
Basics in Surgical Pathophysiology
Union Swiss Surgical Societies

HHeemostasmostasis, Bleeding and is, Bleeding and 
Vascular Disorders.Vascular Disorders.Vascular Disorders.Vascular Disorders.

Ph. Gersbach, MD. 
Department for Cardiovascular Surgery

CHUV, Lausanne.



Basics in surgical pathophysiology

Coagulation = Dynamic process 
+ fine  balance between

o thrombus formation (intrinsic/ extrinsic/ common pathways)

o thrombus inhibition (avoids abnormal thrombus  propagation:  Protein 
C, Protein S, heparin co-factor II, antithrombines, antithromboplastinesC, Protein S, heparin co-factor II, antithrombines, antithromboplastines
-such as TFPI = tissue factor pathway inhibitor-.)

o thrombus dissolution (fibrinolysis).

o Abnormalities in coagulation occur whenever 
thrombus formation, its inhibition, or its dissolut ion 
overcome each other !
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Thrombus formation
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Coagulation factors.
no name source

o I Fibrinogen banked blood
o II Prothrombin banked blood
o III Thromboplastin tissueo III Thromboplastin tissue
o IV Ca
o V Proaccelerin fresh blood
o VI = activated factor V
o VII Proconvertin banked blood
o VIII Antihemophilic A fresh blood
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Coagulation factors.

no name source

o IX Antihemophilic B banked blood
o X Stuart Power factor banked bloodo X Stuart Power factor banked blood
� XI PTA (plasmathromboplastin antecedant) banked blood
� XII Hageman factor banked blood 
� XIII Fibrin stabilizing factor banked blood

(Laki-Lorand  factor) 
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Coagulation mechanisms.

Vitamin K dependent factors.

� II, VII, lX, X.

� Protein C and Protein S
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Coagulation cascade
TISSUE INJURY

� Platelet phase platelet adhesion
platelet aggregation (serotonin)
platelet activation+ thrombus (white)

� Vascular phase vasoconstriction (through serotonin)� Vascular phase vasoconstriction (through serotonin)
blood flow slowed down.

� Lesion of vascular endothelium ®®®® collagen exposure.   
Activates the intrinsic pathway. 

� Lesion of the tissue ®®®® liberation of tissue 
thromboplastin.  Activates the extrinsic pathway.
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Mechanisms of platelet activation.

In a first step, the loss of the antithrombotic 
continuum of endothelial  cells causes  

platelet adhesion .platelet adhesion .
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Coagulation cascade
TISSUE INJURY

Intrinsic system     Extrinsic system Platelet thrombus
platelet activation       tissue thromboplastin

VII + Ca
XII ®®®® XII a XI    XII ®®®® XII a XI    
®®®® XI a  +Ca IX

®®®® IX a ®®®® VIIl+Ca

X ®®®® ®®®® ®®®® ®®®® ®®®® X a
V ®®®® V a +Ca
Prothrombin ®®®® ®®®® Thrombin ®®®® XIII ®®®® XIII a
Fibrinogen ®®®® ®®®® ®®®® ®®®® Fibrin s +Ca

Fibrin i
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Coagulation cascade
TISSUE INJURY

Intrinsic system Extrinsic system Platelet thrombus
platelet activation tissue thromboplastin (GP)

VIIa + Ca
XII ®®®® XII a XI    XII ®®®® XII a XI    
®®®® XI a  +Ca IX

®®®® IX a ®®®® VIIl+Ca

X ®®®® ®®®® ®®®® ®®®® ®®®® X a
V ®®®® V a +Ca
Prothrombin ®®®® ®®®® Thrombin ®®®® XIII ®®®® XIII a
Fibrinogen ®®®® ®®®® ®®®® ®®®® Fibrin s +Ca

Fibrin i
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Coagulation cascade

Characteristics of the extrinsic pathway

The activation of fact X by tissue factor-Vlla comp lex is
50 times less than by the intrinsic pathway.  

The tissue factor-Vlla complex also activates facto r lX to lXa, 
thus strongly interacting within the intrinsic path way.

