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What lies above and what lies beneath







ENDOTHELIUM

Coagulation system

* Under normal conditions, endothelial cells maintain a N e
vasodilatory and local fibrinolytic state in which coagulation, i@ et |
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dermatin sulfate, which accelerate antithrombin (AT) and
heparin cofactor Il activity

Fibrin

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

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

Fibrinolytic system
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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 N
— 100mm Hg at foot standing (510", 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 volume—>circular shape—=>decreased
resistance




VENOUS BIOMECHANICS
* VEINS

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

— |ratio of wall thickness/radius=telastic modulus=trupture
pressure than arteries

VEINS BETTER




VENOUS VALVES

 Endothelial-lined folds of tunica intima

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

Medium-sized vein ‘
Tunica externa

@ sam= 1—— Tunica media

Tunica intima
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DETERMINANTS OF PRESSURE IN VEINS OF LEGS
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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

13 cm/sec

Figure 3. Velocity of Blood Flow through a Venous Valve (Panel A) and Forces
Acting on a Venous Valve Leaflet (Panel B).

In Panel A, the reduced cross-sectional area between the valve leaflets pro-
duces a proximally directed jet of increased axial velocity. In Panel B, axial
flow between the leaflets generates a pressure (P,) that tends to keep the
leaflet in the open position, and vortical flow in the valve pocket generates
a pressure (P;) that tends to close the leaflet. These pressures depend on the
respective flow velocities (Vyortical and Vayial); pressure is inversely related to
velocity. (Adapted from Lurie et al.*° with the permission of the publisher.)




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
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Figure 2. Action of the Musculovenous Pump in Lowering Venous Pressure

in the Leg.

After prolonged standing, venous pressure in the foot is approximately

90 mm Hg in both a patient with incompetent venous valves and a person

with a normal leg. During walking, the musculovenous pump rapidly lowers
the venous pressure in the normal leg but is ineffective in the leg with valvu-
lar incompetence. (Reproduced from Coleridge Smith?® with the permission

of the publisher.)
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MECHANISMS OF DISEASE

Chronic Venous Disease




CHRONIC VENOUS INSUFFICIENCY (CVI)

VENOUS REFLUX OBESITY/IMMOBILITY OBSTRUCTION
(FAILURE OF CALF PUMP)
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CHRONIC VENOUS INSUFFICIENCY (CVI)

 PRIMARY VALVULAR INCOMPETENCE--70 to 80%

* SECONDARY VALVULAR INCOMPETENCE—18-25%

— TRAUMA
— DVT

* CONGENITAL ANOMALY—1-3%

a Anomalous venous valves @ e ° e

Type lll

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—DISCOUNTED—>found HIGHER 02 content in
blood from LE w/ VV and w/ venous ulcer

A

* ARTERIOVENOUS SHUNTING

— Piulacks and VidalBarraquer (1953)—>found no
direct evidence




Landis (1930)—pressure elevation in veins translates to
capillaries

Whimster (1956)—showed increase in intradermal
capillary bed in some patients with venous stasis

HISTORY

THE CAUSE OF VENOUS ULCERATION

disease

Browse/Burnand (1982)—

N, I., BROWSE K. G. BURNAND

Departmens of Suryers, St Thomas” Hospatal, ondan SK)

increased size of capillary bed leads to increased
permeability of capillary bed with escape of a large ————
molecule-fibrinogen P ) DO

Boudstresm -~

Interendothelial pores stretch in response to Ot
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

Fiz. 1—Diagram o skime Ahrinoes crntitint Muid where it
.

1982:2(8292):243-245
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VARICOSE VEINS

e GENETIC PREDISPOSITION
* |F both parents=>90%
* One parent—>62% if female, 25% if male
* Neither parent=>20%
e ALTERED VASOREACTIVITY
* Decreased contractility in response to a- and non-a-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 —— (&% ™ NEW ENGLAND ——
1 TYPE 1 (rigidity), | TYPE 3 (distensibility) e =

MECHANISMS OF DISEASE

Chronic Venous Disease

DISRUPTION OF SMOOTH MUSCLE CELLS/ELASTIN
FIBERS

N Engl ) Med 2006;355:488-98.

