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Hematology: Procoagulant states and thromboembolic disease
Regulation of the coagulation cascade (for more, see: Hematology, Bleeding disorders,
regulation and testing)
-











Once the coagulation cascade is triggered, the initial production of Factor X by the TF/VII
complex and Factor IX produces enough thrombin to create an explosive thrombininduced amplification that results in clot formation.
Thrombin activates:
• Thrombin induces more thrombin production
 Factor XI (supplements Factor IX
by:
activation)
Activation of Factor XI, which produces more Factor IX
 Factor VIII (forming the tenase
Activation of PARs (protease-activated receptors) that causes
complex)
polyanion expression on the platelet surface necessary for
 Factor V (forming the
factor complex formation
prothrombinase complex)
Activation of Factor VIII for the FIX/VIII complex (the tenase
 Converts fibrinogen to fibrin
complex)
 Factor XIII (covalent cross-linking of
Activation of Factor V for the FX/V complex (the
fibrin)
prothrombinase complex)
 Platelets (through the PARs, forming
• Thrombin activation of PARs also causes dense
the polyanions on the platelet
and α granules in the platelets to release their
membranes for the complexes)
contents, which includes ADP. ADP upregulates
the P2Y12 and GpIIb/IIIa receptors.
- There are multiple regulators of coagulation for both platelet and coagulation factors.
A. Endothelial cell anti-platelet aggregation factors:
- Prostaglandin I2 (PGI2)
Endothelial cells adjacent to a site of vascular injury release arachidonic acid (produced
from membrane phospholipids by phospholipase A2).
Endothelial cells contain cyclooxygenase 2 (COX-2), which converts the arachidonic acid into
PGI2. Platelets, in contrast, contain COX-1, which produces thromboxane A2 (TXA2).
PGI2 antagonizes the platelet aggregation and vasoconstriction effects of TXA2.
Low dose aspirin in cardiovascular disease
The rational for low dose aspirin (ASA) in patients with high risk of
atherosclerotic cardiovascular disease (ASCVD) is that ASA
irreversibly binds COX-1, and that inhibits TXA2 production for the
life of the platelet. By comparison, low dose ASA only minimally
inhibits COX-2, so that there is little decrease in endothelial cell PGI2
production.
Note that the risk of hemorrhage with ASA use becomes greater
than the cardiovascular benefit with increasing age.
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- ADPase
The most important route of platelet activation is thrombin stimulation of PARs (platelet
activation receptors). This is even greater than collagen/vWF activation pathway. PARs
cause degranulation of platelet granules.
• Dense granules release compounds, e.g. ADP, that are powerful platelet
activators.
• Alpha granules release proteins, e.g. fibrinogen and vWF.
Endothelial cell ADPase has significant anti-platelet activation effects.
- Nitric oxide (NO)
NO is produced in endothelial cells and it inhibits platelet adhesion and aggregation.
NO also causes smooth muscle relaxation with vasodilation.

Nitric oxide is produced in the endothelial
cell and then diffuses into the adjacent
smooth muscle cells, where it activates
myosin light chain phosphatase. This
relaxes the myosin heavy chain, causing
vasodilation.
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B. Anti-factor anticoagulants
1. Tissue factor pathway inhibitor (TFPI)
The TF activation of Factor VII is the most important pathway in coagulation. It starts the
initiation phase, producing trace amount of thrombin that lead to the amplification phase.
This thrombin burst is the most important effector of both factor and platelet activation.
TFPI comes in two forms. TFPI-β is found on the endothelial cell surface. It inhibits the
TF/FVII complex and Factor X. A second form, TFPI-α, is free in the plasma and inhibits the
early prothrombinase complex of X/V on the platelet surface.
2. Thrombomodulin and Protein C
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When thrombin binds to thrombomodulin on the endothelial cell membrane,
thrombomodulin acts as a molecular “switch”, transforming thrombin into an anticoagulant, through its activation of Protein C
Protein C, with Protein S on the platelet surface, inactivates Factor VIII in the tenase
complex and Factor V in the prothrombinase complex.
• Factor V Leiden has an amino acid substitution that inhibits its
inactivation by Protein C
Protein C, along with Factors II, VII, IX and X, requires carboxylation by Vitamin K. As Protein
C has about the same half-life as Factor VII, about 6 hours, Protein C may decrease before
Factor VII when warfarin therapy is initiated. This puts the patient into a hypercoagulable
state. For this reason, heparin is used for 1-2 days at the start of warfarin anticoagulation.

