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Rare Coagulopathies 
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INTRODUCTION 
 

The process of fibrin clot formation that results in resolution of bleeding is a complex but well-

regulated series of reactions involving blood vessels, platelets, procoagulant plasma proteins, 

natural inhibitors, and fibrinolytic enzymes.  Deficiencies or defects in any of these hemostatic 

components may result in bleeding.  Although not as familiar as hemophilia or von Willebrand 

disease (VWD) to most practitioners, several rare coagulopathies exist that can be problematic to 

treat and sometimes difficult to diagnose.  A nurse caring for patients with bleeding disorders 

must be familiar with some of these less common congenital bleeding diatheses, occasionally 

referred to as recessively inherited coagulation disorders.  These disorders, although rare, 

become more prevalent in consanguineous societies or in areas of the world where marriage 

between close family relatives is practiced.  This chapter provides an overview of selected rare 

coagulopathies. 

 

Because of the rarity of some of the hereditary hemorrhagic disorders, treatment with blood 

products may be required.  Please refer to MASAC guideline #215 for product descriptions and 

treatment recommendations. (1)
 

 

PROCOAGULANT PLASMA PROTEIN (FACTOR) DEFICIENCIES 
 

FACTOR I (FIBRINOGEN) DEFICIENCY 

 

Fibrinogen (factor I) is a hepatically-synthesized protein composed of three chains (α - alpha, β - 

beta, γ - gamma) that occur on two identical halves of a rather large molecule.  When the alpha 

(fibrinopeptide A) and beta (fibrinopeptide B) chains are cleaved from fibrinogen, fibrin 

monomers are formed.  The monomers then polymerize and are stabilized by factor XIII, leading 

eventually to fibrin clot formation.  Fibrinogen is required for both fibrin clot formation and 

normal platelet aggregation.  Disorders of fibrinogen may result from quantitative deficiencies of 

the protein (afibrinogenemia and hypofibrinogenemia), qualitative defects of the molecule 

(dysfibrinogenemia) or a combination of the two (hypodysfibrinogenemia). 

 

Afibrinogenemia is the complete absence of fibrinogen protein in circulation. 

 

Hypofibrinogenemia results when some protein with normal structure is present in 

circulation but is below that required for normal hemostasis (50 mg/dL). (2)  

 

Dysfibrinogenemia results from a structurally abnormal fibrinogen molecule that is 

present in normal amounts in the plasma but does not work to promote a clot.  
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Hypodysfibrinogenemia occurs when lower amounts of an abnormal fibrinogen molecule 

are present in circulation. 

 

First described in 1920, (3) afibrinogenemia is very rare, with an estimated prevalence of 1-2 

cases per million of the population. (4)  The factor I gene is located on the long arm of 

chromosome 4; several genotypes exist that can result in factor I deficiency. Fibrinogen 

deficiencies are autosomally inherited and occur in both males and females.    Afibrinogenemia 

is inherited as an autosomal recessive trait, which means that both parents must pass on the 

defective gene to their child.  Hypofibrinogenemia is essentially the heterozygous form of 

afibrinogenemia, meaning that the individual has one abnormal gene.  On the other hand, the 

qualitative defects of fibrinogen, dysfibrinogenemia and hypodysfibrinogenemia, are often 

inherited as autosomal dominant traits. 

 

Diagnosis 

 

Diagnosis of fibrinogen disorders is made by clinical history, physical exam, and laboratory 

investigations.  Because fibrinogen is a common pathway plasma protein, both the prothrombin 

time (PT) and activated partial thromboplastin time (aPTT) should be prolonged.  The thrombin 

time also is prolonged when low levels of fibrinogen are suspected.  A comparison of activity 

and antigen levels of fibrinogen will help distinguish qualitative defects from quantitative 

deficiencies.  When the functional activity level is low but the antigen level is normal, 

dysfibrinogenemia or hypodysfibrinogenemia should be considered.  If both the activity and 

antigen levels are proportionally low, a quantitative deficiency is present.  Care must be taken to 

exclude acquired deficiencies of fibrinogen that can occur in patients with liver or kidney disease 

and other disorders such as macroglobulinemia and multiple myeloma. 

 

Clinical Features 

 

Clinically, the most common bleeding presentations in fibrinogen deficiencies are umbilical cord 

stump oozing and mucosal hemorrhage. (5)
 
 Menorrhagia, post-partum hemorrhage, miscarriage, 

gastrointestinal bleeding, and muscle hematomas may also occur.  Hemarthrosis can occur in 

severe forms of fibrinogen defects, but joint destruction does not appear to be the same as that 

experienced by patients with hemophilia.  Bleeding may range from mild to severe, and in 

patients with hypofibrinogenemia, there may be no bleeding or bleeding associated only with 

trauma or surgery.
 
(6)   

 

Dysfibrinogenemia may result in little or no bleeding, mild to severe bleeding with clinical 

features as described above, thrombosis, or a combination of bleeding and clotting.  About half 

of diagnosed patients with congenital dysfibrinogenemia have no symptoms.  The remaining 

patients show about equal proportions of bleeding, clotting or a combination of the two. (7) 
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Treatment 

 

Severe or moderate bleeding in patients with quantitative deficiencies of fibrinogen 

(afibrinogenemia and hypofibrinogenemia) is treated with a plasma-derived, virally-inactivated, 

fibrinogen-rich factor concentrate.  Raising the circulating fibrinogen level to >50 mg/dL is 

required for moderate bleeding. In severe, life- or limb-threatening hemorrhage, or patients 

undergoing surgery, fibrinogen should be replaced to at least 100 mg/dL.  Since the plasma half-

life of fibrinogen is quite long, two to four days, some patients with afibrinogenemia may treat 

prophylactically with weekly infusions. (8) 
 

The current fibrinogen factor concentrate licensed in the U.S. is not approved for treatment of 

bleeding in patients with dysfibrinogenemia or hypodysfibrinogenemia.  Bleeding in these 

patients is most often treated with cryoprecipitate.  Fresh-frozen plasma (FFP) also has been used 

on occasion to treat bleeding in these patients.  Fibrinogen levels of 50-100 mg/dL usually are 

sufficient to achieve hemostasis. In patients with thrombotic concerns, thromboprophylaxis 

measures, such as use of compression stockings and low-molecular weight heparin (LMWH), 

may be necessary as well. (4)  

 

FACTOR II (PROTHROMBIN) DEFICIENCY 

 

One of the vitamin K-dependent factors, factor II is synthesized in the liver.  Prothrombin is the 

precursor to thrombin, which is necessary to aid in activation of factors I, V, VIII, XI and XIII.  

Factor II in its active form, thrombin, is necessary for fibrinogen to be converted to fibrin, 

ultimately resulting in stable clot formation.  Factor II deficiency is very rare, and complete 

absence of the protein is considered incompatible with life. (8)  Prothrombin deficiency may 

occur as a result of low levels of normal protein (hypoprothrombinemia) or when dysfunctional 

factor II molecules are present (dysprothrombinemia).  Minimum hemostatic levels of 20-30% 

are needed for adequate hemostasis; the plasma half-life of factor II is about three to four days. 

