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Hematology: Bleeding disorders: Diseases
Clinical Pathologic Correlation
-

-

-
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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.
• Menorrhagia, or heavy menstrual bleeding is also difficult to evaluate. Some
useful rules of thumb include: bleeding during the night that stains the sheets,
blood clots larger than an American quarter, menstruation lasting more than one
week, iron deficiency and hysterectomy at a young age.
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.
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Primary versus Secondary disease
Several medical conditions are associated with bleeding.
Cancer
-

-

Thrombocytopenia from treatment-associated marrow suppression: many
chemotherapeutic drugs cause the death of progenitor cells, leading to thrombocytopenia.
Immune dysregulation: lymphomas such as CLL/SLL not only produce autoimmune
antibodies to platelet surface membrane proteins like GpIIb/IIIa, but also to coagulation
factors like vWF and Factor VII.
- Chronic DIC: cancers can produce tissue factor, an embryologic “cancer procoagulant” and
mucins that cause endothelial cell dysfunction. This can manifest as a hypercoagulable
thrombotic state or hemorrhage if there is depletion of factors and platelets.
• The well described acute DIC in acute promyelocytic leukemia is due to multiple
factors that include expression of tissue factor and expression of tissue
plasminogen activator (tPA), that leads to fibrinolysis.

Liver disease
-

-

Coagulation defects in liver failure: all of the coagulation factors except Factor VIII are made
in the liver. In liver failure, there is failure of synthesis. Prothrombin time is used as a
diagnostic test because factor VII has the shortest half-life of 6 hours.
Thrombocytopenia: the most important cause if hypersplenism from portal hypertension,
but there is also a qualitative decrease in platelet function.

Kidney disease
-

Platelet dysfunction in uremia: Stage 5 renal failure is associated with platelet toxins. When
uremic platelets are mixed with normal plasma they regain normal function. Uremia is
typically seen in the US in patients who miss dialysis sessions.

Connective tissue disorders (aka rheumatologic diseases)

- Thrombocytopenia: systemic lupus erythematosus (SLE) is highly associated with cytopenias
of all the hematopoietic cells lines. Up to one-half of SLE patients develop
thrombocytopenia; about 10 % severe (i.e. <50,000 /mL). Conversely, 10% of patients with
ITP go on to develop SLE.

Platelet disorders (note: this is meant to be a review of key points and not comprehensive)
Immune thrombocytopenia (ITP, aka idiopathic immune thrombocytopenia)
-
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ITP is an autoimmune disease in which there are antibodies to platelet membrane proteins,
most commonly GpIIb/IIIa, the most common surface protein.
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The platelets are removed in the monocyte/macrophage system, especially the
liver and spleen.
• This is a Type II hypersensitivity disease as the antigen is fixed on the cell.
ITP is associated with:
• Infection, especially viruses such as Hepatitis C and HIV (molecular mimicry)
• Medications, mostly antibiotics and heparin (unknown mechanism)
• Immune dysregulation (especially SLE and CLL)
Presentation: mucocutaneous bleeding
Diagnosis:
• Definition: platelet count <100,000 /mL
• There is no positive test for ITP, so it is a diagnosis of exclusion
• CBC & PBS: it must be an isolated thrombocytopenia
• Exclusion of 2° causes:
 Immune: drugs, Hep C, HIV, lymphoma, SLE
 Non-immune: liver disease/splenomegaly, other hematologic diseases
• Bone marrow aspirate for megakaryocytes: this is no longer considered essential
in the initial work-up as it did not change the diagnosis.
Treatment:
• Active hemorrhage: platelet transfusion and steroids
• Severe thrombocytopenia (<20,000 /mL): steroids or IVIG
• Second line treatment: splenectomy, rituximab
Prognosis: wide variation, but only a mild increase in mortality compared to normal
•

-

-

-

-

Heparin-induced thrombocytopenia (HIT)
-

-

While HIT is a drug-induced 2° thrombocytopenia, it is usually considered
separately due to its rapid time course of days and the pathology of
The 4 T’s of HIT:
thrombosis not bleeding.
- Thrombocytopenia
Up to 5% of patients receiving heparin form anti-platelet factor 4/heparin
- Timing
antibodies 5-10 days after starting heparin therapy.
- Thrombosis
There is also damage to endothelial cells, with thrombosis from coagulation
- Other causes
dysfunction.
absent
Presentation: skin necrosis at the site of injection, limb necrosis (both
venous and arterial), pulmonary embolism
Diagnosis: a drop in platelet count within 5-10 days of starting heparin therapy, ± necrosis
Treatment:
• Stop heparin
• Anti-coagulate with a direct oral anticoagulant (DOAC), as warfarin may cause
worsening of thrombosis if there if Factor C/S depletion first.