This last mechanism is usefull to maintain the clot ting 
process because tissue factor-Vll a complex is rapi dly 
inhibited by the endogeneous TFPI (tissue factor pathway inhibitor)
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Coagulation cascade
TISSUE INJURY

Intrinsic system Extrinsic system Platelet thrombus
platelet activation tissue thromboplastin

VII + Ca
XII ®®®® XII a XI    XII ®®®® XII a XI    
®®®® XI a  +Ca IX

®®®® IX a ®®®® VIIl+Ca

X ®®®® ®®®® ®®®® ®®®® ®®®® X a
V ®®®® V a +Ca
Prothrombin ®®®® ®®®® Thrombin ®®®® XIII ®®®® XIII a
Fibrinogen ®®®® ®®®® ®®®® ®®®® Fibrin s +Ca

Fibrin i
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Coagulation tests
o prothrombin time Global test for extrinsic 

+ common pathways.
Global test for factors l, ll, V, Vll, X 
measures level of anticoagulant 
therapy. (Quick ratio: 100 % 
INR : 1.0) INR : 1.0) 

o aPTT* Global test for intrinsic +
• Activated partial thromboplastin time    common pathways

Global test for factors l, ll, V, VIII-Xll

� Activity of fact Xa Global test for activation/
Inhibition of factor Xa



� Thrombin time time for plasma to clot after adding 
exogeneous thrombin. N=13-17 sec.
measures the rate at which   fibrin 
forms
(Increased in cases of heparinization, 
hypo -dys- or afibrinogenemia and of DIC. )
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Coagulation tests

hypo -dys- or afibrinogenemia and of DIC. )

o D-Dimer measures fibrinogen degradation 
products.
(increased in cases of DIC, DVT, PE, MI)

o ACT measures level of heparinization
(N �  120 sec.)
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Platelet function tests

o Peripheral platelet counts 150'000 - 400'000

o Bleeding time. Evaluates both Ivy    1 - 9 min
platelet number and function Duke 1 - 4 min

� Thrombelastogram.
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Endogeneous anticoagulants

Inhibition of the clotting process by:

� the smoothness of the vascular endothelium .
(Negatively charged proteins in the vascular endothelium continu ously 
repell clotting factors and platelets +NO /TFPI / Thrombomodu lin, 
release of fibrinolytic mediators).release of fibrinolytic mediators).

� endogeneous anticoagulants, mainly
- AT lll (binds to thrombin and prevents fibrinogen-fibrin )
- Heparin co-factor II (homologous with ATlll)  
- Prot C (inhibits activity of factors V and Vll) 
- Prot S (enhances the effect of protein C).
- TFPI (tissue factor pathway inhibitor inhibits the tissue factor-Vlla complex)
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Role of the liver

� Loss of liver parenchym  decreases:
- all coagulation factors except f Vlll and von Willebrand co-f .
- physiologic inhibtors of the coagulation (ATlll, Prot C, Prot S)
- components of the fibrinolytic system ( mainly plasminogen , 

and a2 antiplasmines).and a2 antiplasmines).

� Liver dysfunction induces :
- platelet dysfunction
- dysfibrinogenemia
- accelerated fibrinolysis(impaired clearance of tissue         

plasminogen activators  t-PA).
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Disseminated intravascular coagulation (DIC).

� Hyperproduction of thrombin in the systemic circulation

� Induces both life-threatening thrombosis and hemorrhage

Clinical signs:Clinical signs:

-Hypotension     (due to activation of the kallikrein/bradykinin system)

-Hypoxemia   (due to bleeding and thrombosis in the lung)

-Renal failure (due to fibrin deposits in the glomerula)

-Mental disorders (due to fibrin deposits in the brain  microvessels)
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Disseminated intravascular coagulation (DIC).

Triggering conditions:

- Infection: intrinsic coagulation via endothelial injury         
- Obstetrical complications: extrinsic system
- Neoplasms: extrinsic system- Neoplasms: extrinsic system
- Massive trauma: extrinsic system
- Transfusion complications: liberation of phospholipids
- Severe shock and acidosis: miscellaneous.

-Hypotension due to liberation of kallikrein/bradykinin is  
only induced by the activation of the intrinsic system.
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Disseminated intravascular coagulation (DIC).