(2) 
 

The disorder was first reported by Dr. Armand Quick in 1947. (9) The incidence of prothrombin 

deficiency is estimated at 1 case per 2 million people in the general population. (4) The gene for 

prothrombin is located on chromosome 11, with several mutations described, and the disorders 

of prothrombin are inherited as autosomal recessive conditions; both parents must pass on the 

gene defect to an affected child.  As can be seen in other autosomal recessive disorders, 

prothrombin deficiency is higher in areas of the world where consanguineous marriage is 

common. 

 

Diagnosis 

 

Prothrombin deficiency generally exhibits laboratory abnormalities in the PT and aPTT, but a 

normal thrombin time.  Both prothrombin functional activity and antigenic levels should be 

drawn and compared to distinguish whether a quantitative (hypoprothrombinemia) or qualitative 
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(dysprothrombinemia) defect is present.  Other factor levels, specifically VII, IX and X, should 

be drawn to rule out the possibility of a combined factor deficiency or a deficiency in another 

common pathway protein, such as fibrinogen or factors V and X.  Other acquired conditions 

should be excluded as well that may result in lowered prothrombin levels such as vitamin K 

deficiency, presence of a lupus anticoagulant, use of vitamin K antagonist anticoagulants, or liver 

disease. 

 

Clinical Features 

 

Bleeding can be very heterogeneous for patients with prothrombin deficiency, but the most 

common manifestations appear to be easy bruising, mucocutaneous bleeding (epistaxis and oral 

mucosal bleeding), intramuscular bleeding, menorrhagia, and hemarthrosis. (10)  Generally, 

lower prothrombin levels lead to more severe and frequent bleeding symptoms. 

 

Treatment 

 

No pure prothrombin concentrates are available, so treatment to control bleeding is achieved 

using prothrombin complex concentrates (PCCs) or FFP.  The minimal hemostatic level of 

prothrombin is 20-40% of normal activity. (2)  Replacement with PCCs is complicated by the 

fact that amounts of prothrombin in the commercially available products differ not only from one 

company to another but in each lot of concentrate produced.  PCCs are labeled in factor IX units, 

so providers may need to call the manufacturer of the product to be used to ascertain the amount 

of factor II present in the lot chosen to treat a bleeding episode or to cover surgery.  PCCs 

ordered as 20-30 units per kilogram of body weight of factor IX typically are sufficient to raise 

prothrombin to hemostatic levels. (11) Care also should be taken when using either PCCs or FFP 

because transfusion reactions, allergic manifestations, volume overload, and thrombotic 

complications can occur.  Also, the concomitant use of antifibrinolytic agents with PCCs should 

be avoided given the high risk of thromboembolic complications.  Prophylaxis using a PCC in a 

patient with severe prothrombin deficiency has been reported. (12)
 

 

FACTOR V (LABILE FACTOR, PROACCELERIN) DEFICIENCY (OWREN’S DISEASE, 

PARAHEMOPHILIA)  

 

A cofactor in the conversion of prothrombin to thrombin, factor V (FV) is produced in the liver 

and is found in alpha granules of platelets.  During fibrin clot formation, activated factor V 

combines with activated factor X in the presence of calcium ions to form the “prothrombinase” 

complex that cleaves prothrombin into thrombin.  This process occurs on negatively-charged 

phospholipids located on a variety of plasma membranes: platelets, endothelial cells and 

monocytes. 

 

The factor V molecule was first postulated in 1943 (13) with the first patient reported in the 

literature by Dr. Paul Owren in 1947. (14) Prevalence of the homozygous form of factor V 

deficiency is believed to be one per million. (4)  The gene for factor V is located on chromosome 
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1; several molecular variants of the factor V gene have been reported.  Factor V deficiency is 

inherited as an autosomal recessive condition, and usually only patients with severe disease (<1-

10% of circulating factor V) present early in life and with more severe bleeding manifestations.  

The minimal hemostatic level of factor V is 15-20% of normal, and its plasma half-life is 36 

hours. (2) 

 

Diagnosis 

 

Similar to factor II deficiency, factor V deficiency is characterized by a prolonged PT and aPTT, 

with a normal thrombin time.  Specific assays for factor V activity and antigen levels are drawn 

to complete the investigation of factor V deficiency.  Because factor V has 40% sequence 

homology to factor VIII, a factor VIII assay also should be performed to rule out a combined 

deficiency of factors V and VIII that has been reported. (15) Acquired forms of factor V 

deficiency related to liver disease, some autoimmune diseases, and bovine factor V-containing 

topical hemostatic agents used during surgery also must be ruled out.  Another abnormality of 

factor V that results in thrombosis, factor V Leiden, should not be confused with factor V 

deficiency. 

 

Clinical Features 

 

Phenotypic expression of factor V deficiency can be quite variable.  Generally only patients with 

<1% factor V appear to have the most severe bleeding, such as intracranial hemorrhage or 

hemarthrosis.  The intra-articular bleeding seen in factor V deficiency is rare and does not occur 

to the same extent as one would see in severe hemophilia patients.  Other common sites of 

bleeding in factor V deficiency include epistaxis, easy bruising, oral mucosal bleeding, 

menorrhagia, and bleeding resulting from trauma or surgery.  Patients with factor V levels of 

>20% typically have no bleeding symptoms. 

 

Treatment 

 

At present, hemorrhage associated with factor V deficiency must be treated with a blood 

component such as FFP, as no commercially available factor V concentrate exists.  Fluid 

overload may be of concern due to the large volume of plasma needed to control bleeding.  In 

some circumstances, such as in life- and limb-threatening bleeding, or prior to surgery in severe 

patients (<1% factor V), plasma exchange has been used to achieve greater concentrations of 

factor V.  Because factor V is found in alpha granules of platelets, occasionally platelet 

transfusions have been given with some benefit to control bleeding.  Use of platelet transfusions, 

however, should be minimized to limit donor exposure and avoid alloantibody formation. 

 

FACTOR VII (STABLE FACTOR, PROCONVERTIN) DEFICIENCY (ALEXANDER’S DISEASE) 

 

Another of the vitamin K-dependent proteins produced in the liver, factor VII (FVII) is part of 

the clotting cascade’s extrinsic pathway.  Simply put, activated factor VII (FVIIa) complexes 
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with tissue factor (TF) that is exposed during blood vessel injury to initiate blood clotting.  This 

complex helps convert factor X to its activated form, similar to the conversion of factor X to 

activated FX by the intrinsic proteins factors FIXa and FVIIIa, sometimes referred to as “tenase” 

complexes.  As in most rare disorders, structural defects or deficiencies in the level of circulating 

factor VII protein may lead to bleeding. 

