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ENDOTHELIUM
• Under normal conditions, endothelial cells maintain a 

vasodilatory and local fibrinolytic state in which coagulation, 
platelet adhesion, and activation are suppressed

• A NON-THROMBOGENIC STATE IS MAINTAINED BY
• (1) endothelial production of thrombomodulin and 

subsequent activation of protein C
• (2) endothelial expression of heparan sulfate and 

dermatin sulfate, which accelerate antithrombin (AT) and 
heparin cofactor II activity

• (3) constitutive expression of tissue factor pathway 
inhibitor (TFPI)

• (4) local production of tissue plasminogen activator (tPA) 
and urokinase-type plasminogen activator (uPA)



ENDOTHELIUM
• Produces Nitric Oxide and Prostacyclin

– Inhibits adhesion and activation of 
leukocytes

– Produces vasodilatation
– Inhibits production of tissue 

factor(TF)
• vonWillebrand Factor (vWF) 

– VEINS>> arteries



VENOUS BIOMECHANICS
• LARGE VOLUME CAPACITANCE AND TONAL REGULATION

– Can rapidly redistribute blood volume
– 60-80% of circulating blood in venules 

and systemic veins
• VENOUS PRESSURES

– 100mm Hg at foot standing (5’10”, 165 lbs)
– Rapidly decreases with recumbency and ambulation



VENOUS BIOMECHANICS
• VEINS CHANGE SHAPE TO ACCOMMODATE 

– Blood volume change
– Pressure change

• VASCULAR RESISTANCE
– Lower with circular shape than elliptical shape
– Larger volumeàcircular shapeàdecreased

resistance



VENOUS BIOMECHANICS
• VEINS  

– Lack extensive elastic lamella but remain markedly 
distensible in low pressure range

– ↓ratio of wall thickness/radius=↑elastic modulus=↑rupture 
pressure than arteries 

VEINS STRETCH BETTER



VENOUS VALVES
• Endothelial-lined folds of tunica intima

– Allow unidirectional flow
– Contribute to pressure reduction
– Maintain blood flow



DETERMINANTS OF PRESSURE IN VEINS OF LEGS

• Hydrostatic component related to the weight of 
the column of blood from the right atrium to the 
foot

• Hydrodynamic component related to pressures 
generated by contractions of the skeletal muscles 
of the leg and the pressure in the capillary 
network. 

PROFOUNDLY 
INFLUENCED 
BY VENOUS 
VALVES



VENOUS VALVE FUNCTION
• Operated by pressure as opposed to flow

– Very little reflux results in complete closure
• Valves open and close approx 20x/min
• Leaflets do not contact wall of the vein
• 2 types of flow

– Axial through the valve
– Vortical in valve sinus

• Prevents stasis
• All surfaces of valve exposed to shear stress



VENOUS PRESSURE VARIANCE
• STANDING

– HYDROSTATIC PRESSURE 80-90mm Hg

• WALKING
– Transient increase in deep veins
– If venous valves competent, superficial 
and deep veins empty with muscle
contraction and pressure drops to 30mm
-- If venous valves incompetent, deep 
venous pressure transmitted to superficial
veins and skin 



CHRONIC VENOUS INSUFFICIENCY (CVI)
VENOUS REFLUX OBESITY/IMMOBILITY           OBSTRUCTION 

(FAILURE OF CALF PUMP)

ↆↆↆↆↆↆↆↆ
VENOUS HYPERTENSION



CHRONIC VENOUS INSUFFICIENCY (CVI)
• PRIMARY VALVULAR INCOMPETENCE--70 to 80%
• SECONDARY VALVULAR INCOMPETENCE—18-25%

– TRAUMA
– DVT

• CONGENITAL ANOMALY—1-3%  

Labropoulos N. Hemodynamic changes according to the CEAP classification. Phlebolymphology
2003;40:130-6.
Kistner RL, Eklof B, Masuda EM. Diagnosis of chronic venous disease of the lower extremities: the “CEAP” 
classification. Mayo Clin Proc 1996;71:338-45.