Laboratory diagnosis

-Lowered platelet count  and plasma fibrinogen level.
-Elevated FDP levels and D-Dimers ( fibrin split products).
-Prolonged prothrombin time  (TP) (factor consumption +

lowered fibrinogen level.lowered fibrinogen level.
-Prolonged thrombin time (TT) (lowered fibrinogen level).
-Prolonged reptilase time  (>22 sec) (not heparin dependent).
-Decreased AT lll (consumed by ongoing inhibition of thrombin).
-Decreased euglobulin time (> 2hours) (global test for fibrinolytic 

activity  decreases to several 
min. in hyperfibrinolytic states).



Treatment.

� Correct the triggering mechanism:
(Uterus emptying/  Drainage of abcesses and antibiotics/                        
Chemotherapy/ Hormontherapy (Prostata CA) etc).
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Disseminated intravascular coagulation (DIC).

Chemotherapy/ Hormontherapy (Prostata CA) etc).

� Catheter removal

� Coagulation support:
-heparin alone in only thrombotic  patients
- heparin  + coagulation factors in thrombotic/ haemorrhagic patients
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Thrombolysis
Coagulation cascade:

XIIa

Prothrombin ®®®® Thrombin XIII ®®®® XIII a
Fibrinogen ®®®® ®®®® ®®®® Fibrin s CaFibrinogen ®®®® ®®®® ®®®® Fibrin s Ca

Plasminogen  ®®®® Plasmin Fibrin i 

Va and Vllla Fibrin split products
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Thrombolysis
Plasminogen:

� Synthesized in the liver

� Average concentration in human plasma of 21mg/dl.� Average concentration in human plasma of 21mg/dl.

� Converted into plasmin under the influence of
- thrombin, fact Xlla, fact Va, fact Vllla. 
- t-pA (tissue type plasminogen activator) u-pA ( urokinase-type plasminogen 

activator)

- external stimuli such as stress, hypoxia, hypoglycemia



Basics in surgical pathophysiology

Fibrinolytic agents
� Plasminogen activators.
stimulate   transformation of  plaminogen to plasmin

- Streptokinase (antigenic/ platelet alteration)

- Urokinase.
- rt -PA (recombinant tissue plasminogen activator): Alteplase, tenecteplase,- rt -PA (recombinant tissue plasminogen activator): Alteplase, tenecteplase,

reteplase

� Agents with direct proteolytic activity
(± under investigation):
Alfimeprase /  Plasmin /   Desmoteplase =bat-PA 

(from the saliva of  a vampire bat).
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Antifibrinolytic agents

� aprotinin (Trasylol ®) not available anymore

tranexamic acid (Cyklokapron ®)� tranexamic acid (Cyklokapron ®)
� epsilonaminocaproic acid (Epsikapron ®)



Thrombolysis for  acute arterial thrombosis

Acute arterial thrombosis: problems

� long asymptomatic history
� few collaterals in aneurysms
� even less collaterals in the joint       � even less collaterals in the joint       

area
� acute event comes as surpri  
� dramatic natural history
� often advanced age.

XX



Acute thrombolysis of peripheral arterial aneurysms

Acute thrombolysisAcute thrombolysis
Thrombolysis at CHUV
� clinical assessment + ultrasound (heart)
� angiography from contralateral side� angiography from contralateral side
� catheter imbedded within thrombus
� urokinase (Medac, Hamburg, Germany)

� initial bolus 200’000 IU
� infusion 75’000 IU/24h
� heparin 15’000 IU/24h



Acute thrombolysis of peripheral arterial aneurysms

Thrombolysis at CHUVThrombolysis at CHUV

Initial angiographyInitial angiography thrombolysis: 22 hoursthrombolysis: 22 hours thrombolysis: 44 hoursthrombolysis: 44 hours
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Bleeding disorders

Inherited or acquired:

� Lack of coagulation factors.� Lack of coagulation factors.

� Platelet disorders.