 

Alexander and colleagues were the first to describe in the literature a patient with factor VII 

deficiency they referred to as having “congenital serum prothrombin conversion accelerator 

deficiency.” (16)  The prevalence of factor VII deficiency, considered the most common of the 

rare bleeding disorders, is about 1 per 300,000-500,000 in the population. (4)  The FVII gene is 

located on chromosome 13 and is inherited as an autosomal recessive trait.  Several genetic 

mutations have been identified that result in factor VII deficiency, missense mutations being the 

most common (almost 80%). (17)  Clinical manifestations of factor VII deficiency can be quite 

variable; patients with low levels of circulating proteins may exhibit no bleeding.  On the other 

hand, patients with levels <1% can have symptoms that mimic classic hemophilia – 

intramuscular, intra-articular and central nervous system bleeding. (17)  Also of interest, 

thrombosis has been reported in patients with congenital factor VII deficiency. (18)  The plasma 

half-life of factor VII is four to six hours, with a minimal hemostatic level thought to be 15-20%. 

(2) 

 

Diagnosis 

 

An isolated prolonged PT is the hallmark laboratory result associated with factor VII deficiency.  

The aPTT and thrombin time are normal.  Low factor VII activity and antigen levels will help 

confirm a factor VII deficiency diagnosis.  Acquired factor VII deficiency can be seen in patients 

with liver disease and vitamin K deficiency and in those taking oral anticoagulants, so care 

should be taken to obtain a careful history when diagnosing this defect. 

 

Clinical Features 

 

As mentioned earlier, clinical symptoms can be highly variable in factor VII-deficient patients.  

Hemarthrosis, intracranial hemorrhage (sometimes fatal), gastrointestinal bleeding, and muscle 

hematomas have been reported in patients with severe (<1%) factor VII deficiency.  More 

commonly, patients will present with epistaxis, easy bruising, gum bleeding, menorrhagia, post-

operative bleeding, and/or hematuria.  Variability between genotype and phenotype is common 

in rare disorders, and factor VII deficiency is no exception.  As was noted earlier, a few patients 

with inherited factor VII deficiency have presented with thrombosis. 

 

Treatment 

 

Treatment for patients with factor VII deficiency involves the use of a recombinant, activated 

factor VII (rFVIIa) concentrate.  Although patients may be treated with FFP or other products 

containing factor VII (PCCs, activated prothrombin complex concentrates (aPCCs), or in Europe, 
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a plasma-derived factor VII concentrate), rFVIIa is the most widely used product in the United 

States and is considered optimal therapy for patients with factor VII deficiency. (19)  Lower 

levels of factor VII are needed to achieve adequate hemostasis than to treat FVIII or FIX 

inhibitors, so rFVIIa can be dosed correspondingly.  Generally, doses of 15-30 micrograms per 

kilogram given less frequently (every four to six hours) are sufficient to control bleeding 

compared to 90-120 micrograms per kilogram every two to three hours in hemophilic patients 

with inhibitors. (19)  Prophylaxis using rFVIIa in some severe factor VII-deficient patients has 

been reported as well. (20)
 

 

FACTOR X (STUART-PROWER FACTOR) DEFICIENCY 

 

Along with factors II, VII and IX, factor X (FX) is a vitamin K-dependent plasma protein.  The 

activated form of factor X, along with activated factor V, calcium ions, and a negatively-charged 

phospholipid membrane, forms the “prothrombinase” complex that cleaves factor II 

(prothrombin) to form thrombin.  Hepatic synthesis of factor X results in a two-chain molecule 

that itself can be cleaved into activated factor X by both the extrinsic (FVII/TF complex) and 

intrinsic pathways (FIXa/FVIIIa).  True homozygous deficiency of the protein is thought to be 

incompatible with life. (21) 

 

In the 1950s, two patients, surnames Stuart and Prower, were identified with a novel bleeding 

disorder that would eventually be called factor X deficiency. (22, 23)  Located on chromosome 

13, like the factor VII gene, factor X genetic defects are usually missense mutations. (2)  

Inheritance is autosomal recessive, so females and males equally are affected.  The incidence of 

severe factor X deficiency appears to be about one per million. (4)  Severity of bleeding in 

patients with factor X deficiency is often correlated with circulating factor X levels: the lower 

the plasma level, the more severe the bleeding.  The plasma half-life of factor X is about 40-60 

hours, with a minimal hemostatic level of about 15-20%. (2) 

 

Diagnosis 

 

Factor X is a part of the common coagulation pathway, so laboratory studies revealing deficiency 

of the protein will exhibit prolongation of both the PT and aPTT.  The thrombin time will be 

normal.  Because other factor deficiencies can show prolonged PT and aPTT, a factor X assay 

will help confirm the diagnosis.  A factor X antigen level may help distinguish a quantitative 

deficiency from a qualitative defect.  Liver disease and vitamin K deficiency can result in factor 

X deficiency.  Other conditions that may lower factor X levels include amyloidosis, respiratory 

infections, acute myeloid leukemia, and other malignancies.   

 

Clinical Features 

 

Patients with factor X deficiency can present in a number of ways, umbilical cord stump 

bleeding often being one of the first signs.  Other types of clinical bleeding reported in factor X-

deficient patients include epistaxis, menorrhagia, post-partum hemorrhage, and surgical 
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bleeding. In patients with severe (<1%) deficiency, hemarthrosis, intracranial hemorrhage, and 

intramuscular bleeding can be seen.  Mild patients (those with factor X levels of about 10%) may 

manifest easy bruising, soft tissue bleeds, menorrhagia, and bleeding with trauma or surgery. 

 

Treatment 

 

No purified factor X concentrate is available in the United States for patients with factor X 

deficiency, although one is currently in clinical trials.  When bleeding warrants factor 

replacement, either a PCC or FFP is used.  PCCs are heat-treated products that contain the 

vitamin K-dependent factors II, VII, IX and X in varying amounts.  Viral transmission is greatly 

reduced with the use of these products compared to use of blood components.  Dosing with 

PCCs is often 20-30 units per kilogram of body weight daily, which is generally sufficient to 

control bleeding.  Note that these PCC products are dosed by Factor IX units; the quantity of 

Factor X varies from manufacturer and from lot to lot. For surgery or severe, life- or limb-

threatening bleeding, the manufacturer can give the actual units of Factor X in a particular lot to 

be used. Given the long half-life of factor X, prophylaxis with PCCs has been successful in some 

severe factor X-deficient patients using once or twice weekly infusions to prevent bleeding. (4)    

Due to the long half-life of factor X, FFP can be initiated as a bolus dose of 20 milliliters per 

kilogram of body weight followed by repeat bolus doses of 3-6 milliliters per kilogram every 12 

hours. (4)   

 

FACTOR XI DEFICIENCY (HEMOPHILIA C, PLASMA THROMBOPLASTIN ANTECEDENT (PTA) 

DEFICIENCY, ROSENTHAL SYNDROME)  

 

Once considered part of the contact pathway in coagulation, factor XI (FXI) is a plasma protein 

synthesized in the liver that is converted to its active form by thrombin and activated factor XII.  