HISTORICAL THEORIES
• STASIS/HYPOXIA

– Homans—stagnant blood in VV led to anoxia and cell 
death

– DeTakais—lower O2 content in blood from ankle 
than antecubital fossa

– Blalock—DISCOUNTEDàfound HIGHER O2 content in 
blood from LE w/ VV and w/ venous ulcer

• ARTERIOVENOUS SHUNTING
– Piulacks and VidalBarraquer (1953)—>found no 

direct evidence



HISTORY
• Landis (1930)—pressure elevation in veins translates to 

capillaries
• Whimster (1956)—showed increase in intradermal 

capillary bed in some patients with venous stasis 
disease

• Browse/Burnand (1982)—
– increased size of capillary bed leads to increased 

permeability of capillary bed with escape of a large 
molecule-fibrinogen

– Interendothelial pores stretch in response to 
increased pressure

– Fibrinogen then polymerizes into an insoluble form 
which produces a barrier to the diffusion of oxygen 
and other nutrients to the epidermis for its repair
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VARICOSE VEINS
• GENETIC PREDISPOSITION

• IF both parentsà90%
• One parentà62% if female, 25% if male
• Neither parentà20%

• ALTERED VASOREACTIVITY
• Decreased contractility in response to α- and non-α-adrenergic receptors
• Defining whether this is secondary to initial wall defect or a secondary hemodynamic 

defect remains under DEBATE
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STRUCTURAL CHANGES IN VEIN WALL
DISTURBED COLLAGEN SYNTHESIS

↑ TYPE 1 (rigidity), ↓ TYPE 3 (distensibility)

DISRUPTION OF SMOOTH MUSCLE CELLS/ELASTIN 
FIBERS

ALTERNATING AREAS OF HYPERTROPHY AND ATROPHY
DEGRADATION of ECMàatrophy

PROTEOLYTIC ENYMES—MMPs and serine 
proteases

Produced by vascular and inflammatory cells

MMP (matrix metalloproteinases) inhibition by TIMP (tissue 
inhibitor of metalloproteinases)àhypertrophy

Ratios of TIMP/MMP greater in VV than in controls
↑Transforming growth factor/Fibroblast growth factor

TGFàstimulates elastin/collagen/TIMP
FGFàmitogen for SMC



CHANGES IN VALVES ASSOC’D W VENOUS HTN
• ANGIOSCOPIC EVALUATION

– Tearing       van Cleef JF, Hugentobler JP, Desvaux P, Griton P,      
Cloarec M. Étude endos copique des reflux valvulaires saphéniens. J 
Mal Vasc 1992;17:Suppl B:113-6.

– Stretching
– Splitting
– Valve leaflet adhesion

• DECREASED NUMBER OF VALVES IN GSV IN PATIENTS 
WITH CVI

Sales CM, Rosenthal D, Petrillo KA, et al. The valvular apparatus in venous 
insufficiency: a problem of quantity? Ann Vasc Surg 1998;12:153-5

• INFILTRATION OF LEAFLETS WITH 
MONOCYTES/MACROPHAGES

Ono T, Bergan JJ, Schmid-Schönbein GW, Takase S. Monocyte 
infiltration into venous valves. J Vasc Surg 1998;27:158-66



SKIN CHANGES
• AMBULATORY VENOUS PRESSURE

– IF <30àNO ULCERATION
– IF >90à100% ULCERATION
– Nicolaides AN, Hussein MK, Szendro G, Christopoulos D, Vasdekis S, Clarke H. The relation of venous ulceration with ambulatory venous pressure 

measurements. J Vasc Surg 1993;17:414-9

• CURRENT THEORY
– NO LONGER FELT TO BE SECONDARY TO FIBRIN CUFFS IMPEDING 

OXYGEN DIFFUSION
– NOW FELT SECONDARY TO CHRONIC INFLAMMATION



EFFECT OF SHEAR STRESS
• Pulsatile, laminar shear stress (PROTECTIVE)