� Vasculopathies.
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Bleeding disorders
Inherited lack of coagulation factors

o von Willebrand disease (lack of attributes to
factor Vlll necessary for platelet adhesion) R 

� hemophilia A (factor VIII) and B (factor lX) R/ S

o F V  (Morbus Owren) F Vll, F X, 
F XI (Jewish), F XII, F XIII R (all)

� Afibrinogenemia (F I). R
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Bleeding disorders
Acquired lack of coagulation factors

o oral anticoagulation
o fibrinolysis
o liver diseaseo liver disease
o lack of vitamin K (fact ll, Vll, lX, X)
o disseminated intravascular coagulation (consumption  

of coagulation factors)
o severe hemodilution
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Bleeding disorders
Inherited platelet disorders.

o Thrombocytopenia
o Thrombastheniao Thrombasthenia

- von Willebrand’s disease
- Bernard-Soulié = lack of GP-lb
- Glanzmann - Naegeli =lack of GP llb/llla complexes

o Giant platelets
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Bleeding disorders
Acquired platelet disorders .

o Thrombocytopenia: Splenomegaly, bone marrow diseases

� Lupus, APL syndrome ( autoantibodies/steroid treatment).

Werlhof (idiopathic thrombopenic purpura)Werlhof (idiopathic thrombopenic purpura)
o Uremia, Alcoholismus, Viruses (Pfeiffer, HIV, EB, CMV, rubella. etc)

� Drugs -antiplatelet drugs
- heparin (HIT)
- phenylbutazon (antiinflammatory drug)
- sulfinpyrazon (antihyperuricemic drug)
- others (chemotherapy)
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Bleeding disorders
Inherited vasculopathies

o Teleangiectasia
Osler - Rendu - Weber o Osler - Rendu - Weber (multiple teleangiectasiae skin + mucosa)

o Ehlers - Danlos (abnormal collagen in the vessel wall)

o Cavernous hemangioma
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Bleeding disorders
Acquired vasculopathies

o toxic (meningococci)
metabolic disease (Cushing)o metabolic disease (Cushing)

o medication induced (steroids)
o avitaminosis (scorbut)
o autoimmune disease (purpura Schönlein- Henoch)
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Antithrombotic / Anticoagulant drugs.

� Natural (ATlll, heparin co-factor 2 , prot C,  prot S)
Xigris® = recombinant activated human protein C

� Antiplatelet activity          (Salicylates, Tirofibran, Clopidogrel, Dextran)

� Vit K antagonists ( Sintrom®,  Coumadin® ,Marcoumar® )

� Thrombin and F Xa inhibitors           � Thrombin and F Xa inhibitors           (NF heparin, LMWH, Orgaran)

� Direct thrombin inhibitors       (Argatroban, Ximelagatran, Hirudines)

� Specific F Xa inhibitors (Fondaparinux)

� F Vlla inhibitors        (r-NAP c2, recombinant of saliva of an ankylostoma)

� Fibrinolytic agents                          (urokinase, streptokinase, rt-PA)

� Defibrinogenating agents            (Snake venoms, ancrod, crotalase)
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Structure of the Platelets.
aaaa-storage granules contain bbbb- granules contain

-platelet factor 4 -ATP
-bbbb-thymoglobulin -ADP
-platelet-derived growth factor -Serotonin
-P-selectin-P-selectin
-fibrinogen
-factor V
-von Willebrand’s factor

Membrane receptors
Mostly glycoproteins (GP), 
especially GPllb/llla receptor (for fibrinogen and fibronectin)
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Mechanisms of platelet activation.

Loss of the antithrombotic continuum of endothelial  cells causes
platelet adhesion .

Shear forces induces aggregation through the  binding of v.W Factor to 
GP-lb receptor. Transformation of archidonic acid into thromboxane A2 GP-lb receptor. Transformation of archidonic acid into thromboxane A2 
which exerts a strong feed-back amplification.