When this occurs, engagement of the intrinsic coagulation pathway begins, and factor IX is 

cleaved by activated factor XI to form activated factor IX, eventually resulting in fibrin clot 

formation.  Although patients may have extremely low levels of factor XI, the phenotypic 

expression in patients is highly variable.  Bleeding in patients with <1% of circulating factor XI 

is dissimilar to that of patients with severe factor VIII or FIX deficiency; spontaneous bleeding 

and hemarthroses are rare in severe factor XI deficiency, and in some cases no bleeding may 

occur.  Generally, when plasma factor XI levels fall below 20% of normal, patients are more 

likely to be homozygotes or compound heterozygotes that may experience bleeding 

manifestations. (7)  

 

Rosenthal and colleagues first described factor XI deficiency in the literature in 1953 in patients 

who experienced severe bleeding after dental extractions. (24)  Factor XI gene mutations occur 

on the long arm of chromosome 4, just like fibrinogen.  The disorder is inherited in an autosomal 

recessive fashion, so males and females are equally affected.  There are three rather well-known 

mutations in factor XI-deficient patients: types I, II and III.  Type I mutations are splice junction 

defects, type II is a nonsense mutation found mainly in Ashkenazi and Iraqi Jews, and type III, 

another genetic defect frequently seen in Ashkenazi Jews, is a missense mutation. (4)  Although 



 

 

© National Hemophilia Foundation 2013 

Nursing Working Group – Nurses’ Guide to Bleeding Disorders Page 9 of 25 

factor XI deficiency has been described in all racial groups, it appears more frequently in 

Ashkenazi and Iraqi Jews and may be as prevalent as 4-8% of those populations. (25)  In the 

non-Jewish population, the incidence appears to be about one in a million. (4)  Hemostasis is 

achieved with factor XI levels of 15-20%; the plasma half-life of the protein is about 40-70 

hours. (2)   

 

Diagnosis 

 

An isolated prolonged aPTT, when factors VIII and IX deficiency have been ruled out, points to 

factor XI deficiency.  Both the thrombin time and the PT will be normal.  A specific factor XI 

assay should be performed to confirm the diagnosis.  Combined coagulation protein deficiencies 

must be ruled out when testing for factor XI deficiency.  Factor XI deficiency also has been 

reported in patients with Noonan Syndrome and Gaucher Disease, which necessitates ruling 

these conditions out before diagnosis of a heritable deficiency is made. (26) 

 

Clinical Features 

 

Many patients with factor XI deficiency have little or no bleeding manifestations; however, those 

who present with bleeding complications often do so in the setting of surgery or trauma.  

Bleeding appears to be mucocutaneous in nature and is associated with areas of continual 

fibrinolytic activity (nose, mouth, and genitourinary tract).  Post-partum hemorrhage and 

menorrhagia may occur in female patients.  One of the best predictors of bleeding in factor XI-

deficient patients is personal or family history of problematic bleeding. (4) 

 

Treatment 

 

The absence of a licensed, commercially available factor concentrate in the United States for 

patients with factor XI deficiency requires treatment with FFP.  FFP is typically begun as a bolus 

dose of 15-20 milliliters per kilogram of body weight, with subsequent doses given on alternate 

days or else 3-6 milliliters per kilogram every 12 hours to maintain factor XI levels above 15-

20%. (2, 4) Fluid volume concerns exist with this approach, so some patients may benefit from 

plasma exchange therapy.  Some patients undergoing surgery have been given rFVIIa outside of 

its licensed indication. (4) 

 

FACTOR XII (HAGEMAN FACTOR) DEFICIENCY 

 

Produced in the liver, Factor XII (FXII) is part of the contact pathway, which is not fully 

understood physiologically.  The role of factor XII appears to be as a serine protease (cleaving 

enzyme) that, when activated (FXIIa), assists with the activation of factor XI to FXIa as well as 

the conversion of prekallikrein to kallikrein.  Patients with low levels of factor XII do not appear 

to have a propensity for bleeding even when challenged surgically.  Paradoxically, they may 

exhibit thromboembolic tendencies, but a true association between factor XII deficiency and 

thrombosis has not been proven. (27) 
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First described in the literature in 1954, (28) factor XII deficiency is often discovered during 

routine pre-operative evaluation when the aPTT is markedly prolonged (>100 seconds), as was 

the case with the proband patient, Mr. John Hageman. (29)  The gene for factor XII is located on 

the tip of the long arm of chromosome 5. Several gene defects have been reported, and the 

disorder usually is inherited as an autosomal recessive trait. Normal factor XII levels appear to 

be lower in Asians than in other ethnic groups. (30) The true incidence of factor XII deficiency is 

not well-known, however, in a study looking at 300 normal blood donors, heterozygous factor 

XII deficiency was found in 2% of the subjects. (31)  The plasma half-life of factor XII is about 

is about 50-70 hours. (32)
 

 

Diagnosis 

 

Suspicion of factor XII deficiency should be high in patients with screening labs revealing an 

extremely prolonged aPTT (usually >100 seconds), with normal PT and thrombin time and no 

history of clinical bleeding.  Although this scenario can be seen in patients with other contact 

factor deficiencies (prekallikrein, high-molecular weight kininogen), a specific assay for factor 

XII will help confirm the diagnosis.  Other acquired conditions (liver disease, nephrotic 

syndrome) may result in low factor XII levels and need to be considered prior to making a 

diagnosis of an inherited deficiency. 

 

Clinical Features 

 

Patients with factor XII deficiency, even those with <1% circulating protein levels, appear to 

have no clinical bleeding manifestations. 

 

Treatment 

 

No treatment is required for factor XII-deficient patients.  Remember, controversy exists about 

whether these patients are predisposed to thrombosis. (27) 

 

FACTOR XIII (FIBRIN STABILIZING FACTOR) DEFICIENCY 

 

Plasma factor XIII (FXIII) circulates as a tetramer composed of two subunits, A and B, each 

having two chains.  In the presence of thrombin and calcium ions, factor XIII becomes activated 

factor XIII (FXIIIa), which helps to stabilize the cross-linkage of fibrin polymers to form an 

insoluble fibrin clot. (33)  B subunits are manufactured in the liver, while A subunits appear to 

be synthesized in megakaryocytes and monocytes. (33) Typically, only patients with FXIII levels 

<1% present with clinical bleeding. 

 

The existence of a “fibrin-stabilizing factor” was first postulated in 1944 (34) and confirmed in 

1948, (35) and the first reported case in the literature was described in 1960 by Duckert and 

colleagues. (36)  Two chromosomes are involved in the genetic inheritance of factor XIII: the 
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short arm of chromosome 6 contains the gene for the A subunit, and chromosome 1 contains the 

B subunit gene.  Several molecular defects have been identified that result in factor XIII 

deficiency; these can be classified into two types, type 1 occurring in the B subunit gene, and 

type 2 in the A subunit gene. (33)  Most patients with FXIII deficiency have gene mutations 

affecting the A subunit.  The incidence of factor XIII deficiency has been estimated at one in 

3,000,000-5,000,000 people, making it one of the rarest congenital hypocoagulopathies. (37)  

Only about 2-5% of factor XIII is needed for adequate hemostasis, and the plasma half-life is 

about 11-14 days. (2) 

 

Diagnosis 

 