“Heparin before warfarin” (see text)















3

3. Anti-thrombin (also known as anti-thrombin III; ATIII)
There are several circulating anti-thrombins, of which anti-thrombin III (ATIII or AT) is the
most important.
ATIII inhibits many factors, most importantly Factors II and X
Congenital defects of ATIII can be quantitative or qualitative.
Acquired ATIII deficiency is seen in nephrotic syndrome and results in renal vein
thrombosis.
ATIII is the target of heparin.
4. Heparin-like substances
Endothelial cell surfaces are coated in glycosaminoglycans (repeating units of disaccharides
with acetyl and sulfyl groups), which give them a slippery, non-binding surface (think
“slime”).
The most abundant GAG is heparan sulfate, which differs from heparin only by the
proportion and types of acetyl and sulfate groups
Heparin sulfate has a binding site for ATIII that increases its activity >1000 fold.
5. Tissue plasminogen activators (tPA)
tPA activates plasminogen to plasmin, which then cleaves fibrin and fibrinogen into
fragments, called fibrin degradation products (FDPs).
• The smallest FDP is D-dimer.
• Endothelial cells also secrete urokinase, which has greater activity in
tissues.
Plasmin is most active when it is bound in complex with fibrin. Plasminogen binds to fibrin
strands during clot formation, and this then optimizes plasmin’s actions during termination
of clotting.
Alteplase is a recombinant tPA used in acute arterial thrombosis (STEMI, ischemic stroke,
pulmonary embolism).

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

Anti-thrombotic pathways
Diseases of thrombosis
-

-
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Pathologic thrombosis clinically manifests as venous
thromboembolism with an abnormality in one or more of
three factors:
• Hypercoagulability
• Abnormal blood flow (i.e. stasis)
• Injury to the endothelium
It most commonly manifests as deep vein thrombosis (DVT)
of the leg with the attendant risk of pulmonary embolism.
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Hereditary diseases of thrombosis
Factor V Leiden
-
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Factor V Leiden is a mutated form of Factor V that resists inactivation by Protein C.
Pathophysiology
• Caused by a single nucleotide mutation (guanine to adenine) that results in an
amino acid substitution (written as: Factor V R506Q, where R=arginine and
Q=glutamine), which eliminates the Factor V cleavage site
• Autosomal dominant inheritance.
• Factor V is activated by thrombin and together with Factor X, forms the
prothrombinase complex which creates more thrombin in an explosive
feedback loop. (For more, see: Hematology, Bleeding disorders, Hemostasis
and Testing)
• Thrombin creates its own negative feedback loop by binding to
thrombomodulin on the surface of normal endothelial cells. This
thrombin/thrombomodulin complex then activates Protein C, that, together
with Protein S, inhibits Factor VIII of the tenase complex and Factor V of the
prothrombinase complex. This helps regulate clot propagation.
- Epidemiology:
• Factor V Leiden has a prevalence of 5-10%, depending upon the population
studied.
• It has a lifetime risk of ~5% for venous thromboembolism (VTE)
This is most commonly deep vein thrombosis (DVT) in the leg, with risk of pulmonary
embolism (PE).
• In a patient with a history of a previous VTE, the likelihood of underlying Factor
V Leiden is 25-50%
- Diagnosis:
• Testing for Factor V Leiden should be performed for a positive family history,
recurrent DVTs, DVT at a young age (e.g. <50 years old), or thrombosis in a vein
other than the leg.