ALTERNATING AREAS OF HYPERTROPHY AND ATROPHY
DEGRADATION of ECM—>atrophy

PROTEOLYTIC ENYMES—MMPs and serine e
proteases N ‘ & g \ 4
Produced by vascular and inflammatory cells o (L g Qi w85y g e
MMP (matrix metalloproteinases) inhibition by TIMP (tissue ) ( & Endtnta l { oy
inhibitor of metalloproteinases)=>hypertrophy & & o %
Ratios of TIMP/MMP greater in VV than in controls oy

T Transforming growth factor/Fibroblast growth factor
TGF->stimulates elastin/collagen/TIMP
FGF->mitogen for SMC




CHANGES IN VALVES ASSOC’D W VENOUS HTN

*  ANGIOSCOPIC EVALUATION

— Tea ring van Cleef JF, Hugentobler JP, Desvaux P, Griton P,
Cloarec M. Etude 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-Schonbein GW, Takase S. Monocyte
infiltration into venous valves. J Vasc Surg 1998;27:158-66
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SKIN CHANGES
» AMBULATORY VENOUS PRESSURE

— |IF <30>NO ULCERATION
— IF >90->100% 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

A Stead)_' Iaminar blood flow

Antithrombotic agents

p—
Shear stress NO < y Antimigration agents
— = Prostacyclin . N
——- Tissue plasminogen Q Prosurvival
activator E
T Thrombomodulin g
— Endothelium

r_///_/ " Growth-
inhibiting
— agents

B — Tunica intima
a\/

Tunica media
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B Flow reversal

Prothrombotic agents

@
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of apoptosis
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T G rowth- Angiotensin Il o — 3
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agents Platelet-derived growth factor
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Figure 4. Contrasting Effects of Steady, Laminar Shear Stress (Panel A)
and Turbulent or Reversing Shear Stress (Panel B) on Vessel Walls.

NO denotes nitric oxide, MCP-1 monocyte chemoattractant protein 1,
and VCAM-1 vascular-cell adhesion molecule. (Reproduced from Traub
and Berk®° with the permission of the publisher.)




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

LEUKOCYTE TRAPPING HYPOTHESIS

VENULES
* VENOUS CONGESTION

— PLASMINOGEN ACTIVATOR RELEASED WHICH ACTIVATES
LEUKOCYTES




MECHANISMS OF INFLAMMATION

 |nactivated 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

SRy ST s
ey o)




Link b/t INFLAMMATION & SKIN CHANGES

* TVEGF—increased capillary permeability

* 1 TGF-B—Ileads to dermal fibrosis

* RBC extravasation—> 1 ferritin and ferric iron
* Oxidative stress A R ) T -
. TMMP L34 FAN Sl




SUMMARY

* VENOUS HYPERTENSION sonssear
valves
* CHANGES IN VEIN WALL
chasges
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*Hemosiderin deposition
O Capillary hypertension

Other for us hyper
*Obstruction of venous outflow
+Failure of the calf-muscle pump
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RESTING STATE OF FIBRINOLYTIC SYSTEM

LOWEST IN THE AREA OF THE VALVE

Soleal Vein

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

_Spleal vein confluence to PTV

THIS HYPOTHESIS AS TO WHY DVT
Longitudinal thrombosed
ORIGINATES IN THE LOWER LIMB Soleal vein




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.

