIa

 

activates FX  Xa

 

+ Va

 

cleaves II 

 
small amounts of IIa

 

(thrombin) 

•

 

Minute amounts of thrombin produced 

 
initially than lead to a marked increase in 

 
activation of FXI, FIX, FVIII, FV and marked 

 
generation of thrombin.

•

 

Priming invloves

 

adherence and activation of 

 
platelets.The

 

small amounts of initial 

 
thrombin activates platelets  release of FV 

 
+ PL surface for protease activation

•

 

Propagation – an explosive increase in 

 
thrombin generation mediated by the classic 

 
“intrinsic system”

 

 FXI, FIX  Fxa/VIIIa/Va

 
on activated platelets  IIa

 

+ fibrin 

 
formation

Schneider D et al, Circulation 2007



Courtesy of Jose Lopez, M.D

Thrombin 
(Picomolar

 Quantities)
 

Thrombin 
(Picomolar

 Quantities)

Initiation
PropagationInitiation Amplification

150:1

Courtesy of Dr. N. Kleiman



Role of Platelets in Current View of the 
 Coagulation System

•
 

Adherence after vascular injury
•

 
Formation of platelet‐platelet aggregates (GP IIb/IIIa) and 

 platelet‐WBC aggregates (P‐selectin)
•

 
Release of platelet granule products – Ca, FV, fibrinogen

•
 

Recruitment of additional activated platelets (ADP, TXA2)
•

 
Stimulation of vasoconstriction (serotonin)

•
 

Formation of thrombin promoted by PL surface on which 
 the coagulation complexes form (priming + proagation)

•
 

Change in shape with pseudopod extension 



Thrombin Thrombin 
GenerationGeneration

CoagulationCoagulation
FactorsFactors

CD40L

WBC

PP--Selectin
Selectin PSGL-1

Phosphatidyl

Phosphatidyl Serine

Serine

ACTIVATED
 PLATELET

CD40

Tissue Factor Tissue Factor 
ExpressionExpression

Amplification

 
Cycle

Courtesy of Dr. P. Gurbel

The Platelet as a Mediator of 
Coagulation



Central Role of ADP and Thrombin Crosstalk:
 a “Viscous”

 
Cycle

PAR-1 PAR-4

Thrombin

Platelet 
Activation

Dense 
Granule

 
Secretion

P2Y12

 

(P2Y1

 

)

GP IIb-IIIa

Platelet 
Aggregation

Procoagulant
 Platelets

Increased 
Thrombin

 GenerationADP
PAR-1 PAR-4

Courtesy of Dr. P. Gurbel



Current View of the Coagulation 
 System

Del Conde et al CCI, 2003



The Virchow Triad of Thrombogenicity
•

 

Local vessel wall substrates
–

 

Plaque components, inflammation, post-injury..
•

 

Rheology
–

 

Shear stress, vasoconstrictor, bifurcation, post-intervention…
•

 

Systemic factors of circulating blood
–

 

Metabolic&hormonal factors, hemostasis…

Vulnerable 
Plaque  (Rupture- 

prone)

Vulnerable    Blood             
(Prone to 

thrombosis)

Vulnerable Patient  
(Unstable, high-risk 

patient)





! אל  תעב ד ו ק שה  מ די, בה צל חה 



,  לבבית–מה שכ י ח ות מחל ת כלי  ד ם משו ל בת 
? בק ר ב חו לי  א תרו תרו מבוזיס–מוח י ת והי קפי ת 

% 10פח ו ת מ 1)
(215-25 %
(330-40 %
(445-55 %
% 75מעל 5)

: 1שאלה  



 vulnerable(מה  מהב אים אינו מא פ יין רו בד רגיש  
plaque(?

)lipid core( לי בה  שו מ ני ת 1)
ת כו ל ת  ק ו לגן גבוה ה2)
י  האנדו ת ל  המ צ פה " נמו ך ע NOיי צור  3)
(4Fibrous cap דק 
)vasa vasorum(וזורו ם -ריבוי  וזה5)

: 2שאלה  



:3שאלה 

.1Vascular cell adhesion molecule‐1
.2Monocyte chemoattractant protein‐1
.3Interferon Gamma
.4Smooth muscle cells
.5T Lymphocytes

טרשתי -מי איננו תורם לתהליך הדלקתי, מבין הבאים
הרובד ) Vulnerability(בדופן העורק ולחוסר יציבות 

?הטרשתי



הב אי ם אינ ו קשור בהגבר ת  ) מרקרים(מי מהסמנים 
?וסקולרים ותמותה ק רדיאלית-הסיכון לאירועים קרדיו

.1IL-6

.2Soluble CD 40 ligand

.3BNP

.4Angiotensin type II receptor

.5CRP

:4שאלה 



:5שאלה 

.1IVUS

.2Angioscopy

.3Thermography

.4MRI

.5Optical Coherence Tomography

מבין השי טות הבאות א י ז ו ה יא ה פח ו ת רג יש ה 
?Vulnerable plaqueלאבחנ ה ו ז יהו י ש ל  



! אל  תעב ד ו ק שה  מ די, בה צל חה 
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