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
Testing can be for the DNA mutation or with a functional
assay for activated Protein C resistance.
The typical functional assay adds increasing concentrations of activated
Protein C (APC) to the patient’s plasma. Normal patient show prolongation
of the PTT due to inhibition of Factors X & II by activated Factor V(see
image).
- Treatment
• The usual anticoagulation for a VTE event
• Patients are managed as a high risk individuals for surgery.
• Birth control pill use is not recommended.
•



Prothrombin G20210A
-

-
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Thrombin is the central protein in the coagulation pathway.
• It is activated in trace amounts by Factor X, which results in a self-induced
amplification burst, as thrombin activates (see beginning of article):
• Factor XI (supplements Factor IX activation)
• Factor VIII (forming the tenase complex)
• Factor V (forming the prothrombinase complex)
• Converts fibrinogen to fibrin
• Factor XIII (covalent cross-linking of fibrin)
• Platelets (through the PARs, forming the polyanions on the platelet
membranes for the complexes)
• Thrombin is self-regulating through its action on thrombomodulin, which
activates Protein C. Protein C inactivates Factors V and VIII, which form the
membrane complexes.
• Thrombin is inhibited by anti-thrombin (aka anti-thrombin III). AT activity is
increased more than 1000-fold by heparin.
• Thrombin is produced in the liver and has post-translational modification by a
Vitamin K-dependent γ-carboxylase. This modification of the thrombin allows it
to bind to membranes in the presence of calcium and thereby have a much
higher level of activity. Warfarin inhibits the Vitamin K-dependent
carboxylation.
Pathophysiology:
• Prothrombin G20210A is a single nucleotide substitution of adenine (A) for
guanine (G) at the 20210 position of the prothrombin gene (hence its name)
• The mutation is in an untranslated region that seems to increase the activity of
the mRNA, resulting in increased levels of plasma prothrombin, by about onethird.
• It is presumed that the high prothrombin levels results in increased thrombin
production and a hypercoagulable state.
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Epidemiology:
• Present in 2% of Caucasians.
• Inherited as an autosomal dominant disease
Heterozygotes have a 3-4 fold increased risk for VTE, higher in homozygotes. This goes to
15-fold with oral contraceptive use.
- Presentation: VTE
- Testing:
• Warranted with (+) family history, VTE at an early age (i.e. <50 years),
recurrent VTE, VTE in a vein other than the leg.
• Genetic testing by PCR for the G20210A substitution.
- Treatment:
• The same as for any other VTE: anticoagulation for 3/6 months.
• Prophylaxis is not indicated
• Oral contraception should be avoided.

Protein C deficiency
-

-

It may be difficult to differentiate hereditary from acquired Protein C deficiency, as
there are many conditions that have decreased Protein C levels. These include cancer,
dialysis and Vitamin K antagonists (e.g. warfarin) or Vitamin K deficiency.
Pathophysiology
• Protein C is a member of the family of serine proteases produced by the liver,
with post-translational γ-carboxylation by a Vitamin K-dependent carboxylase.
• Protein C has a short half-life comparable to that of Factor VII (6-12 hours).
• Hypercoagulable states start with levels <50% normal. Lower levels manifest
earlier in life (e.g. <20% - in adolescence; <1% - in neonates).

Warfarin-Induced Skin Necrosis
It is well known that warfarin therapy can decrease Factor S levels before
decreases in Factors VII, II, IX and X. This hypercoagulable state can result in
microvascular thrombi throughout the cutaneous vessels leading to necrosis. This is the
same pathology seen in Heparin-induced skin necrosis, DIC and anti-phospholipid
syndrome (APLS).
Warfarin-induced skin necrosis is a particular risk in patients with low levels of
Protein C. The thrombosis can be prevented by starting warfarin therapy with heparin.
-
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Presentation: VTE ± PE is most common
Testing:
• Factor S levels <50% normal
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Testing is indicated with a (+) family history, VTE at an early age (i.e. <50 years),
recurrent VTE, VTE in a vein other than the leg and in warfarin-induced skin
necrosis.
Treatment: anticoagulation indefinitely
•

