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Hematology: Bleeding disorders: Hemostasis and Testing
Clinical Pathologic Correlation
-

Platelet disorders present with bleeding into epithelium
1. Skin: petechia and purpura
2. Mucosa: gums, epistaxis, hematemesis, hematochezia, hematuria, menorrhagia

Evaluation of menorrhagia
Menorrhagia, or heavy menstrual bleeding, is difficult to quantitate. Some useful rules of
thumb include: bleeding that soaks the sheets at night, blood clots larger than an American
quarter (i.e. 2.5 cm), iron deficiency and hysterectomy at an early age.

-

1

Factor disorders present with bleeding in joints and deep soft tissue
If a patient has had a tooth pulled without difficulty, then they are unlikely to have a
significant congenital defect of coagulation
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Overview of hemostasis: pathophysiology and pharmacology
-

-

2

Hemostasis, the function of forming a clot at the site of vessel injury, is a highly coordinated
balance of restricting thrombus formation to the site of injury, while preventing thrombosis
in adjacent normal tissue. In addition, there is neurologic signaling of injury and initiation of
repair mechanisms by the inflammatory system.
Hemostasis can be thought of in phases:
• Endothelial injury to the formation of the platelet plug (i.e. the soft clot).
• Formation of a permanent clot by the factor cascade.
• Termination of thrombus formation by anti-thrombotic factors
• Dissolution of the clot by fibrinolysis.
A. Formation of the platelet plug
1. Platelet adhesion (#1 in the diagram) is mediated by surface glycoproteins,
mainly GpIb. This tightly binds to von Willebrand factor (vWF) which adheres to
the underlying collagen
i. Defects in GpIb and vWF cause Bernard-Soulier and von Willebrand
diseases.
2. Platelet activation (#2) is mediated by many soluble factors in the blood,
especially thrombin acting on platelet membrane protease-activator receptors
(PARs). On activation, dense granules release multiple compounds, including
ADP, which upregulates P2Y12, a membrane amplifier, and GpIIb-IIIa which binds
fibrinogen. Induction of cytoplasmic cyclo-oxygenase (COX) produces
thromboxane A2, which accelerates the process one-thousand fold.
i. P2Y12 is the target of clopidogrel.
ii. COX is the target of non-steroidal anti-inflammatory drugs (NSAIDs).
3. Platelet aggregation (#3) is mediated by GpIIb-IIIa, which binds to fibrinogen,
cross-linking the platelets. On the injured surface, the binding of GpIIb-IIIa to von
Willebrand factor causes the platelets to spread across the surface and contract.
i. Defects in GpIIb-IIIa causes Glanzmann thrombasthenia.
ii. GpIIb-IIIa is the target of abciximab.
4. Procoagulant activity (#4): Activation of platelets expresses phospholipids on the
membrane that allows for the formation of factor complexes IX/VIII (protenase)
and X/V (prothrombinase) that cause the explosive formation of thrombin.
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B. Clot propagation and the coagulation cascade
1. The primary event in hemostasis is tissue factor (TF) activation of Factor VII
resulting in the formation of thrombin (Factor II)
i. The traditional view of an intrinsic and extrinsic system is useful in
interpreted laboratory data (i.e. the PT and PTT), but is not applicable in
vivo.
2. The TF/VII complex produces a small amount of thrombin, called activation, that
leads to a feedback loop that produces a massive amount of thrombin
(amplification).
3. Activation
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i. Tissue factor is a membrane protein found in most surface cells. It gets
activated with injury.
ii. TF binds to circulating Factor VII and the complex activates Factor X.
TF/VII also activates Factor IX, which also activates Factor X.
1. Factor X antagonists like rivaroxaban, are called “…xabans”.
iii. It is this small amount of thrombin that will start the explosive
amplification process.
4. Amplification
i. Thrombin is central to the clotting process. There are no cases of
thrombin deficiency as they are presumably non-viable. Thrombin’s
actions include:
1. Activation of platelets. This is more significant than the activation
through surface contact. Thrombin acts on PAR (for proteaseactivation receptor- thrombin is a serine protease), a G-coupled
receptor with wide actions in the platelet, mostly mediated
through a calcium signal.
Thrombin activates:
a. Activation releases many
 Factor XI (supplements Factor
compounds from their dense
IX activation)
and alpha granules that
 Factor VIII (forming the tenase
enhance propagation.
complex)
b. Activation upregulates
 Factor V (forming the
membrane phospholipids that
prothrombinase complex)
form the substrate for the
 Converts fibrinogen to fibrin
 Factor XIII (covalent crossIX/VIII and X/V complexes
linking of fibrin)
(next)