– Reduces inflammation
– Reduces free radical generation

• Leukocyte response to shear stress
– Retraction of pseudopods
– Shedding of CD18 adhesion molecules

• Low shear stress (turbulent flow, flow reversal)
– Promotes thrombotic and inflammatory phenotype



EFFECTS OF 
SHEAR STRESS



CHRONIC INFLAMMATION
• VENOUS BLOOD RETURN FROM DEPENDENT FEET

– DEPLETED OF LEUKOCYTES ESPECIALLY IN CVI PTS
– SUGGESTS THAT LEUKOCYTES ACCUMULATE IN LIMBS WITH 

ELEVATED VENOUS PRESSURE
– LIKELY DUE TO LEUKOCYTE ADHESION TO AND MIGRATION 

THROUGH THE ENDOTHELIUM OF SMALL VESSELS, ESPECIALLY 
VENULES

• VENOUS CONGESTION

– PLASMINOGEN ACTIVATOR RELEASED WHICH ACTIVATES 
LEUKOCYTES

LEUKOCYTE TRAPPING HYPOTHESIS
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MECHANISMS OF INFLAMMATION
• Inactivated LEUKOCYTES ROLL

• Leukocyte—L selectin + endothelial--E selectin 

• ACTIVATED LEUKOCYTES ADHERE
– Leukocytes shed L selectin into plasma and express 

integrin—CD 11b which binds to intercellular 
adhesion molecule (ICAM)

– This is the first step in leukocyte migration
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Link b/t INFLAMMATION & SKIN CHANGES
• ↑VEGF—increased capillary permeability
• ↑ TGF-β—leads to dermal fibrosis
• RBC extravasationà ↑ ferritin and ferric iron

• Oxidative stress
• ↑MMP
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SUMMARY
• VENOUS HYPERTENSION
• CHANGES IN VEIN WALL

• Collagen, SMC, Elastin,ECM
• LOW SHEAR STRESS (flow rev)
• INFLAMMATORY PHENOTYPE
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RESTING STATE OF FIBRINOLYTIC SYSTEM
• LOWEST IN THE AREA OF THE VALVE

• DEEP VEINS IN LOWER EXTREMITY HAVE 
THE LOWEST FIBRINOLYTIC ACTIVITY IN 
THE SOLEAL SINUSES/POPLITEAL AND 
FEMORAL REGIONS

• THIS HYPOTHESIS AS TO WHY DVT 
ORIGINATES IN THE LOWER LIMB



Overall, it appears that inflammatory processes 
involving leukocyte–endothelial interactions and 
triggered largely in response to abnormal venous 
flow are important in causing the adverse 
changes in venous valves and vein walls.



NATURAL 
ANTICOAGULANTS

• ANTITHROMBIN III (AT)
– Limits Fibrin formation
– Slows coagulation cascade (no potentiation 

of V/VIII)
– Inhibits platelet activation/aggregation

• ACTIVATED PROTEIN C (APC)
– Thrombin/thrombomodulin/prot C 

receptor on endothelium
– Inhibits thrombin
– In presence of protein S, inactivates Va and 

VIIIa
• TISSUE FACTOR PROTEIN INHIBITOR (TFPI)

– Binds TF-VIIa cmplxàinhibits XàXa



VENOUS THROMBOSIS
• DAMAGE TO VESSEL WALL

– Release of tissue factor (TF)
– TF activates extrinsic pathway

• INTRINSIC PATHWAY
– FACTOR XIàXia
– Hageman factor (XII)àXIIa

• When complexed to prekallikrein and high-molecular-weight 
kininogen (HMWK) 