Whenever patients present with screening labs that are normal for all tests – PT, aPTT, thrombin 

time – and with delayed bleeding from the umbilical cord stump or post-circumcision, poor 

wound healing or intracranial hemorrhage, factor XIII deficiency should be considered.  A clot 

solubility test that looks at dissolution of a clot placed in either 5 M (molar) urea or 1% 

monochloroacetic acid over 24 hours may be the first test to aid diagnosis.  If the clot dissolves 

within those 24 hours, the patient plasma is considered absent of factor XIII.  Factor XIII-

specific assays for activity and antigen can be performed as well.  Several conditions have been 

associated with acquired FXIII deficiency, including patients with inflammatory bowel disease, 

leukemia, medication use, liver disease, and systemic lupus erythematosus, to name a few. (32, 

33)
 

 

Clinical Features 

 

Umbilical cord stump bleeding is common in factor XIII deficiency, reported in almost 80% of 

cases. (4)  Other reported forms of bleeding in FXIII deficiency involve oral mucosal bleeds, 

ecchymoses, post-operative hemorrhage that can be immediate or delayed, recurrent miscarriages 

in women, and oligospermia and infertility in men. (32, 33)  Of most concern is the patient that 

presents with spontaneous intracranial hemorrhage, which has been reported to have an 

incidence of up to 30% and is the leading cause of mortality in this patient population. (38)
 

 

Treatment 

 

Currently only one licensed factor XIII concentrate is available in the United States.  It is a 

virally-inactivated, plasma-derived, single-protein concentrate that is licensed for prophylactic 

treatment at 40 units per kilogram of body weight every 28 days to keep circulating FXIII trough 

levels between 5-20%. (39)  The product contains both A and B subunits.  Cryoprecipitate and 

FFP have been used for treatment of factor XIII deficiency as well but should only be used for 

emergencies when the licensed concentrate is not available.  Cryoprecipitate usually is dosed 

with one bag per 10-20 kilograms of body weight every 3-4 weeks.  FFP is often administered as 

10 milliliters per kilogram of body weight every 4-6 weeks given the long plasma half-life of 

factor XIII.  Of note, a recombinant factor XIII concentrate that contains only the A subunit has 
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been submitted for approval to the United States Food and Drug Administration.  Licensure has 

not been granted at the time of this writing. 

 

COMBINED FACTOR DEFICIENCIES 

 

Several combined factor deficiencies exist, the most common being combined factors V and VIII 

deficiency and combined factors II, VII, IX and X deficiency (the vitamin K-dependent proteins, 

which also include proteins C and S).  Bleeding is often noted after trauma or surgery and may 

be severe in some cases, especially in the combined vitamin K-dependent protein-deficient 

patients where umbilical cord stump bleeding and intracranial hemorrhage have been reported. 

(4)  Diagnosis involves performing screening tests for PT, aPTT and thrombin time.  In both 

combined scenarios the PT and aPTT will be prolonged, but the thrombin time should be normal.  

Treatment for bleeds must take into account the severity and location of the bleed and the 

baseline protein levels in the combined deficiency.  Recombinant factor VIII concentrates and 

FFP are often administered to patients with combined FV and FVIII deficiency to arrest severe 

bleeding.  Patients with deficiencies in the vitamin K-dependent proteins receive oral vitamin K 

therapy often at diagnosis. For severe bleeding episodes they may require PCCs or FFP.  Caution 

should be taken with PCCs due to thromboembolic risk. (4, 32)
 

 

FIBRINOLYSIS INHIBITOR PROTEIN (FACTOR) DEFICIENCIES 

 

Fibrinolysis is the body’s natural response to clot formation and allows for enzymatic 

degradation of fibrin clots after injured blood vessels have been repaired.  This process occurs 

mainly by the conversion of plasminogen to plasmin, which is responsible for clot lysis.  

Whenever plasmin production continues unregulated due to deficiencies of natural inhibitors, 

increased fibrinolysis may occur, leading to excessive bleeding.  Two of these naturally 

occurring inhibitors of fibrinolysis will be discussed: α2-antiplasmin (α2-AP) and plasminogen 

activator inhibitor type 1 (PAI-1).  When plasmin formation is hampered, a tendency for 

thrombosis exists, since fibrin clots are not properly degraded.   

 

α2-ANTIPLASMIN (α2-PLASMIN INHIBITOR) DEFICIENCY 

 

α2-Antiplasmin (α2-AP) is a direct inhibitor of plasmin formation.  α2-AP complexes directly 

with plasmin to help regulate fibrinolysis and increase the resistance of fibrin to enzymatic 

breakdown by plasmin by forming cross-linkages with FXIII, making the fibrin clot less 

susceptible to proteolysis.  A third mechanism of action has been found whereby α2-AP inhibits 

adsorption of plasminogen to fibrin on the surface of the formed clot, which is where fibrinolysis 

occurs. (40)  Patients with α2-AP levels that are undetectable (homozygous inheritance) have 

more pronounced bleeding than heterozygous patients.  Bleeding is often delayed in patients with 

α2-AP deficiency, similar to that seen in FXIII deficiency. The protein has a circulating half-life 

of about three days. (32) 
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The first case of congenital α2-AP deficiency was described in 1969. (40)  Located on 

chromosome 17, the gene for α2-AP has revealed several molecular defects resulting in α2-AP 

deficiency.  The disorder is inherited as an autosomal recessive trait, so males and females alike 

are affected.  The incidence of α2-AP deficiency has not been determined.  

 

Diagnosis 

 

Screening lab tests used for detection of procoagulant plasma protein deficiencies, namely the 

PT, aPTT and thrombin time, are all normal.  The euglobulin lysis time, which helps measure 

fibrinolysis, will be shortened, as a fibrin clot will dissolve more rapidly since plasmin 

production is not inhibited in patients with α2-AP deficiency.  Specific assays (activity and 

antigen) for α2-AP may be run, and as is the case with most plasma protein defects, levels can be 

correspondingly low for both tests (quantitative deficiency), or the activity may be low with a 

normal antigen level (qualitative defect).  Liver failure and amyloidosis may also result in low 

levels of α2-AP. 

 

Clinical Features 

 

Patients with severe forms of α2-AP deficiency (homozygous individuals) may have bleeding 

similar to that seen in other severe bleeding disorders, with umbilical cord stump bleeding, 

hemarthrosis, and bleeding in areas of enhanced fibrinolytic activity such as the mouth and nose.  

Women may have menorrhagia.  Heterozygous patients generally have milder phenotypes and 

may have no bleeding symptoms.  Surgeries, including dental procedures, and trauma may 

exacerbate bleeding in milder patients. Symptoms often increase with advancing age, as plasma 

levels tend to fall in older individuals. (40) 

 

Treatment 

 

Antifibrinolytic therapy is the treatment of choice for patients having enhanced fibrinolytic 

defects such as α2-AP and PAI-1 deficiencies.  ε-Aminocaproic acid and tranexamic acid have 

been used successfully in these disorders.  The ε-aminocaproic acid dose is 100 milligrams per 

kilogram every six hours administered either orally or intravenously. Tranexamic acid is dosed 

intravenously at 10 milligrams per kilogram of body weight every 6-8 hours. (32, 40) The oral 

form has been approved in the US only for treatment of menorrhagia. 