—— /% ™e NEW ENGLAND —
“"\;;j"/“ JOURNAL of MEDICINE
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Chronic Venous Disease

N Engl ] Med 2006;355:488-93. [N




EXtrinsic pathway Intnnsic pathway
NATURAL £

ANTICOAGULANTS et
« ANTITHROMBIN III (AT) 9
— Limits Fibrin formation 7N
— Slows coagulation cascade (no potentiation N
of V/VIII) —

— Inhibits platelet activation/aggregation
e ACTIVATED PROTEIN C (APC)

— Thrombin/thrombomodulin/prot C
receptor on endothelium

— Inhibits thrombin

— In presence of protein S, inactivates Va and

Vllla
+ TISSUE FACTOR PROTEIN INHIBITOR (TFPI) G
— Binds TF-Vlla cmplx=2>inhibits X=>Xa

w
<— Active site L TFPI
Factor Xa Factor Xa

o A -

N

I{ in —————— Thrombin (Flla)

Fibrin and thrombosis



VENOUS TH ROIVIBOSIS

* DAMAGE TO VESSEL WALL o=

— Release of tissue factor (TF) | - vt |

— TF activates extrinsic pathway === _ =
INTRINSIC PATHWAY
— FACTOR XI> Xia T

— Hageman factor (Xll)=>Xlla T r

* When complexed to prekallikrein and high- molecular-welght
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)=>inh lysis

Pratelet O

Monocyte

Endothelial
cell

PMP

'—
o

MMP/ »
’/-'

—_

Epithelial cell

ICAM-1
COX2

-

—

ICAM-1
IL-8

— Inflammation

Inﬂammati‘

Thrombosis
Inflammation
Thrombosis
Thrombosis

Inflammation




THROMBOLYSIS—PLASMIN ACTIVATION

ENDOTHELIAL CELL SOURCES

tPA and a2-antiplasmin—effective plasminogen
activators esp when in thrombus

6 )

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

CONTACT ACTIVATION SYSTEM

Tissue plasminogen
activator (tPA)

a2-macroglobulin | ----y | Plasmin | }...-

Plasminogen

000

Urokinase plasminogen

|

activator (uPA)

a2-antiplasmin

Xlla

Kallikrein (8 Complement
degradation

Xla ¢ Plasmin

Catalyze release of bradykinin from —l’n

HMWK->tPA secretion e

APC—can inactivate plasminogen activator

Thrombin

Fibrinogen Fibrin Clot

Human:

- Clot removal
Pathogen:

- Migration

- Invasion

(c) Fibrin degradation

%ﬂzf‘@q
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(o) ECM degradation

Fibronectin

¥
\”i‘/d»—Laminin

Human:

- Cell migration

- Tissue rearrangement
Pathogen:

- Migration

- Invasion

Proteoglycan R}
N X

g

Plasmin

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 DNA—>allows plt and
coagulation factors to juxtapose at the vein wall

*  MONOCYTES

*  Hypoxic venous environment->hypoxia inducible factor
(HIF-1a)

— Accelerates thrombus resolution

® e

Red blood cell Platelet

Fhrombus
Initiation

Coagulation
Fibrin
T Thrombin

Fibrinogen

@© - ©00

Neutrophil  Macrophage Endothelial Smooth muscle Fibrin Collagen Micropal
cell cell

Thrombus Thrombus

Formation Resolution
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-
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TIME




* Click to edit Master text styles

— Second level

e Third level

— Fourth level
» Fifth level

> i ng"'v 'ﬁﬂ 3



Link b/t INFLAMMATION & SKIN CHANGES

* IRON METABOLISM

e 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

atomic I = atomic weight

number

| acid-base properties
of higher-valence oxides

symbol —

electron ™ crystal structure

configuration
| [Ar]3d64s2 I

name iron

physical state
at 20 °C (68 °F)




VARICOSE VEINS

e GENETIC PREDISPOSITION
* |F both parents=>90%
* One parent—>62% if female, 25% if male
* Neither parent=>20%
e MATRIX DYSREGULATION
* Altered expressions of Collagen | and Il
* Net effect of matrix deposition
* Upregulation of MMP’s and fibrinolytic activity
e ALTERED VASOREACTIVITY
* Decreased contractility in response to a- and non-a-adrenergic receptors