-

Anti-thrombin deficiency (AT, aka antithrombin III)
-



Anti-thrombin deficiency may be inherited or acquired.
• Inherited deficiencies are rare and may be quantitative or qualitative.
• Acquired deficiency is relatively common and a good example is seen in
nephrotic syndrome, with its renal loss of proteins, including AT.
~5% of nephrotic syndrome patients develop renal vein thrombosis.
- Pathophysiology:
• Anti-thrombin (AT) is a serine protease produced in the liver. It inactivates
thrombin and multiple other coagulation factors.
• Heparin binds to AT and increases its activity 1000 fold.
- Presentation: VTE
- Testing:
• Decrease in AT activity to <50%
• Testing should be performed only in high prevalence situations:
• (+) family history
• VTE at a young age (e.g. adolescence)
• Heparin resistance

Acquired Diseases of Thrombosis
Anti-phospholipid syndrome (APLS)
-

-
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APLS is an autoimmune disease with venous or arterial thrombosis and/or miscarriages
in the setting of anti-phospholipid antibodies (aPL).
Pathophysiology:
• APLS may be primary or secondary to a connective tissue disease, especially
SLE.
Presentation:
• VTE, especially in a young person, or unexpected or repeated miscarriages
Testing:
• Lupus anti-coagulant
• Prolongation of the PTT test that is not correctable with normal plasma.
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The sensitivity of the correction can be manipulated by the dilution of
the normal plasma. Failure of correction with a patient: normal plasma
ratio of 80%:20% is sensitive (i.e. low titers of anti-coagulant), while
correction requiring a 50:50 ratio will correct all APLS patients except
those with very high anti-coagulant titers.
Anti-phospholipid antibodies (aPL)
• Testing is for antibodies to 2 major factors: cardiolipin and β2glycoprotein.
• Cardiolipin is a phospholipid that binds other proteins, commonly β2glycoprotein.
• β2-glycoprotein inhibits many steps in coagulation regulation.
• The aPL complexes inhibit many of the systems that regulate the
coagulation cascade.
Presentation: VTE ± PE and/or repeated miscarriages
Testing:
• Lupus anti-coagulant (i.e. elevated PTT not corrected by mixing study)
• Anti-phospholipid antibodies
Treatment:
• Standard anticoagulation after thrombotic event (e.g. warfarin with
initial heparin)
• Anticoagulation duration is lifetime.
• There is no good evidence for prophylactic anticoagulation.
•

•

•
•

•

Drug-induced thrombosis
A. Heparin-induced thrombocytopenia
• After more than 4 days of heparin therapy, 5% of people will form auto
antibodies to platelet factor 4 (PF4). This is a life-threatening condition.
• PF4 is a protein released from the alpha granules upon platelet activation. It
has anti-heparin function and binds to heparin on the surface membrane of
platelets and heparan sulfate on the surface of endothelial cells
• IgG on platelets activates them and incurs their removal in the spleen,
leading to thrombocytopenia
• Endothelial damage leads to dysregulation of coagulation and
thrombosis
- Presentation:
• 5-10 days after start of heparin therapy, patient develop thrombocytopenia
and thrombosis of both veins and arteries
• DVT of the leg
• Skin necrosis: usually at the site of injection
• Limb necrosis: due to venous thrombosis

9
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Testing:
• Diagnosis is based on the “4 T’s”:
• Thrombocytopenia in days 5-10
• Tissue necrosis
• Timing: 5-10 days after the start of the therapy
• OTher causes have been ruled out.
• Anti-PF4/heparin antibodies
- Treatment:
• Stop heparin
• Direct oral anticoagulant (not warfarin as it may have an initial prothrombotic
start due to decreased Protein C decrease.
B. Warfarin-induced skin necrosis
- Warfarin inhibits the synthesis of Vitamin K dependent factors II, VII, IX and X, together
with Proteins C and S. Protein C has a relatively short half-life (~8-12 hours) and may
decrease before that of Factor VII (~6 hours). This would make the patient
hypercoagulable.
- This hypercoagulable state can cause thrombosis of the vessels of the skin, with
ischemia and skin necrosis.
- Presentation: lesions appear several days after the start of warfarin therapy. If heparin
is also being used, then the lesions start with the discontinuation of the heparin.
- Testing: decrease in Protein C <50% normal
- Treatment:
• Stop warfarin
• Start heparin and some other anticoagulant
• Give Protein C

