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 Abstract 
 Hemostasis is traditionally defi ned as a physiological response to blood vessel injury and bleeding, which entails a 
co-ordinated process involving the blood vessel, platelets, and blood clotting proteins (i.e. coagulation factors). Hemostasis 
can be divided into primary and secondary components. The former rapidly initiates after endothelial damage and is 
characterized by vascular contraction, platelet adhesion, and formation of a soft aggregate plug. The latter is initiated 
following the release of tissue factor and involves a complex sequence of events known as the blood coagulation cascade, 
encompassing serial steps where each coagulation factor activates another in a chain reaction that culminates in the con-
version of fi brinogen to fi brin. Patients carrying abnormalities of the coagulation cascade (i.e. defi ciencies of coagulation 
factors) have an increased bleeding tendency, where the clinical severity is mostly dependent upon the type and the plasma 
level of the factor affected. These disorders also impose a heavy medical and economic burden on individual patients 
and society in general. The aim of this article is to provide a general overview on the pathophysiology, clinics, diagnostics, 
and therapy of inherited disorders of coagulation factors.   
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         Introduction 

 Hemostasis is traditionally defi ned as a physiological 
response to blood vessel injury and bleeding, which 
involves the co-ordinated activity of vascular, platelet, 
and plasma factors. It is an accepted convention to 
divide this process into primary and secondary com-
ponents. The former rapidly initiates after endothelial 
damage and is characterized by vascular contraction, 
platelet adhesion, and formation of a soft aggregate 
plug. The latter is initiated following the release of 
tissue factor (TF) and involves a complex sequence 
of events known as the blood coagulation cascade. 
This process encompasses serial steps where each 
coagulation factor (F) activates another in a chain 

reaction that culminates in the conversion of fi brino-
gen to fi brin. Primary hemostasis is short-lived, and 
the immediate post-injury vascular constriction 
abates quickly; when the blood-fl ow is allowed to 
increase, the soft plug might be rapidly sheared from 
the injured surface. Thus, the main goal of secondary 
hemostasis is to stabilize the soft plug and therefore 
facilitate the arrest of the hemorrhage.   

 Overview of blood coagulation 

 Although blood coagulation has been classically 
classifi ed into two pathways, sometimes referred to 
as intrinsic and extrinsic, important biological 
advances over the past decades have helped to clarify 
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the precise mechanisms involved in the initiation and 
propagation of the coagulation cascade, including 
the involvement of cellular elements. 

 The initial and essential event is the release of 
TF from the injured endothelium, which combines 
with FVII to form the TF – FVIIa (activated FVII) 
complex (Figure 1). This complex rapidly catalyzes 
the activation of both FX and FIX. The former (acti-
vated) factor (FXa) combines with activated FV 
(FVa) to form a complex also known as  ‘ prothrom-
binase ’ , while the latter (FIXa) combines with acti-
vated FVIII (FVIIIa) to form a complex named 

 ‘ tenase ’ . Both complexes actively convert prothrom-
bin (FII) into thrombin (FIIa), which in turn fi nally 
converts fi brinogen into fi brin. 

 The amount of thrombin generated by this initial 
activation step is, however, ineffective ( ∼ 2% of the 
total amount required) to produce a suffi cient 
amount of fi brin to stabilize the soft plug. The main 
role of the TF pathway is therefore to generate the 
so-called  ‘ thrombin burst ’ , a process by which throm-
bin initiates a feedback process by activating several 
components of the coagulation cascade, including 
FV and FVIII (which activates FXI, which in 
turn activates FIX). This process also facilitates the 
 ‘ propagation ’  of the coagulation cascade. 

 FVII might also be activated by thrombin, FXIa, 
and FXa. Fibrin monomers are initially held together 
by non-covalent interactions, but the catalysis of 
covalent cross-links by FXIII defi nitively stabilizes 
the clot. According to this model, the older concept 
of the coagulation cascade encompassing two differ-
ent (intrinsic/extrinsic) activation pathways is there-
fore no longer legitimate, and the role of FXII (i.e. 
the initiator of the  ‘ intrinsic pathway ’ ) is virtually 
insignifi cant. A delicate balance exists between coag-
ulation and fi brinolysis for determining the true 
stability of the fi brin clot. Importantly, thrombin is 
not only involved in generation of the clot but 
stabilizes it through activation of the thrombin acti-
vatable fi brinolysis inhibitor (TAFI), which exerts an 
essential function for protecting the fi brin clot against 
lysis (1). 