* Defining whether this is secondary to initial wall defect or a secondary hemodynamic
defect remains under DEBATE

S 2 3 -17-_,-’ ,'..:\ \g&v* ,




VENOUS ULCERATION

* SUPERFICIAL REFLUX—45%.
* DEEP REFLUX—12%

esvs

European Journal of T

e BOTH—43% Vascular & Endovascular Surgery

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




Risk factors for chronic venous disease
Genetic factors
Female sex (progesterone)
Pregnancy
Age
Greater height
Prolonged standing
Obesity
Venous I Valve distortion,
. —| Venous dilation =
hypertension leakage
l — % e NEW ENGLAND —
OURNAL of MEDICINE
. Altered sh J
— Inflammation ~— esrfresss ear MECHANISMS OF DISEASE
l Chronic Venous Disease
: : John J. Bergan, M.D., Geert W. Schmid-Schénbein, Ph.D.,
Chronic - Valve and vein- Philip D. Coleridge Smith, D.M., Andrew N. Nicolaides, M.S.,
reflux wall Changes Michel R. Boisseau, M.D., and Bo Eklof, M.D., Ph.D.
| N Engl ] Med 2006;355:488-98.
Capillary .
hypertension ——| Capillary leakage Edema
" Inflammation
Venous ulcer |- Skin changes
Figure 5. Venous Hypertension as the Hypothetical Cause of the Clinical I
Manifestations of Chronic Venous Disease, Emphasizing the Importance
of Inflammation.




VENOUS TH ROIVIBOSIS

* DAMAGE TO VESSEL WALL o=

— Release of tissue factor (TF) | - vt |

— TF activates extrinsic pathway === _ =
INTRINSIC PATHWAY
— FACTOR XI> Xia T

— Hageman factor (Xll)=>Xlla T r

* When complexed to prekallikrein and high- molecular-welght
kininogen (HMWK)




VENOUS THROMBOSIS

. Intrinsic (via IXa and Vllla)/extrinsic pathways (via Vlla)

Both activate factor X=>Xa
Xa activate factor Thrombin lI=>1la

lla cleaves fibrinopeptides A and B (FPA and FPB) from
fibrin o and B chains

Fibrin then polymerizes as a monomer and cross-links
Fibrin activates factors V and XllI
Xllla activates platelets as well as V and VII|

Protein S

Protein C + Active protein C

{ Thrombomodulin

Coagulation system

I /7 Intrinsic i

v Y pathway
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Y i Extrinsic
- O ' pathway
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T D-dimer
PAI-1

Fibrinolytic system




VENOUS THROMBOSIS

* PLATELETS—2 ROUTES TO ACTIVATION
— W/O Direct Vessel Wall Damage
* TF de-encryption

e Activation of protein disulfide
isomerase

* Generation of factor Vlla
— W/ Direct Vessel Wall Damage

* Subendothelial collagen binds
directly to

— Glycoprotein (GP) VI
— VWF




VENOUS THROMBOSIS

* ACTIVATED PLATELETS 'w W
— Interactions/activation mediated by vVWF ,

* Only activated platelets can bind to
GPIb receptor on VWF

* Only activated platelets can bind to
GPllIb/llla receptor on fibrin
— Release prothrombotic contents of PLT
granules
* Receptors for factors Va and Vllla

* Elaboration of arachidonic acid
metabolites

— Thromboxane A2->plt
aggregration/vasoconstriction




EXtrinsic pathway Intnnsic pathway
NATURAL £

ANTICOAGULANTS et
« ANTITHROMBIN III (AT) 9
— Limits Fibrin formation 7N
— Slows coagulation cascade (no potentiation N
of V/VIII) —

— Inhibits platelet activation/aggregation
e ACTIVATED PROTEIN C (APC)