Platelets (through the PARs,
2. Procoagulant complexes. The trace
forming the polyanions on the
amount of thrombin from the TF/VII
platelet membranes for the
complex activates
complexes)
a. Membrane phospholipids on
platelets (substrate for the procoagulant complexes)
b. Factor XI, which activates Factor IX
c. Factor VIII, which complexes with Factor IX on the platelet
membrane to rapidly produce Factor X (so-called tenase)
d. Factor V which complexes with Factor X on the platelet
membrane to rapidly produce thrombin (so-called
prothrombinase).
i. As an example of just how productive these
complexes are, it is estimated that the X/V complex
produces thrombin at a rate 300,000 times faster
that Factor X alone.
3. Dabigatran is one of the direct thrombin inhibitor drugs.
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4. Heparin increases the activity of the thrombin regulatory protein
anti-thrombin (aka AT III), one thousand fold.
5. Warfarin inhibits Vitamin K epoxide reductase which creates
reduced Vitamin K. This is necessary for γ-carboxylation of Factors
II, VII, IX and X. Without carboxylation, the factors cannot bind to
the platelet membrane phospholipids.
5. Permanent clot
i. Thrombin cleaves fibrinogen into fibrin, which self-aggregates into
polymers.
ii. Thrombin activates Factor XIII, that creates covalent bonds between the
fibrin strands.
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The Contact activation / Intrinsic pathway
-Our current understanding is that the Tissue Factor/Factor VII complex is responsible for most of the
clotting cascade. It is not clear where the contact activation/intrinsic pathway now belongs.
-When Factor XII, prekallikrein and high molecular weight kininogen (HMWK) are activated by a
negatively charged, i.e. absorbing surface, they form a complex that activates Factor XI, which in
turn activates Factor IX and the clotting cascade ensues.
- This is the basis of the activated partial thromboplastin time (aPTT), a key test in
evaluating coagulation
-The problem lies in the fact that deficiencies of Factor XII, prekallikrein and HMWK do not cause
bleeding disorders. In fact, Factor XII deficiency is associated with thrombosis. Factor XI deficiency
does have hemorrhage, but this is probably due to a defect in excessive fibrinolysis and not clotting.
-The contact activation system is important for its communication across systems:
-Production of bradykinin augments the neural pain signal one thousand fold
-Activation of the complement system brings in the inflammatory system and the
macrophages necessary for repair
- In conclusion, we think of the intrinsic system relationship to clotting when we interpret an aPTT
test but understand its in vivo function as one of signaling to other systems and its activation of
Factor XI as one of augmentation.
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C. Regulation of clotting (see: Hematology: Thromboembolic disease and
hypercoagulability)
• This is mostly mediated by endothelial cells and targets both platelet and factor
pathways
• Anti-platelet factors: prostaglandins, NO, ADPase
• Anti-factor: antithrombin III/Proteins S & C, heparin-like substances, tissue factor
pathway inhibitors and plasmin activators.
D. Fibrinolysis
• Dissolution of clots is achieved by plasmin which breaks down fibrin, fibrinogen
another coagulation factors.
o The break down products are called fibrin degradations products (FDPs). The
most commonly measured is the smallest fragment, D-dimer.
• -Plasmin has the highest activity when it is bound to fibrin during clot formation
• Plasmin is activated by endothelial cell tissue plasminogen activator (t-PA) and
inflammatory cell produced urokinase (u-PA).
o Alteplase is a recombinant tissue plasminogen activator used for fibrinolysis
• The plasminogen activators are regulated by plasminogen activator inhibitors (PAI).
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The Coagulation Cascade, with diseases, pharmacology and testing
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Overview of the presentation of bleeding disorders
-

-

-

Patient history is a surprisingly difficult tool to use in evaluating the likelihood of a bleeding
disorder. History centers on “bleeding challenge” events like dental extraction, surgery and
trauma. If these have no required intervention like transfusion, iron supplements or
surgery, then congenital disease is unlikely. Bleeding Assessment Tools with a scored panel
of questions has proven useful.
Family history is essential but note that about 1/3 of hemophilia A is due to de novo
mutation and autosomal recessive diseases do not have to involve the parents.
Platelet function defects bleed beneath epithelium (skin: petechia; mucosa: epistaxis, GI
tract, hematuria, menorrhagia) and bleed immediately after the challenge
• Epistaxis is also associated with hereditary hemorrhagic telangiectasia
• Vascular defects also bleed immediately with the challenge.
Factor defects bleed into joint and deep soft tissue and with a delay after the challenge.