 

PLASMINOGEN ACTIVATOR INHIBITOR-1 DEFICIENCY 

 

Similar to α2-AP, plasminogen activator inhibitor-1 (PAI-1) is a protein necessary to help 

regulate fibrinolysis. (41)  Unlike α2-AP, PAI-1 does not inhibit plasmin formation directly but 

works instead on two plasminogen activators: tissue-plasminogen activator (t-PA) and urokinase-

type plasminogen activator (u-PA).  Both of these proteins enhance the conversion of 

plasminogen to plasmin so that fibrinolysis can occur.  PAI-1 inhibits the catalytic function of t-

PA and u-PA, giving rise to a well-regulated “checks and balances” system within the 
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fibrinolytic pathway of coagulation.  Generally, only patients with complete absence of PAI-1 

have clinical bleeding that is usually delayed and is often the result of trauma or surgery. PAI-1 

levels as low as 3% are sufficient for adequate hemostasis to occur. PAI-1 has a short plasma 

half-life of about ten minutes. 

 

Schleef and colleagues in 1989 published the first account of an individual with PAI-1 deficiency 

and a history of clinical bleeding. (41) The gene for PAI-1 is located on chromosome 7, and the 

first patient with a homozygous genetic defect for PAI-1 deficiency was reported in 1992. (42) 

No true incidence rate has been determined.  Communities displaying consanguinity due to close 

relative marriages show greater numbers of patients with PAI-1 deficiency, as is the case in 

Indiana, where a large kindred of Amish patients have been identified with the disorder, nine 

persons having homozygous deficiency and over 100 individuals heterozygous for the mutation. 

(43)   

 

Diagnosis 

 

Screening coagulation tests will be normal in patients with PAI-1 deficiency, and specific assays 

must be done to determine PAI-1 activity and antigen.  Both activity and antigen levels must be 

essentially undetectable to diagnose homozygous PAI-1 deficiency.   

 

Clinical Features 

 

Delayed bleeding after surgery or trauma appears to be the hallmark of enhanced fibrinolytic 

disorders such as α2-AP and PAI-1 deficiencies.  Patients have been reported with trauma-

induced intracranial hemorrhage, menorrhagia, and even hemarthrosis. (43)  Easy bruising, 

epistaxis, and oral bleeding after dental work also have been reported. 

 

Treatment 

 

As in α2-AP deficiency, antifibrinolytics are the treatment of choice for PAI-1 deficiency. ε-

Aminocaproic acid and tranexamic acid have been used successfully in these disorders.  The ε-

aminocaproic acid dose is 100 milligrams per kilogram every six hours administered either orally 

or intravenously. The tranexamic acid dose is 7.5-10 milligrams per kilogram of body weight 

intravenously every 6-8 hours. (32, 40) The oral form has been approved in the US only for 

treatment of menorrhagia. 

 

INHERITED PLATELET DISORDERS 

 

Platelets play a major role in fibrin clot formation and as an initial responder to vascular damage.  

Mature platelets are usually small, disc-shaped cell fragments with a circulating lifespan of about 

7-10 days.  Whenever blood vessel injury occurs, platelets, with the assistance of von Willebrand 

factor (VWF), respond by lining the exposed subendothelium.  Formation of a platelet plug 

occurs, while at the same time recruitment of other platelets and plasma proteins to the site of 
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injury ensues, resulting ultimately in development of an insoluble fibrin clot.  Three distinct 

phases occur during this process: initiation, extension and cohesion.  Inherited platelet defects 

have been identified in each of these phases.  Although each inherited platelet disorder is unique 

in some way, similarities in approach to diagnosis, clinical features and treatment do exist.  

Given the numerous types of known inherited platelet function defects, only those most 

frequently encountered in the hematology setting will be discussed in this chapter. 

 

Diagnosis 

 

As with all diagnostic evaluations, a good history and physical exam must precede laboratory 

investigations.  Once the history and physical have been completed, most platelet disorders are 

evaluated using several lab tests.  Although previously employed as a standard screening tool for 

diagnosing platelet disorders, the bleeding time is rarely used anymore due to concerns related to 

the imprecise nature of the test.  Individual bleeding times can vary in the same patient even 

when the same lab technician performs the test. 

 

The complete blood count and differential and examination of a blood smear should be 

performed, as unique characteristics of some platelet defects may be visualized under the 

microscope.  Platelet functional analyzer, designed to simulate primary hemostasis, has been 

shown to assist in diagnosing more severe forms of platelet defects, (44) however, a low 

sensitivity in detecting milder platelet disorders using the device has been reported. (45)  Platelet 

aggregation and secretion studies have become very helpful in diagnosing platelet disorders.  

Using a light transmission approach, platelet-rich plasma is subjected to a number of exogenous 

platelet agonists to assess the ability of the patient’s platelets to aggregate and secrete their own 

contents compared to known controls.  Care must be taken to obviate improper results that may 

arise from anti-platelet medication use prior to sampling, diet-induced lipemia that may affect 

light transference, and mechanical testing concerns such as the size, shape, rate and type of stir 

bar used.  Also of benefit has been the use of electron microscopy, which can evaluate platelet 

ultrastructure, cytoskeletal abnormalities, and platelet organelle (α- and δ-granule) absences or 

deficiencies.  

 

Clinical Features 

 

Mucocutaneous bleeding is the most frequent presentation in patients with inherited platelet 

function defects.  Easy bruising, epistaxis, gum and oral bleeding, and petechiae may be seen in 

young children.  In women, menorrhagia and post-partum hemorrhage can be problematic.  

Hematologic challenges such as trauma, surgery, and dental procedures may result in excessive 

bleeding in these patients.  Phenotypic severity is often correlated with the severity of the 

inherited platelet disorder. Patients may develop iron-deficiency anemia due to repeated bleeding 

episodes. 

 

Treatment 
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Hemorrhagic episodes in patients with heritable platelet defects are often treated based on the 

severity of the bleed, bleed location, and response to previous therapy.  As with other congenital 

bleeding disorders, the goal of therapy is to minimize exposure to fresh blood components that 

have not been virally attenuated.  Because there are no “man-made” platelet products available, 

patients with inherited platelet disorders may require platelet transfusions at some point in their 

life.  Because of concerns with viral transmission, exogenous transfusion reactions, fluid volume 

overload, and allo-antibody formation, many clinicians prefer to use platelet transfusions as a last 

resort or for life- and limb-threatening bleeding.   

 

For minor mucosal bleeding, such as epistaxis and mouth bleeds, antifibrinolytics can be used.  

In women with menorrhagia, hormonal suppression may be considered, both given orally and 

used as an intrauterine device (IUD), specifically a levonorgestrel-releasing IUD. Oral ε-

aminocaproic acid and transexemic acid may also be helpful. Iron replacement may be 

necessary, because iron-deficiency anemia may be common in women with heavy menses 

associated with platelet function defects.  