— Thrombin/thrombomodulin/prot C
receptor on endothelium

— Inhibits thrombin

— In presence of protein S, inactivates Va and

Vllla
+ TISSUE FACTOR PROTEIN INHIBITOR (TFPI) G
— Binds TF-Vlla cmplx=2>inhibits X=>Xa

w
<— Active site L TFPI
Factor Xa Factor Xa

o A -

N

I{ in —————— Thrombin (Flla)

Fibrin and thrombosis



THROMBOLYSIS—PLASMIN ACTIVATION

ENDOTHELIAL CELL SOURCES

tPA and a2-antiplasmin—effective plasminogen
activators esp when in thrombus

6 )

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

CONTACT ACTIVATION SYSTEM

Tissue plasminogen
activator (tPA)

a2-macroglobulin | ----y | Plasmin | }...-

Plasminogen

000

Urokinase plasminogen

|

activator (uPA)

a2-antiplasmin

Xlla

Kallikrein (8 Complement
degradation

Xla ¢ Plasmin

Catalyze release of bradykinin from —l’n

HMWK->tPA secretion e

APC—can inactivate plasminogen activator

Thrombin

Fibrinogen Fibrin Clot

Human:

- Clot removal
Pathogen:

- Migration

- Invasion

(c) Fibrin degradation
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(o) ECM degradation

Fibronectin
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Human:

- Cell migration

- Tissue rearrangement
Pathogen:

- Migration

- Invasion

Proteoglycan R}
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Plasmin

inhibitor 1 (PAI-1)




RESTING STATE OF FIBRINOLYTIC SYSTEM

LOWEST IN THE AREA OF THE VALVE

Soleal Vein

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

_Spleal vein confluence to PTV

THIS HYPOTHESIS AS TO WHY DVT
Longitudinal thrombosed
ORIGINATES IN THE LOWER LIMB Soleal vein




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)=>inh lysis

Pratelet O

Monocyte

Endothelial
cell

PMP

'—
o

MMP/ »
’/-'

—_

Epithelial cell

ICAM-1
COX2

-

—

ICAM-1
IL-8

— Inflammation

Inﬂammati‘

Thrombosis
Inflammation
Thrombosis
Thrombosis

Inflammation




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 DNA—>allows plt and
coagulation factors to juxtapose at the vein wall

*  MONOCYTES

*  Hypoxic venous environment->hypoxia inducible factor
(HIF-1a)

— Accelerates thrombus resolution

® e
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VENOUS THROMBOSIS

. Intrinsic (via IXa and Vllla)/extrinsic pathways (via Vlla)

Both activate factor X=>Xa
Xa activate factor Thrombin lI=>1la

lla cleaves fibrinopeptides A and B (FPA and FPB) from
fibrin o and B chains

Fibrin then polymerizes as a monomer and cross-links
Fibrin activates factors V and XllI
Xllla activates platelets as well as V and VII|

Protein S

Protein C + Active protein C

{ Thrombomodulin

Coagulation system
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VENOUS THROMBOSIS

* PLATELETS—2 ROUTES TO ACTIVATION
— W/O Direct Vessel Wall Damage
* TF de-encryption

e Activation of protein disulfide
isomerase

* Generation of factor Vlla
— W/ Direct Vessel Wall Damage

* Subendothelial collagen binds
directly to

— Glycoprotein (GP) VI
— VWF




VENOUS THROMBOSIS

* ACTIVATED PLATELETS 'w W
— Interactions/activation mediated by vVWF ,

* Only activated platelets can bind to
GPIb receptor on VWF

* Only activated platelets can bind to
GPllIb/llla receptor on fibrin
— Release prothrombotic contents of PLT
granules
* Receptors for factors Va and Vllla

* Elaboration of arachidonic acid
metabolites

— Thromboxane A2->plt
aggregration/vasoconstriction




THE CAUSE OF VENOUS ULCERATION
N, I., BROWSE K. G. BURNAND

Departmens of Surpers, St Thomas® Hospatal, ondam SK)