Von Willebrand Disease (vWD)
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Von Willebrand factor (vWF) has 2 critical functions:
• It binds platelets to the subendothelial matrix and collagen
• It protects Factor VIII, increasing its T1/2 from 2 to 10 hours.
VWF is produced as a large multimer which is then broken down by a protease, ADAMTS13, to its functional size of dimers.
• Large multimers of vWF are stored as Weibel-Palade bodies in endothelial cells.
• Pathological release of multimeric vWF by endothelial cells is thought to be the
mechanism of hypercoagulability in mucinous adenocarcinomas.
• Defects in ADAMTS-13 is seen in hemolytic uremic syndrome (HUS).
There is a wide spectrum of severity in vWD as there are quantitative and qualitative
defects in vWF as well as defects in processing
• 75% of vWD is a quantitative defect (classified as Type 1)
 This is typically autosomal dominant
 Null defects produce no vWF and have severe disease (Type 3)
 When the level of vWF is < 10-15% of normal, there can be functional
decrease in Factor VIII, that leads to factor-pattern hemorrhage.
• Qualitative defects can affect the protein function or steps in processing of the
multimer structure to dimers.
• Presentation
 Symptoms in mild disease include easy bruising and mucocutaneous
bleeding
 VWD can present at any age, depending on when or if they are ever
suffer a bleeding challenge.
• NSAID ingestion can precipitate bleeding
• VWF levels increase with increased estrogen, so delivery after
pregnancy is not a good indicator of severity of disease.
• Diagnosis
 VWF:Antigen: measures the total amount of protein
 VWF:Activity: measures the ability of the patient’s plasma to
induce platelet aggregation. In quantitative defect, the
VWF:Ag level is equal to the level of VWF activity. In
qualitative disease, the VWF:Act is much lower than the
VWF:Ag level.
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Ristocetin-induced platelet aggregation (RIPA): platelet aggregation
studies can help confirm a diagnosis of vWD, but also other platelet

Elevated PTT levels in vWD
-VWF is protective of Factor VIII. It increases its T1/2 from 2 hours to 10-12 hours.
- If the level of vWF decreases, the level of Factor VIII also decreases. Moderate risk for bleeding starts
when FVIII level is <5% and severe risk when the FVIII level is <1%.
-the PTT does not start to increase until the level of Factor VIII is less than 25% normal.
-About 1/3 of patients will have an elevated PTT due to a decrease in the FVIII level <25%l, but no history of
factor-pattern bleeding.
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diseases. Ristocetin increases the binding of vWF to GpIb in normal
platelets, but not vWD.

Non-steroidal anti-inflammatory drugs (NSAIDs) effect
-

-

-

NSAIDs decrease platelet aggregation by inhibiting Cyclooxygenase 1 (COX 1) in
the platelets, decreasing TXA2 production
• COX-1 is found in the SER of most cells including platelets.
• COX-2 is only normally present in selected tissues such as the brain. It
is upregulated in inflammation and its selective inhibition by
glucocorticoids is part of steroid anti-inflammatory effect.
Most NSAIDs have a reversible inhibition of COX. The exception is aspirin which
has irreversible binding. This means that surgery for most NSAIDs only requires 1
day deferral, while aspiring use requires a one week deferral, as platelets
typically live 8 days.
Acetaminophen is not considered a COS inhibitor as it inhibits the COX-2 in the
CNS, but not COX-1. It is therefore good for headaches, but not platelet
inhibition.

Consumptive coagulopathies (HUS, TTP, DIC)
-

-
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Hemolytic uremic syndrome (HUS)
• A syndrome of microangiopathic hemolysis, thrombocytopenia and acute kidney
injury.
• Most commonly seen in children <5 years old following shigella toxigenic E. coli
bloody diarrhea (STEC-HUS). The most frequent bacterial strain is E. coli 0157:H7
 STEC is also known as enterohemorrhagic E. coli (EHEC) and verotoxigenic
E. coli (VTEC)
 The commonest source of the bacteria is poorly cooked food, especially
beef.
 The Shiga toxin inhibits protein synthesis in endothelial cells, leading to a
prothrombotic state.
• About one week after the diarrhea, there is multisystem pathology that includes:
 Non-immune hemolytic anemia with schistocytes
 Renal failure, often with oliguria
 Thrombocytopenia with petechiae
• Diagnosis is clinical with demonstration of Shiga toxin genes in the stool
• Treatment is supportive.
• Prognosis: resolution in 1-2 weeks with <5% mortality.
Thrombotic thrombocytopenic Purpura (TTP)
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A microangiopathic disease in which autoantibodies decrease blood ADAMTS13
protease to <10% normal. This allows the large von Willebrand factor multimers
from endothelial cell to persist and activate in small vessels. Platelets attach and
accumulate on these large complexes.
• Presentation: typically, a young female adult with non-specific symptoms that
include CNS and GI systems.
 The pentad of hemolytic anemia, thrombocytopenia, fever, renal failure
and severe neurologic symptoms is seen in end stage disease only
• Diagnosis:
 Presumptive (start plasma exchange): a combination of clinical findings
(neurologic and GI) together with CBC and PBS ( anemia and schistocytes
with thrombocytopenia).
 Confirmed: ADAMTS13 < 10% normal
• Treatment: emergency plasma exchange (>90% mortality without)
Disseminated Intravascular Coagulation (DIC)
• A syndrome with abnormal activation of coagulation and fibrinolysis causing
both thrombosis and hemorrhage after defibrination.
 End organ damage occurs from both thrombotic ischemia and
hemorrhage.
• There are numerous causes, including:
 Damage to endothelial cells by cytokines, enzymes (acute pancreatitis),
lipopolysaccharides etc.
 Release of tissue factor, e.g. trauma, meningococcemia, neutrophils
 Procoagulant substances: mucinous carcinomas, placenta, acute
promyelocytic leukemia
• Presentation, acute
 The consumption of coagulation factors leads to a hemorrhagic diathesis
and vascular collapse
• Diagnosis, acute: thrombocytopenia, elevated PT and PTT, evidence of
fibrinolysis (with (+) D-dimer
• Treatment: outcome depends on the underlying illness, with supportive care for
the secondary complications from the DIC.
Hypersplenism
• There are many causes of splenomegaly that are usually classified as
 Congestive (e.g. portal hypertension)
 Reactive (e.g. infections like malaria)
 Infiltrative (e.g. substances like amyloid, neoplasms, especially leukemias
& lymphomas)
• A large enough spleen can cause pooling of blood cells to a degree that causes a
cytopenia. This is called sequestration.
•