Consumptive coagulopathies (DIC, TTP, HUS)
A.
-

-
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Also called microangiopathic coagulopathy and thrombotic microangiopathy
For more information, see: Hematology, Bleeding disorders, diseases
Disseminated intravascular coagulation
Release of a large amount of procoagulant such as tissue factor (TF) or endothelial
damage can start the coagulation cascade. Initially a thrombotic process, the depletion
of factors and platelets leads to a hemorrhagic state.
Well described causes include sepsis, trauma and acute promyelocytic leukemia.
Presentation can be thrombotic (e.g. VTE, arterial ischemia)) or hemorrhagic.
Diagnosis:
• Thrombocytopenia, ↑PT and PTT, evidence of thrombolysis (e.g. D-dimer)
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• PBS: hemolysis (schistocytes and spherocytes)
Treatment:
• Underlying cause
• Supportive (fluids, FFP)
B. Thrombotic thrombocytopenic purpura (TTP)
- Autoimmune antibodies to ADAMTS-13 leads to a decreased level with dysregulation of
von Willebrand factor (vWF) metabolism. Large vWF multimers aggregate on
endothelial cells and activate platelets, which form thrombi.
• Unlike DIC, the thrombi in both TTP and HUS contain platelets, but no fibrin
strands.
- Presentation: variable, but fatigue, bleeding, CNS and GI symptoms are common
- Diagnosis and treatment:
• Presumptive (i.e. start plasma exchange)
• CBC: anemia and thrombocytopenia
• PBS: schistocytes and spherocytes
• Confirmed: (i.e. add immune modulation like steroids)
• Decrease ADAMTS-13
C. Hemolytic uremic syndrome (HUS)
- Shiga toxin from E. coli O157:H7 enters the circulation, causing endothelial
dysregulation with a bloody, non-inflammatory diarrhea and microangiopathic
thrombosis.
- Presentation: child <5 years old with bloody diarrhea, microangiopathic picture,
thrombocytopenia and renal failure.
- Diagnosis:
• CBC: anemia and thrombocytopenia
TTP: adult with ↓ADAMTS-13
DIC: serious underlying disease
• PBS: schistocytes and spherocytes
with ↑PT/PTT and (+) D-dimer
• Chemistry: elevated eGFR
- Treatment: supportive
-

Deep vein thrombosis (DVT) and pulmonary embolism (PE)
-

-
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DVT of the leg is the most common manifestation of venous thromboembolism (VTE)
The “deep” veins run beneath the fascial plane and run alongside the arteries (i.e.
femoral > popliteal > tibial / fibular).
• The “superficial veins” run in the subcutaneous fat (i.e. saphenous vein and its
branches)
Pathophysiology: DVT are highly associated with a hypercoagulable state and a risk
factor can be identified in over 80% of cases.
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The risk factors are often multiple and involve one of the elements of the
Virchow triangle.
• Proximal vein thromboses (i.e. popliteal vein and proximal) are the most likely
to embolize, although most emboli are asymptomatic
• Distal vein thromboses (i.e. calf) are the most likely to cause a paradoxical
embolus as they are small enough to pass through the foramen ovale
• Superficial vein thrombi are significant when they lead to varicose ulcers. They
are associated with PE, but are too small to cause symptoms on their own
Presentation: usually unilateral and symptoms are as proximal as the thrombus
• Swelling (affected calf >3 cm larger than the other)
• Pain
• Warmth
Diagnosis
• The goal is to “rule-in” the diagnosis (post-test probability > 90%) or rule-out
the diagnosis (post-test probability <2%).
• If DVT is unlikely then a D-dimer test is performed. If negative; DVT is ruledout.
• If DVT is likely, then ultrasound of the internal iliac and leg veins is performed
•