Platelet activation is mediated by various agonists such as  thrombin, 
ADP , thromboxane A2 , platelet activating fact., serotonin, epinephrin.
It induces a conformational change in the structure of GP llb/llla
receptors which increases their activity for fibrinogen and v.W factor.
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Antiplatelet  agents

Salicylates Inhibit the synthesis of thromboxane A2 in the platelets

Clopidogrel blocks the binding of ADP with its receptor and, thus, 
(Plavix®) the activation of the GPlla/lllb complex 

Tirofibran     Aggrastat®/ Abciximab Reo-Pro®/ Eptifabatidum Integrilin®
block the GP llb/llla receptor and /or the binding of 
fibrinogen and vW. Factor

Dipyridamole (inhibits phosphodiesterase)  and Dextrans exert a less 
potent and less specific antiplatelet activity
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Anticoagulants

� Heparin suppresses function

� Oral anticoagulants suppress synthesis

of clotting factors
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Anticoagulants
Coumarines

o main action as vitamin K antagonist

o inactivates factors II, VII, IX, X

long half live (days) o long half live (days) shortest= acenocoumarol (Sintrom®)

intermediate warfarin (Coumadin®) /long phenprocoum one( Marcoumar®)

o antagonist is vitamin K

o rapid reversal through FFP and whole blood

o Coumarin-induced skin necrosis (very rare)



Basics in surgical pathophysiology

Heparin
� Negatively charged muccopolysaccharide. 

Present endogeneously in high concentrations in 
the liver and granula of the mast cells.

� Binds with AT lll and causes an 1000x increase in its activity as an 
inhibitor of thrombin ( f lla )   = blocks the coagulation cascade.

� Inactivates also factors IXa, Xa.

� Releases platelet factor 4 (PF4)

� No oral form /Short half-life (60-150 min) /          
Antidote available.
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AT lll

� Synthetized in the liver; is present in the 
plasma at 150 µg/ml.

� Serine protease inhibitor (SERPIN).
� Forms a 1:1 complex that blocks the active site � Forms a 1:1 complex that blocks the active site 

of the protease.
� The primary proteins targeted by AT lll are 

thrombin , factors lXa and  Xa.
� Substitution by FFP and plasma-derived 

concentrates (ATenative®, Octopharm Stockholm).  
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Heparin induced  thrombocytopenia (HIT)

� Definition

� Decrease of circulating thrombocytes to < 40 %  of 
baseline value baseline value 

� and/or less than 50.000 thrombocytes/ml

-under heparin treatment.
-Possible with any dosage, including catheter flush
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Heparin induced  thrombocytopenia (HIT)

� Major clinical problem is thrombosis

� Appears  within 1 -21 days  in 3-5% of pat  receiving iv. heparin� Appears  within 1 -21 days  in 3-5% of pat  receiving iv. heparin
� Possible with all routes of administration
� Reversal 1-10 days.
� Increased anti PF4 plasma level: 50%-60% specific and sensitive
� Bleeding is rarely an issue
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Heparin induced  thrombocytopenia (HIT)

Treatment

-Stop heparin immediately (Clinical signs)-Stop heparin immediately (Clinical signs)
-Alternative anticoagulation mandatory



Heparins and alternatives

Low molecular weight heparins
Daltéparine/Enoxaparine/Nadroparine

LMWHs:
� Inhibit Xa much more than thrombin  (1,5- 4:1)
� Bind to ATlll and heparin co-factor ll (thrombin 

inhibition)inhibition)
� Only parenteral form/ standard dosage /no 

monitoring necessary
� Do not significantly modify aPTT ( ®®®® antiXa)
� Are partially antagonized by protamin sulfate
� 20% cross-reactions with heparin (HIT)
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Action of LMWH.
TISSUE INJURY

Intrinsic system Extrinsic system Platelet thrombus
platelet activation       tissue thromboplastin

VII + Ca
XII ®®®® XII a XI    XII ®®®® XII a XI    
®®®® XI a  +Ca IX

®®®® IX a ®®®® VIIl+Ca

X ®®®® ®®®® ®®®® ®®®® ®®®® X a
V ®®®® V a +Ca
Prothrombin ®®®® ®®®® ®®®® ®®®® Thrombin ®®®® XIII ®®®® XIII a
Fibrinogen ®®®® ®®®® ®®®® ®®®® Fibrin s +Ca

Fibrin i
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LMWH principles of treatment
Onset 2 to 24 hours before surgery

Free interval of 12 hours before spinal puncture

Minimal treatment duration of 7 days.Minimal treatment duration of 7 days.
Free interval of  4 hours for spinal catheter withdrawal

In critical situations unfractionated heparin
-either 100-200 UI/kg intravenously
-or 2x 5000-7.500 UI subcutaneously.  