MICROPARTICLES (MPs)
• Shed from platelets, endothelial cells and 

leukocytes
• Lack DNA and RNA
• Fusion w/ activated plts

– Decryption of TF
– Initiation of thrombosis

• Express plasminogen activator inhibitor (PAI-
1)àinh lysis



THROMBOLYSIS—PLASMIN ACTIVATION
• ENDOTHELIAL CELL SOURCES

– tPA and α2-antiplasmin—effective plasminogen 
activators esp when in thrombus

– uPA—plasmin produced via tPA activates uPA
which leads to further plasminogen acitivation

• CONTACT ACTIVATION SYSTEM
– XIIa
– Kallikrein
– XIa
– Catalyze release of bradykinin from 

HMWKàtPA secretion
– APC—can inactivate plasminogen activator 

inhibitor 1 (PAI-1)



THROMBUS RESOLUTION
• Natural thrombolysis occurs at VARIABLE RATES
• Resembles wound healing

– Profibrotic growth factors
– Collagen deposition
– MMP activation

• Polymorphonuclear monocytes (PMNs) INVADE THE 
THROMBUS first
– Degranulation of nucleic DNAàallows plt and 

coagulation factors to juxtapose at the vein wall
• MONOCYTES
• Hypoxic venous environmentàhypoxia inducible factor 

(HIF-Ia)
– Accelerates thrombus resolution
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Link b/t INFLAMMATION & SKIN CHANGES

• IRON METABOLISM
• RISK OF ULCER DEVELOPMENT IN PTS WITH CLASS 4-6 CVI 

WAS 7X GREATER IN THOSE WITH C282Y genotype—a 
mutation related to iron processing
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VARICOSE VEINS
• GENETIC PREDISPOSITION

• IF both parentsà90%
• One parentà62% if female, 25% if male
• Neither parentà20%

• MATRIX DYSREGULATION
• Altered expressions of Collagen I and III
• Net effect of matrix deposition
• Upregulation of MMP’s and fibrinolytic activity

• ALTERED VASOREACTIVITY
• Decreased contractility in response to α- and non-α-adrenergic receptors
• Defining whether this is secondary to initial wall defect or a secondary hemodynamic 

defect remains under DEBATE



VENOUS ULCERATION
• SUPERFICIAL REFLUX—45%. 

• DEEP REFLUX—12%
• BOTH—43%

Tassiopoulos AK, Golts E, Oh DS, Labropoulos N. Current concepts in chronic venous ulceration. Eur J Vasc Endovasc Surg 2000;20:227-32





VENOUS THROMBOSIS
• DAMAGE TO VESSEL WALL

– Release of tissue factor (TF)
– TF activates extrinsic pathway

• INTRINSIC PATHWAY
– FACTOR XIàXia
– Hageman factor (XII)àXIIa

• When complexed to prekallikrein and high-molecular-weight 
kininogen (HMWK) 



VENOUS THROMBOSIS
• Intrinsic (via IXa and VIIIa)/extrinsic pathways (via VIIa)

– Both activate factor XàXa
– Xa activate factor Thrombin IIàIIa
– IIa cleaves fibrinopeptides A and B (FPA and FPB) from 

fibrin α and β chains
– Fibrin then polymerizes as a monomer and cross-links
– Fibrin activates factors V and XIII
– XIIIa activates platelets as well as V and VIII



VENOUS THROMBOSIS
• PLATELETS—2 ROUTES TO ACTIVATION

– W/O Direct Vessel Wall Damage
• TF de-encryption 
• Activation of protein disulfide 

isomerase
• Generation of factor VIIa

– W/ Direct Vessel Wall Damage
• Subendothelial collagen binds 

directly to 
– Glycoprotein (GP) VI
– vWF



VENOUS THROMBOSIS
• ACTIVATED PLATELETS

– Interactions/activation mediated by vWF
• Only activated platelets can bind to 

GPIb receptor on vWF
• Only activated platelets can bind to 

GPIIb/IIIa receptor on fibrin
– Release prothrombotic contents of PLT 

granules
• Receptors for factors Va and VIIIa
• Elaboration of arachidonic acid 

metabolites
– Thromboxane A2àplt 

aggregration/vasoconstriction



NATURAL 
ANTICOAGULANTS

• ANTITHROMBIN III (AT)
– Limits Fibrin formation
– Slows coagulation cascade (no potentiation 