 

Other treatment modalities that have been used include DDAVP and rFVIIa, as an off-label 

therapy.  Success of these therapies varies.  DDAVP has been shown to shorten bleeding times in 

patients with platelet defects; since it is not blood-derived, its use eliminates viral transmission 

concerns and may forestall alloantibody formation. (46, 47) One concern with the use of 

DDAVP is dilutional hyponatremia associated with free-water retention, so fluid restriction for 

about 24 hours should be adhered to whenever using this medication. Use of DDAVP in children 

under 2 years of age should be avoided. (48)  Several reports on the use of rFVIIa in patients 

with platelet disorders have been published, and licensure for its use in Glanzmann’s 

thrombasthenia has been granted in Europe but not in the US. (49-51) 

 

When needed to treat bleeding, platelet transfusions optimally should be single-donor, leukocyte-

reduced or depleted, and HLA-matched.  Apheresis units should be considered whenever 

possible to reduce multiple donor exposure. (52)  In patients with severe forms of platelet 

function defects, hematopoietic stem cell transplantation (HSCT) has been reported to cure the 

disorder. (53) 

 

Although platelet disorders have some characteristics in common, it is essential for the nurse 

caring for these patients to know the differences as well.  Specific inherited platelet function 

defects will now be discussed and individual nuances highlighted. 

 

PLATELET INITIATION (ADHESION) DEFECTS 
 

BERNARD-SOULIER SYNDROME 

 

Bernard-Soulier Syndrome (BSS) was first described by Doctors Jean Bernard and Jean-Pierre 

Soulier in 1948. (54) It is an autosomal recessive platelet function defect marked by 

macrothrombocytopenia (giant platelets in less than normal amounts) and mild to moderate 



 

 

© National Hemophilia Foundation 2013 

Nursing Working Group – Nurses’ Guide to Bleeding Disorders Page 17 of 25 

mucocutaneous bleeding.  BSS is a platelet initiation, or adhesion, defect resulting from the 

absence of the membrane glycoprotein GP-Ib/IX/V receptor on platelets that allows for coupling 

with VWF and subsequent binding at sites of vascular damage.  Besides macrothrombocytopenia 

seen under the microscope, BSS can be determined by platelet aggregation studies; BSS platelets 

show no response to ristocetin, an agonist that potentiates aggregation by stimulating VWF and 

platelet agglutination via the GP-Ib/IX/V receptor.  Response to other agonists is normal. 

 

PLATELET-TYPE VWD (PSEUDO-VWD OR PLT-VWD) 

 

Defects in another platelet receptor, glycoprotein GP-Ibα (part of the GP-Ib/IX/V complex), have 

been identified that cause an increased affinity for VWF, leading to enhanced binding of VWF to 

platelets, which results in thrombocytopenia and decreased levels of circulating VWF multimers, 

much like VWD type 2B.  This is in part attributed to the increased clearance of the 

VWF/platelet complex from circulation.  Elevated mean platelet volume, or 

macrothrombocytopenia, also has been described in these patients and may be a distinguishing 

feature of this disorder as well. (55) 

 

Differentiation of platelet-type VWD from VWD 2B can be achieved via low-dose ristocetin-

induced platelet aggregation (RIPA) testing.  Because the receptor defect is on the platelet 

surface rather than the VWF surface (as is the case for VWD 2B), platelet-type VWD blood 

samples will aggregate when challenged by low-dose ristocetin only when the patient’s platelets 

are used during testing.  Use of normal platelets during testing will show no increased affinity for 

VWF with low-dose ristocetin.  Bleeding associated with platelet-type VWD is often mild to 

moderate in presentation.  Of note, just as with VWD 2B, patients with platelet-type VWD 

should not be given DDAVP (which stimulates VWF release from endothelial cells) as a 

treatment modality due to the hyperaffinity between platelets and VWF, which may cause further 

thrombocytopenia. 

 

PLATELET EXTENSION (SECRETION/ACTIVATION) DEFECTS 
 

ALPHA (α)-GRANULE DEFICIENCY OR GRAY PLATELET SYNDROME  

 

When visualized under the microscope, gray platelet syndrome (GPS) patients’ platelets appear 

to have a grayish hue, hence the name of the disorder.  It appears that α-granules are severely 

diminished or completely absent or else the contents of this platelet organelle are missing.  

Electron microscopy reveals either near absence of α-granules or their presence but an inability 

of their contents to be stained, most likely the result of packaging failure. (56)  

Macrothrombocytopenia is a hallmark of this disorder, and mucosal-type bleeding is usually 

mild to moderate in presentation.  The disorder was first described in 1971. (57)  GPS has been 

shown to be inherited in either an autosomal dominant or recessive fashion. (58, 59)  Platelet 

aggregation testing typically demonstrates poor responses to several agonists: ADP, epinephrine, 

collagen and thrombin. (60) 
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DENSE GRANULE DEFICIENCY (DELTA (δ)-STORAGE POOL DISEASE) 

 

The other major platelet organelle, the dense (or δ) granule, is the storage site of the adenosine 

phosphates ADP and ATP and serotonin, stimulants responsible for platelet aggregation.  When 

these granules are absent in platelets, the result is dense granule deficiency, also referred to as δ-

storage pool disease.  The first case of dense granule deficiency was reported in 1972. (61)  

Platelet count is normal in these individuals; electron microscopy will aid in the detection of the 

missing dense granules.  Aggregation and secretion studies demonstrate an impaired secondary 

wave when stimulated by ADP, epinephrine or thrombin.  The disorder appears to be inherited in 

an autosomal dominant pattern.  Bleeding is generally mild to moderate in severity and often can 

be treated using DDAVP, rFVIIa, or in more severe hemorrhage, with platelet transfusion. 

 

HERMANSKY-PUDLAK SYNDROME 

 

A second type of dense granule deficiency with other associated non-bleeding clinical symptoms 

is called Hermansky-Pudlak Syndrome (HPS).  Frantisek Hermansky and Paulus Pudlak, two 

Czechoslovakian physicians, first described the condition in 1959. (62)  Oculocutaneous 

albinism is the most common characteristic in these patients, and granulomatous colitis, 

pulmonary fibrosis and renal failure may occur as well.  This autosomal recessive inherited 

disorder (gene located on chromosome 10) has two rather large patient populations: one Swiss, 

the other Puerto Rican.  Prevalence in these populations is much higher than in the general 

population. (63)  Interestingly, the Swiss cohort of patients shows normal life expectancy, 

whereas those patients from Puerto Rico exhibit a shortened life span, most likely the result of 

pulmonary fibrosis and renal failure. (63)  Platelet count is normal, but electron microscopy 

reveals absence of dense granules. Platelet aggregation studies yield similar results in these 

patients as those with isolated dense granule deficiency.  Likewise, bleeding manifestations and 

treatment are similar between the two disorders. 

 

CHEDIAK-HIGASHI SYNDROME 

 

Another disorder characterized by dense granule deficiency and oculocutaneous albinism is 

Chediak-Higashi Syndrome (CHS).  Other clinical features in CHS patients include neutropenia 

and immunodeficiency that often result in pyogenic infections and lymphohistiocytic 

infiltrations; these lead to neurologic impairment that arises early in life and progresses with age.  