Hypothesis

THE CAUSE OF VENOUS ULCERATION

N. I, BROWSE K. G. BurNanD
Departmens of Suryersy, St Thomas® Hospatal, 1.ondam S¥)

TR assnciarion berween nleeration at the ankle and venons
disorders of 1he lower limh has hee §
years. “The major role of deep-vein danug:
recognised sinze (zay and Speader in 1868 repnned 1har
many “venous ulcers™ developed in rhe absence of varicose
wveins. Although the effecc of a venous abnormaliry can naw be
defined by mm“ring che full in foar-vein pressure chat can be

achieved by exercise.” the mechanism by which the Jack of

venous hypotmswn during exervise leads to skin ulceration
remiins unvertain.

EXISTING THRIRTPS

The two principal theories of the cause of venous
ulcers—venous 1|=!m| and nrlcnm'cnmn shunnmx—ha\-. hoth
been crincise srudies d d 0
test cheir validity. We now review chis wark and summarisc
the experimental work which has led us ro formulate and
attemipt zo verify a new theory.

Venous Srasis

Homans® suggested that stagmant blowl Jying within
tortuous and dileted veins close to the skin might couse tissue
wnoxia and o] denth, This convept was supported by De
Takais ¢ al.,” who found (hat the oxygen aontent of Mood
1aken from varicosc veins was Inwes rhan thar in hoad raken
from rhe anrecubiral vein of the same pariesr. 1'hese findings
were criticised by Blalock,’ # who snggested rhar these
differences were solely rhe resulr of cthe dependent posrure of
the limb at che tme of u'nphn« IIe showed that patients
with unilaterel varicose veins had a higher oxygen content in
the femoral venous blood of the diseased leg, He also found o
bigher oxygen conient in the venons hlood of Himbs with
venous ulears, thus demalishing the concept tha) srasis causes
mmu.: md ulcerarion. His undmgs have subsequcutly been

{ wich more sophi ing techniques ind
better eyuipment for blocl-gas analysis.™ "' Despite this
work the voncept of anuvia caused by stasis praducing
“gravitarional uleers™'* is sl raught (oday. "

Arieviovsnons Shunting

Tn 1953 Piulicks and Vidal Barracquer'’ confinmed that the
venous hh\od in limbs wirh varicose weies, 1he post-
h d or ion ail had & higher veaous
oxygen content and a fister droulation time than normal.
This led them Lo support the 1emative ideas of Praw'® and
Brewer'® rhat these hacmodynamic fearures were caused

DR ILERMAN AND ML GOLOION T REVCRONG izt iniesd

23, Buwmen RH. Tolikitios ufcitos : smamvliom
st cact wnd iz e oo it ~inb
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i 205-313
e abaliz cumrn 3=

. Plilucelpho: & 1

7 T, Fangehar . Doy hyerebyie o« Lipsinsntuiesia
o th P Gl Lated? 4 rere 132 & LHT-23

by sncriovenous communications opening up beneuth the
skin, resulting in the death of 1 he averlying rissucs by anaemic
mnoxia, This concept received snpport from » numher off
indirect observaiions,'™" buwr dircor evidence for the
existenve of chese fytulun iy poor and open to u'muﬁm“
‘Techniques using radicactively labelled macrosggregutes'”

vr microspheres®® have not demonsiraied shuniing in
patients  with venous iasufficiency or uleerstion

Consuquemiy this theary muse aiso he viewed wirh suapicion.