Laboratory testing
-

-
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Platelet count
• A routine part of the complete blood count (CBC), each individual has its own
“setpoint” between 140,000 -400,000 /mL, depending upon their liver’s level of
thrombopoietin production. For more, see Hematology: Structure and
Regulation, Thrombopoiesis.
• Risk of bleeding occurs in severe thrombocytopenia (<50,000 /mL)
 Bleeding during surgery
<50,000 /mL
 Spontaneous hemorrhage < 10-20,000 /mL
Bleeding time (BT)
• A small cut is made in the arm with a small stabbing device and the time until the
bleeding stops is measured.
• This is no longer used in clinical practice as it is insensitive, difficult to
standardize, painful and also measures connective tissue function, which is
universally poor in the elderly.
• BT is stilled used in medical student multiple choice questions as a general
“platelet function test”
 It is prolonged in both qualitative and quantitative platelet diseases
• BT has been replaced in part by an instrument called the PFA-100 (for Platelet
Function Analyzer), but this used mostly as an adjunctive test
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Platelet aggregation studies
• Used to diagnose qualitative defects in platelets
• Agonists like collagen and epinephrine are used to activate
platelets, leading to their aggregation. Platelet-rich plasma is
turbid and the clearing of the plasma with aggregation allows
more light to pass through the tube.
• Von Willebrand disease does not aggregate when Ristocetin in
used as the activator. That is, there is no Ristocetin Induced
Platelet Aggregation (RIPA)
Prothrombin time (PT)
• The time it takes for plasma to clot after tissue factor is added
(PT and PTT are performed on blood collected in citrate, which
binds the calcium, so calcium is added as well).
• This assesses the extrinsic pathway of Factor VII and the common pathway
(Factors X, V,II and fibrinogen, I).
• Most laboratories report the PT as an INR (International Normalized Ratio) in
which the laboratory’s result is compared to the time of the PT with an
international thromboplastin created by the WHO. This allows patients on
warfarin to measure their drug effects when travelling.
• Isolated abnormal PT:

Hereditary
Acquired

Deficiency state
Factor VII
1
Vitamin K deficiency, warfarin, liver disease
2
DIC

1. Due to predominant effect on factor VII, 2. Disseminated intravascular coagulation
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Activated partial thromboplastin time (aPTT)
• The time it takes for plasma to clot after
exposure to a negatively charged substance like
silica (together with a small amount of
thromboplastin, hence “partial” and calcium)
• This assesses the intrinsic pathway of Factors
XII, XI, IX & VIII, together with the common
pathway (Factors X, V, II and fibrinogen, I)
• Isolated abnormal PTT

Deficiency state
Hereditary Factors VIII, IX & XI
Contact factors (not assoc. with bleeding)
Von Willebrand disease
1
Acquired
Heparin
2
APLA (assoc. with thrombosis)

1. Not seen in the PT as reagents have anti-heparin effects,
2. Anti-phospholipid antibodies
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Investigation of Bleeding Disorders
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Hematology: Bleeding disorders: Hemostasis and Testing
Do You Know It?
1. Draw the picture of hemostasis, showing the platelet plug, factor pathway and contact
activation pathway
a. Place the following diseases on the image:
i. Von Willebrand disease
ii. Bernard-Soulier disease
iii. Glanzmann thrombasthenia
iv. Vitamin K deficiency
v. Hemophilia A & B
vi. Liver failure
b. Place the following drugs on the image:
i. NSAIDs
ii. Clopidogrel
iii. Abciximab
iv. Warfarin
v. Heparin
vi. Direct thrombin inhibitors
vii. Factor X inhibitors
viii. tPA
c. Place the following tests on the image:
i. Bleeding time
ii. Ristocetin induced platelet aggregation (RIPA)
iii. Prothrombin time (PT)
iv. Partial thromboplastin time (PTT)
v. D-dimer
2. Describe the activation of thrombin through the initial and amplification phases

3. Why are coagulation and inflammation inseparable?

4. How can liver disease, vitamin K deficiency and warfarin all give an isolated elevation of
PT when they involve multiple factors?
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