-

-

Likelihood of DVT (Modified Wells score)
-

Cancer
Immobilization
Major surgery
Tenderness of calf
Swollen leg
Swollen calf
Pitting edema
Superficial veins dilated
No other good explanation identified
Previous history of DVT

If any two findings are present, then DVT is likely.
-

Treatment: anticoagulation. Direct oral anticoagulants (DOAC) are now preferred (e.g.
rivaroxaban, dabigatran)

Pulmonary embolism (PE)
-
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PE is not a diagnosis but a complication of DVT
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It has a broad spectrum of disease. This discussion will be for acute, symptomatic PE.
• Acute, subacute and chronic
• Symptomatic and asymptomatic
• Massive (i.e. with hypotension) or small
• Solitary versus multiple
• Infarctive versus non-infarctive
This discussion will be for acute, solitary, symptomatic PE.

-

-

-

-
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Pathophysiology
• Initially, PE increases dead space, as the affected region will have normal
ventilation but no perfusion.
• Over the next hours, bronchospasm and vasospasm lead to V/Q mismatching.
• This is the major cause of hypoxia
• V/Q mismatching worsens over time as decreased surfactant
production leads to atelectasis.
• Infarction is unlikely unless there is underlying lung disease such as COPD as
the systemic bronchial blood supply maintains viability.
• Fatal outcome is not due to hypoxia, but rather shock from the decreased
cardiac output due to the obstructing embolus.
Presentation
• The commonest symptom is rapid onset of dyspnea (85% over seconds to
minutes), followed by a dull pleuritic chest pain (66%). All other symptoms are
present <40% of the time and even large emboli may be asymptomatic.
• Physical examination is usually noncontributory. The most specific finding is an
increased respiratory rate (i.e. >16 breaths/min).
Diagnosis
• As with DVT, investigation is divided into
High risk for pulmonary embolism
“unlikely – rule out” and “likely – rule in”
- Age >65 years
categories.
- HR > 100 /min
• If PE is “unlikely: D-dimer
- Evidence of DVT
• If PE is “likely”: CT angiogram
- Previous DVT or PE
Treatment:
- Hypercoagulable risk
• Hemodynamically unstable
factors
• Defined as systolic BP < 90 mmHg
• Called “massive” PE
• Revascularization with thrombolytic therapy
• Embolectomy is thrombolytics fail.
• Hemodynamically stable
• Anticoagulation (subcutaneous heparin or anti-Factor X such as
rivaroxaban)
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Fresh blood is radiopaque, and as so appears white.

After 2-3 weeks, clot becomes radiolucent
and so appears gray. This older clot is across
the pulmonary artery bifurcation, causing a
saddle embolus.

CT angiogram: Saddle pulmonary embolus
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Hematology: Procoagulant states and thromboembolic disease
Do You Know It?
1. Describe the mechanism of action these 3 anti-platelet factors:
• Prostaglandin I2
• ADPase
• NO

2. Describe the mechanism of action of these 4 anti-coagulation factor factors:
• Tissue factor pathway inhibitor
• Thrombomodulin
• Anti-thrombin
• Heparan sulfate

3. What is Virchow’s triangle?

4. For each of the following hereditary diseases, describe the pathophysiology,
presentation and treatment:
• Factor V Leiden
• Prothrombin G20210A
• Protein C deficiency
• Anti-thrombin deficiency

5. What are the diagnostic criteria for anti-phospholipid syndrome?

6. Describe the clinical picture for:
• Heparin-induced thrombocytopenia
• Warfarin-induced skin necrosis

7. How are the consumptive coagulopathies of DIC, TTP and HUS differentiated?
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8. Describe the presentation, including diagnosis, pathophysiology and treatment of a DVT.

9. Describe the presentation, including diagnosis, pathophysiology and treatment of a PE.

This lesson reviews procoagulant states and thromboembolic disease, including the
mechanisms of actions of anti-platelet and anti-coagulation factors, Virchow’s triangle, antiphospholipid syndrome, deep vein thrombosis, and pulmonary embolism. Learn the clinical
approach to hereditary and acquired diseases of thrombosis such that you can describe their
diagnosis, pathophysiology, presentation and treatment.
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