Most patients die of overwhelming infections or lymphoproliferative disease before their third 

decade of life.  The disorder, first described by Cuban physician Antonio Béguez-César (1943) 

and German physician Walter Steinbrinck (1948), and later characterized by Alexander Moisés 

Chediak (1952) and Otokata Higashi (1954), is inherited as an autosomal recessive trait, and the 

gene is located on chromosome 1. (64)  Treatment of bleeding, usually mild, is achieved using 

platelet transfusions.  Hematopoietic stem cell transplantation (HSCT) has been successful in 

ameliorating the hematologic portion of the disease, however, the neurologic symptoms 

associated with CHS continue to progress. (65)
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WISKOTT-ALDRICH SYNDROME 

 

A third disorder in which dense granules are deficient is an X-linked condition known as 

Wiskott-Aldrich Syndrome (WAS).  The condition was first described by Alfred Wiskott in 1937 

and later shown to be X-linked in inheritance by Robert Aldrich in 1954. (66)  

Microthrombocytopenia (small platelets in diminished numbers) occurs in WAS, and bleeding 

from the disorder may be moderate to severe in nature.  The condition also is associated with 

eczema, immunodeficiency, autoimmune hemolytic anemia and, developing later in life, 

lymphoma.  Because thrombocytopenia can be severe in WAS patients, splenectomy has been 

performed, however, although the platelet count may correct, post-surgical infection can be fatal 

due to the underlying immunodeficiency.  Allogeneic HSCT has been successful at curing the 

disease and should be considered given the high morbidity and mortality associated with WAS. 

(67)
 

 

PLATELET COHESION (AGGREGATION) DEFECTS 
 

GLANZMANN’S THROMBASTHENIA 

 

Eduard Glanzmann, in 1918, described one of the first inherited platelet disorders in patients 

suffering from mucocutaneous bleeding that he referred to as “thrombasthenie”, or weak 

platelets. (68)  The gene mutation of Glanzmann’s Thrombasthenia (GT) has been identified on 

chromosome 17, and the defect is inherited as an autosomal recessive disorder.  The functional 

defect occurs with the platelet membrane glycoprotein GP IIb/IIIa, which is required for platelet-

platelet interaction.  Fibrinogen bridging occurs in this interaction as well, and when the GP 

IIb/IIIa receptor is missing, bleeding can be quite severe.  Although the platelet count is normal, 

aggregation testing shows no response to any agonists except ristocetin, as platelet initiation 

(adhesion) is unaffected in GT patients.  Bleeding may be so severe and life-threatening, even 

from what may be considered benign sites such as epistaxis, that treatment may require HSCT as 

a cure. (53)  DDAVP, rFVIIa, and platelet transfusions may be successful in treating less severe 

forms of bleeding. 

 

OTHER INHERITED PLATELET DEFECTS 
 

MAY-HEGGLIN ANOMALY 

 

Physicians Richard May (1909) and Robert Hegglin (1945) are credited with the first 

descriptions of May-Hegglin Anomaly (MHA), a disorder of platelets in which 

macrothrombocytopenia and leukocyte inclusions (Döhle bodies) are identified under the 

microscope. (69, 70) Bleeding phenotype often is mild (easy bruisability, epistaxis and 

menorrhagia), and almost half of identified patients may have no symptoms.  Treatment of 

severe bleeds requires platelet transfusions.  The gene defect for MHA is located on chromosome 

22, and autosomal dominant inheritance has been established in patients with the disorder.  This 

gene, referred to as MYH9, has been shown to be affected in several other inherited conditions 
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associated with macrothrombocytopenia and varying degrees of hearing loss, nephritis and 

cataracts.  These include Fechtner, Sebastian and Epstein Syndromes. (71)
 

 

OTHER INHERITED DISORDERS ASSOCIATED WITH BLEEDING 
 

Bleeding, as we have seen, may result from a number of inherited conditions of procoagulant 

plasma proteins, fibrinolysis inhibitors, and platelets.  Two disorders, one involving abnormal 

blood vessel formation, the other a connective tissue disorder, which may present with increased 

risk of bleeding, have also been identified. 

 

HEREDITARY HEMORRHAGIC TELANGIECTASIA (OSLER-WEBER-RENDU SYNDROME) 

 

Three physicians, Henri Rendu, Sir William Osler and Frederick Weber, have been credited with 

discovery and description of cases of patients with Hereditary Hemorrhagic Telangiectasia 

(HHT). (72-74) Typically, examination of these patients reveals skin or mucosal lesions 

(telangiectasias) of small blood vessels; they may also have large abnormal vessels 

[arteriovenous malformations (AVMs)] within several organs of the body: lungs, liver, brain or 

spinal cord.  HHT lesions do not involute naturally as infantile hemangiomas do but continue to 

grow as patients age, possibly the result of high levels of circulating vascular endothelial cell 

growth factor (VEGF). Telangiectasias occur most frequently in the nose (90-95%); skin, oral 

mucosa or lips (80%); and intestines (20%). (75)  Bleeding from these sites can be mild to severe 

in presentation.  AVMs occur most frequently in the following organs: lungs, liver and brain.  

Bleeding into any of these organs can be life-threatening.  Diagnosis involves positive family 

history, visible findings of skin telangiectasias on examination, and imaging of affected organs.  

Treatment is often symptomatic and may involve the use of topical hemostatic agents, nasal 

cautery, embolization, hormonal suppression, and iron replacement if anemia develops.  Severe 

bleeding may require blood transfusions as well. (76)
 

 

EHLERS-DANLOS SYNDROME 

 

Ehlers-Danlos Syndrome (EDS) is comprised of a number of heritable connective tissue 

disorders manifested by joint hypermobility, skin hyperelasticity, hypertrophic scarring, and 

blood vessel fragility.  This disorder may be inherited in both autosomal dominant and recessive 

fashions.  EDS has been classified into six categories based on the preponderance of different 

symptoms. Easy bruising is the most common bleeding presentation, but patients may exhibit 

spontaneous joint subluxations and poor wound healing following surgery or trauma.  

Kyphoscoliosis, mitral valve prolapse, aortic dilatation, and arthrochalasia also may be present in 

different classifications of EDS.  Diagnosis involves positive family history, positive physical 

findings, and in some cases, genetic mutation analysis.  Skin biopsies that test for collagen 

disorders have been used.  Treatment for bleeding in EDS patients includes the use of 

antifibrinolytics, DDAVP, and rFVIIa (off-label). (77, 78) Most treatment for EDS is geared 

toward prevention of problems and may include, among other things, bracing of joints, 

physiotherapy, rest, and avoidance of surgery where possible.   
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CONCLUSION 
 

The rare coagulopathies discussed in this chapter, as you can see, pose problems for patients and 

healthcare professionals alike.  Diagnosis, treatment, and education of rare disorders lag behind 

those for patients with hemophilia.  Diagnosis, oftentimes difficult in the rare disorders, needs to 

be done sequentially and must take into account recent use of blood products, treatments or other 

concerns that may interfere with testing.  Research and development of newer products are 

beginning to bridge the treatment gap, although some disorders are so rare that a recombinant 

therapy may never be realized.  A paucity of patient educational information exists for many of 

the very rare disorders. Clinical research must be conducted so that comprehensive care team 

members can provide the same level of evidence-based service afforded to the more common 

hypocoagulopathies.  Knowledge of the clinical features, diagnosis and treatment of rare 

bleeding diatheses is essential for the bleeding disorders nurse and will help lead to safe, 

competent and compassionate care for patients affected by these conditions.
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