-

-
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The diagnosis of splenomegaly is best performed by imaging. The upper limit of
normal depends on general body size and gender.
 A good rule of thumb is a long axis in females >12 cm and in males >14
cm.

•

HIV Infection
-

Thrombocytopenia is a sentinel event in HIV infection.
There are a number of proposed mechanisms:
• Immune dysregulation leads to ITP
• HIV can infect megakaryocytes through CD4/CXCR4
• There is cytokine suppression of marrow megakaryocytes

Factor deficiencies
Hemophilia A
-

-

-

-

Hemophilia usually refers to one of the inherited deficiencies of Factor VIII or IX. These are
clinically indistinguishable.
• Factor XI deficiency is sometimes referred to as Hemophilia C
• Acquired factor VIII deficiency occurs with the formation of an autoantibody
• Factor VIII inhibitor refers to the formation of an autoantibody after treatment
with infused Factor VIII.
Inherited as an X-linked recessive, therefore a disease of males
• 1/3 of Hemophilia A is spontaneous mutation
• Heterozygous females can have mild disease
Pathophysiology:
• Factor VIII is activated by thrombin and forms the tenase
There is a monoclonal antibody
complex on the polyanionic surface of activated platelets.
(emicizumab) that binds Factors
This results in rapid activation of the Factor X/V complex
IX and X together, effectively
providing the scaffolding for the
(prothrombinase). For more, see: Hematology, Bleeding
Factor IX activation of Factor X.
disorders: Hemostasis and Testing
It is used in prevention of
• Deficiency of Factor VIII leads to a factor pattern of
bleeds in patient with inhibitors
bleeding
to Factor VIII.
Classification of disease:
Severity
Severe
Moderate
Mild
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Factor VIII activity
<1%
1-5%
5-40%

Pattern of bleeding
Spontaneous; presentation in first year
With minor injury, 4-6 bleeds/year
Delayed presentation, bleeding with
major challenge
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Presentation:
• Easy bruising, hemarthrosis, bleeding after a challenge (e.g. trauma, dental extraction &
surgery)
• Age of presentation depends on severity of disease: first year of life with severe disease
and by the third year in mild disease
Diagnosis:
• Screening:
 ↑PTT, normal PT and platelet count
 Mixing study is corrective (50:50 mixing with normal plasma rules out an
inhibitor like an anti-phospholipid antibody)
• Confirmatory:
 Factor VIII level <40%
 VWF:Ag normal (to rule out von Willebrand disease)
 Genetic testing for Factor VIII mutation
Treatment:
• Factor VIII replacement (recombinants or concentrates from plasma)
 A complex challenge in severe disease is that of prophylaxis versus on-demand
therapy. On-demand therapy prevents bleeds, but it is invasive, expensive and
has a higher incidence of inhibitor formation.
• In severe disease, Factor VII levels >1% is the goal.
Natural history
• While hemarthrosis is more common, intracranial bleeding is the more serious.
• The major complication of hemarthrosis is degenerative joint disease
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Hematology: Bleeding disorders: Diseases
Do You Know It?
1. Compare the presentation of platelet disorders versus factor disorders.

2. Describe the approach for a bleeding disorder presenting with these initial laboratory
findings:
a.
b.
c.
d.
e.

↑BT, PT normal, PTT normal
↑BT, PT normal, ↑PTT
BT normal, ↑PT, PTT normal
BT normal, PT normal, ↑PTT
BT, ↑PT, ↑PTT

3. Describe the bleeding disorders associated with:
a. Cancer
b. Liver disease
c. Kidney disease
d. SLE

4. For each of the following diseases, describe the presentation, pathophysiology,
including diagnosis and natural history, including treatment and complications for:
a. ITP
b. Heparin- induced thrombocytopenia
c. Von Willebrand disease
d. Coagulopathies:
i. HUS
ii. TTP
iii. DIC
e. Hypersplenism
f. Hemophilia A
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