Alternatives to heparin treatment
Factor Xa inhibitors.

� Danaparoid (Orgaran®).
(Heparan sulfate/ dermatan sulfate/ chondroitine sulfate). 
Subcutaneous administration. aPTT does not monitor the effect. Renal 
elimination. Inhibits Xa much more than thrombin  (>22:1).Half life 24h

� Pentasaccharides (synthetical heparin fraction).� Pentasaccharides (synthetical heparin fraction).
Subcutaneous administration (oral substances in development such as Bay 59-7939= 

rivaroxaban)

-Fondaparinux (Arixtra®) half-life ca 18 hours. Renal elimination.
-Idraparinux half-life  ca 130 hours (not yet commercially available).

� Substances from blood sucking animals(leech anticoagulant 
peptide antistasin AST, tick anticoagulant peptide TAP, black fly). 

� No antidote available.



Heparins and alternatives

Danaparoid
TISSUE INJURY

Intrinsic system Extrinsic system
platelet activation tissue thromboplastin platelet thrombus
XII  ®®®® XII a VII + Ca
XI   ®®®® XI  a 
IX   ®®®® IX  a  ®®®® VIIl+Ca

Together with AT lll
Danaparoid induces:
mainly antiXa activity

XI   ®®®® XI  a 
IX   ®®®® IX  a  ®®®® VIIl+Ca

X ®®®® ®®®® ®®®® ®®®® X a
V   ®®®® V a +Ca

Prothrombin   ®®®® Thrombin XIII ®®®® XIII a
Fibrinogen ®®®® Fibrin s

Fibrin i

mainly antiXa activity
(heparan sulfate) and
anti lla (Chondroitin   

and dermatan sulfates)
But 50% unknown
Mechanism
Antidote Novoseven 



Heparins and alternatives
Fondaparinux (Arixtra)

� Together with AT lll (binding at 97%) inhibits
selectively factor Xa.

� Does not produce HIT
� Antidote: Novoseven

-Renal clearance over 50 ml/min. Forbidden if < 20ml/min-Renal clearance over 50 ml/min. Forbidden if < 20ml/min
-Hypokaliemia/ elevation of the liver enzymes
-No clinical data available on the effects in cases  of HIT (2009).
-Superior to LMWH in orthopaedic surgey (but more expensive)

Prophylaxy : single daily dosis of 2.5 mg subcutaneously  
Therapy: single daily dosis of 5 to 10 mg subcutaneously 

(according to body weight)
.



Alternatives to heparin treatment

Direct thrombin inhibitors (anti lla)
� Act independently of antithrombines
� Slight antiplatelet activity (thrombin stimulates platelet 

deposition and activation)

� No antidote available/ weak correlation with aPTT
-r-Hirudin         (Refludan®, only parenteral) renal  -r-Hirudin         (Refludan®, only parenteral) renal  

elimination, target aPTT 1.5-2.5X baseline.
-Bivalirudine (Angiox®, parenteral, less renal elimination)
-Argatroban      (parenteral. Experimental Oral :L472360)                

target 1.5-3x the baseline  aPTT value; cave 
hepatic impairment.  

- Melagatran      (only parenteral/ no lab monitoring)
- Dabigatran (oral, Praxada®,phase lll/2009)

-Ximelagatran (oral Exanta® /  liver toxicity, no more available)



Heparins and alternatives

r-Hirudin
TISSUE INJURY

Intrinsic system Extrinsic system
platelet activation tissue thromboplastin platelet thrombus
XII  ®®®® XII a VII + Ca
XI   ®®®® XI a 
IX   ®®®® IX a ®®®® VIIl+Ca
XI   ®®®® XI a 
IX   ®®®® IX a ®®®® VIIl+Ca

X ®®®® ®®®® ®®®® ®®®® X a
V   ®®®® V a +Ca

Prothrombin   ®®®® Thrombin XIII ®®®® XIII a
Fibrinogen ®®®® Fibrin s Ca

Fibrin i

R-HIRUDIN BLOCKS THE 
ACTION OF THROMBIN BY 
DIRECT 1:1 BINDING



Alternatives to heparin treatment

Nematod: Factor VIIa inhibitors.