ANTW TIIEORY

In 1990 Landis showed that clevation of the venous
pressure produces sn ejwivalenc nse o the intralumimad
pressuce of the capillary bed.”' Isolaed limb perfusion
studies have shown that chunges of venous pressure affect
capillary filtradon and absorpeion five to r2n rimes morc than
an equivalent chimge in arterial messure® In 1956
Whimster reported an colargemene of the Jocal dermal
capilliry bed in some  padents  with  chronic  venows
insufficiency.®’ We have invesrigared a large number of limhs
to see if there 1y  relation between the elficiency of the calt
pump and rhe aize of the capillary hed within the uleer

Novrnsd Venous Myporiersen

Yig. 2T o Vipaned

Tucrease v D oember of capiiloey looos is follow. d by T g v 12ikige
wih developrmens of 3 pevirspilliry fbwin ool

bearing skin.** We found 3 sirong coreclation, wi
maximum enlargement of the capilisry bed in paterts with
liposciecosis and deep-vein damage. A causal association was
conflitmed when cxperimental clevation of the veonoeos
pressure ‘o che hind hmb ol the dog was found o indave ao
weniical enlargement of the capillary bed.®* Seadics of “he
permeability of this enlarged cepiilury bed showsd thar the
farge molecule, fibrinogen, cacaped from the capillares
significantly faster than normal, wheress the rates of'slbumin
and sodium loss were nor afTecred. Theinverendothelial pores
stretch when the intratuminal capillary pressure is raised. ™
Fxperimental ligation of the renal vein procluces an ioensical
risc in che tibrinogen concemration of remal lymps®
confirming that kirge quantices ol fibrinvgen sccumuiare

- within the interscitial fluid when rhe venous pressnze ‘s

rursed. A similar rise in the fibrmogen content of lymph of the
dog's hind limb was tound to tollow femoral-vein ligation ™

Skin biopsy specimens from the ulcer-bearing arez of
pavicars with pos-phichitic damagu und liposcicoosis showel
pericupillary fibrin deposition in all cases, but -hos: fron
paticms with mild uncomplicaicd venous disese dul not.™
The fibeinolyds system normaslly breaks down fidrin te
solubic fibrin-degradaion products, Proveniing CXOssss
fibrm  accomulstion, st in patiemts with
lipodermarosclerosis and pos=-phlebiric Embs we tovad that
both hlood end tissue Ghrinolv i activity were significanmly
depressed. In a controlled double-blind crossover =rial of
fihsinolyiie enhancemen, che zaabolic steroid stanozolied
(*Scromdu”) produced rupi resalution of lipuse kot shin @
paticnes with scvere  Epodermacosclerosis. ™ Water-bach
stodien with fibiin sheow showed 1hae fibrin deamatically
reduced the transport of oxegen while rumainmg fuly
permeatle to carbon dioxide.™ Studies with radwact:ve’y
labelled warce, oxygen, asd carbon monexide huave shown
that the bed of # venous ulcer has a high blond flov. wik
dunlnh\h:d celinlr metabolism indicative of a diffision
block.*

HYPOTHENS

We suggest thar a high wumbalatory venuns presyare withn
the call-muscle prmp is transmitted through communicating
veins o the superficial weina within the skin and
subculaneous tissues af che calll Thes distends the lacs!
capillary beud and widens che endothelial pores, thus allnwiaz



tibrinalytic activity within both the binod and the tissue fluid.
The Sbrin deposited around the capillary forms a barrier (fg
2) 10 the passage of oxygen and other nutrients which sustain
rhe cells of the epidermis. This leads directly wo cell death and
ulceration.

Atan early stage this process may he reversed by reducing
the wnous pressure by surgery or elastic stockings and
enhancing the Gbrinvlytic activity of the cells with drugs. If
unchecked, however, the deposition of tibrin within the skin
yesalts in irreversible fiboosis and permancns rissuc damage
which makes (he ulcerarion resistang to 31l our presens forms.
of seament.
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The Cause of Venous Hypertension

Norrined Venous Myportersen
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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-Schonbein GW. Hypertension induced venous valve
remodeling. J Vasc Surg 2004;39:1329-34.

Journal of
Vascular Surgery
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