of V/VIII)
– Inhibits platelet activation/aggregation

• ACTIVATED PROTEIN C (APC)
– Thrombin/thrombomodulin/prot C 

receptor on endothelium
– Inhibits thrombin
– In presence of protein S, inactivates Va and 

VIIIa
• TISSUE FACTOR PROTEIN INHIBITOR (TFPI)

– Binds TF-VIIa cmplxàinhibits XàXa



THROMBOLYSIS—PLASMIN ACTIVATION
• ENDOTHELIAL CELL SOURCES

– tPA and α2-antiplasmin—effective plasminogen 
activators esp when in thrombus

– uPA—plasmin produced via tPA activates uPA
which leads to further plasminogen acitivation

• CONTACT ACTIVATION SYSTEM
– XIIa
– Kallikrein
– XIa
– Catalyze release of bradykinin from 

HMWKàtPA secretion
– APC—can inactivate plasminogen activator 

inhibitor 1 (PAI-1)



RESTING STATE OF FIBRINOLYTIC SYSTEM
• LOWEST IN THE AREA OF THE VALVE

• DEEP VEINS IN LOWER EXTREMITY HAVE 
THE LOWEST FIBRINOLYTIC ACTIVITY IN 
THE SOLEAL SINUSES/POPLITEAL AND 
FEMORAL REGIONS

• THIS HYPOTHESIS AS TO WHY DVT 
ORIGINATES IN THE LOWER LIMB



INFLAMMATION & THROMBOSIS
• INCREASES

– TISSUE FACTOR
– MEMBRANCE PHOSPHOLIPIDS
– FIBRINOGEN
– PLATELET REACTIVITY

• DECREASES
– THROMBOMODULIN
– INHIBITS FIBRINOLYSIS



MICROPARTICLES (MPs)
• Shed from platelets, endothelial cells and 

leukocytes
• Lack DNA and RNA
• Fusion w/ activated plts

– Decryption of TF
– Initiation of thrombosis

• Express plasminogen activator inhibitor (PAI-
1)àinh lysis



THROMBUS RESOLUTION
• Natural thrombolysis occurs at VARIABLE RATES
• Resembles wound healing

– Profibrotic growth factors
– Collagen deposition
– MMP activation

• Polymorphonuclear monocytes (PMNs) INVADE THE 
THROMBUS first
– Degranulation of nucleic DNAàallows plt and 

coagulation factors to juxtapose at the vein wall
• MONOCYTES
• Hypoxic venous environmentàhypoxia inducible factor 

(HIF-Ia)
– Accelerates thrombus resolution
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• Activation of protein disulfide 

isomerase
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directly to 
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VENOUS THROMBOSIS
• ACTIVATED PLATELETS

– Interactions/activation mediated by vWF
• Only activated platelets can bind to 

GPIb receptor on vWF
• Only activated platelets can bind to 

GPIIb/IIIa receptor on fibrin
– Release prothrombotic contents of PLT 
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• Receptors for factors Va and VIIIa
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The Cause of Venous Hypertension
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EFFECT OF ELEVATED VENOUS PRESSURE—RAT MODEL

• VALVES STRETCHED IMMEDIATELY
• REFLUX AT 2 DAYS WHICH INCREASED W/ TIME
• Granulocytes, monocytes, machrophages, 

lymphocytes @ 3 weeks
• Reduction in leaflet height, width, some disappeared

Takase S, Pascarella L, Bergan JJ, Schmid-Schönbein GW. Hypertension induced venous valve 
remodeling. J Vasc Surg 2004;39:1329-34.
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