Factor VII: synthetized by the liver.   Low plasma level (0.3-0.6 mg/l.) 
Short half-life (5-6 hours).

C2 (r-NAP c ):C2 (r-NAP c2):
- recombinant of a nematod anticoagulant protein which is present in the 

saliva of the hookworm (ankylostome)
- specific inhibiting properties on the the tissue factor/factor Vlla complex

- Aministration subcutaneously every other day.

- No antidote available.



Heparins and alternatives

Snake venoms:Ancrod, Crotalase.
Ancient (1980-90) treatment of HIT.

� Defibrinogenating agents (Catalyze fibrinogen breakdown and 
enhances fibrin sensitivity to endogeneous fibrinolysis)

� Blocks the activation of factor Xlll

Prothrombin ®®®® thrombin    ®®®® Xlll ®®®® Xllla     platelet thrombus
Fibrinogen    ®®®® fibrin s

Ca

fibrin i
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Thrombosis

Arterial thrombosis
o Search for source of peripheral arterial embolization
o Prevention by means of antiplatelet agentso Prevention by means of antiplatelet agents
o Surgery: thrombectomy, thrombendarteriectomy 

(carotid arteries) or resection (aneurysms)
o Fibrinolysis 
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Thrombosis
Venous thrombosis

o caused by VIRCHOW’s – triad (1850)
-Stasis, endothelial lesions, increased coagulabili ty

o Anesthesia itself increases coagulability  (Lengenh agger 
1948)   20-50% risk of DVT under anesthesia  1948)   20-50% risk of DVT under anesthesia  

o deep venous thrombosis as source of  pulmonary embo lism
o prevention: heparin, dextran, coumarin
o surgery: thrombectomy, caval filter,vein restoratio n
o fibrinolysis 
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Venous thrombosis
Risk factorsRisk factors.

Immobilization
Previous eventPrevious event
Malignancy
Thrombocytosis
Obesity
Varicosis
Hormonal treatments
Rxtherapy of the lower abdomen
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Venous thrombosis

Bilateral 
pulmonary pulmonary 
embolism.
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Thrombophilia

Deficiency in Thrombocytosis aPL syndrome
-AT lll High serum viscosity
-Heparin co -factor ll Polycythemia-Heparin co -factor ll Polycythemia
-TFPI
-Protein C
-Protein S

Factor V Leiden: Fact V resistent to normal degradation by activated C 
Protein   (APC)
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Atherosclerosis
o intimal disease

– hypertension
– hypercholesterolemia
– mechanical stress– mechanical stress
– ....

o rolling of leucocytes
o adhesion of leucocytes
o subintimal disease
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Peripheral arterial occlusions
Chronic arterial disease

Fontaine’s classification

o I stenosis, no symptomso I stenosis, no symptoms
o II claudicatio intermittens
o III pain at rest
o IV acral lesions
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Peripheral arterial occlusions

Acute arterial events : 5 P
o 1 pain
o 2 paleo 2 pale
o 3 pulseless
o 4 paresthesia
o 5 plegia 
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Non-atherosclerotic diseases

o cystic medial necrosis
o Marfan diseaseo Marfan disease
o Ehlers - Danlos
o Buerger's disease
o polyarteritis nodosa
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Arterial compression 
syndromes

o thoracic outlet syndrome
o cervical ribs
o (vascular rings)
o ligamentum arcuatum
o popliteal entrapment
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Compartment syndroms
o reperfusion edema after arterial 

revascularization
– Fasciotomy mandatory if  compartment – Fasciotomy mandatory if  compartment 

pressure above 40 mm H20

o phlegmasia coerulea dolens in 
deep vein thrombosis

– thrombectomy if distal ischemia
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Aneurysmal disease

Definition 
intima  media  adventitia

o true aneurysm + + +o true aneurysm + + +
o false aneurysm +
o dissection in between
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Aneurysmal disease

True aortic 
aneurysmaneurysm
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Aneurysmal disease
False 
aortic 
aneurysmaneurysm