 Key messages   

 Inherited bleeding disorders can be classifi ed   •
as acquired or inherited, and as affecting 
primary or secondary hemostasis.   
 Inherited disorders of the coagulation system   •
typically comprehend von Willebrand disease, 
hemophilia A, hemophilia B, hemophilia C, 
and rare bleeding disorders.   
 Patients carrying abnormalities of the coag-  •
ulation system (i.e. quantitative or qualitative 
abnormalities of coagulation factors) have 
an increased bleeding tendency, where the 
clinical severity is mostly dependent upon 
the type and the plasma level of the factor 
affected.   
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Figure 1.     Overview of the  in-vivo  blood coagulation cascade.  



   Inherited disorders of blood coagulation    407

 The entire complex mechanism of activation and 
propagation of blood coagulation is further regulated 
at several steps by different inhibitors, including 
antithrombin (AT), the co-ordinated action of pro-
tein C (PC) and protein S (PS), and the tissue factor 
pathway inhibitor (TFPI) (2,3). 

 According to the World Federation of Hemo-
philia (WFH), the general term  ‘ bleeding disorder ’  
defi nes a broad range of medical problems that lead 
to poor blood clotting and thus continuous or uncon-
trollable bleeding (4). Bleeding disorders can be 
classifi ed as acquired or inherited, and as affecting 
primary or secondary hemostasis (Figure 2). 

 The aim of this article is to provide a general over-
view on the pathophysiology, clinics, diagnostics, and 
therapy of inherited disorders of procoagulant factors 
(summarized in Table I). Although the plasma protein 
von Willebrand factor (VWF) is per se not involved in 
the coagulation pathway, one of its roles is to protect 
and stabilize FVIII and thus provide this procoagulant 
protein at sites of thrombus formation. Moreover, 
VWF defi ciencies and defects give rise to clinical 
bleeding that may sometimes be diffi cult to differenti-
ate from those arising from defi ciencies in the clotting 
factors. Accordingly, this review will cover von Wille-
brand disease (VWD), hemophilia A, hemophilia B, 
hemophilia C, and rare bleeding disorders. Whilst the 
latter comprise a diverse group of relatively rare con-
genital bleeding disorders, education and information 
related to these have not been a priority of the medical 
community according to the WFH (4), leading to 
their relatively poor diagnosis and management.   

 Platelet disorders 

 Platelet disorders, which are an additional cause of 
symptomatic bleeding, will not be covered in this 

review. Nevertheless a brief overview is useful to 
facilitate their differential diagnosis from inherited 
disorders of secondary hemostasis. Platelet disorders 
defi ne a primary hemostasis disturbance that can 
arise due to abnormalities of platelet number (i.e. 
thrombocytopenias) or function (i.e. disorders of 
platelet function), or both, and can be further clas-
sifi ed as acquired or congenital (Table II). These 
pathologies are mainly characterized by easy bruis-
ing, epitasis, menorrhagia, and excessive bleeding 
from trauma and dental or surgical interventions, 
whereas defects in secondary hemostasis, as previ-
ously noted, exhibit delayed deep bleeding (e.g. 
muscles and joints), and the characteristic physical 
examination fi nding is hemarthrosis, which is instead 
absent in primary hemostatic disorders. As regards 
laboratory testing, the hall-mark of platelet disorders 
is the normality of routine coagulation tests such as 
prothrombin time (PT) and activated partial throm-
boplastin time (APTT). Conversely, the platelet 
count is typically reduced in thrombocytopenias, 
while disorders of platelet function generate abnor-
mal results of bleeding time and other primary 
hemostasis tests (e.g. platelet function testing by 
aggregometry or by the PFA-100).   

 Von Willebrand disease 

 VWD is reportedly the most common of the inher-
ited factor-related bleeding disorders, with reported 
prevalence of mild disease ranging from 1:100 to 
1:10,000, depending on the study setting (5). VWD 
arises due to defects or defi ciencies in VWF, which 
is encoded by chromosome 12. However, genetic 
testing is generally not required or useful for the 
diagnosis of VWD, which is instead based on clinical 
observations and laboratory phenotypic testing. 
Indeed, the complexity and heterogeneity of VWD 
will often lead to failure in the identifi cation of any 
genetic mutation in VWF (6). VWD may be auto-
somal dominant or autosomal recessive depending 
on the type of defect. VWF has two primary func-
tions: 1) facilitating the binding of platelets to each 
other and to subendothelium (in order to promote 
the formation of the platelet plug — i.e. primary 
hemostasis), and 2) binding and protecting FVIII 
from proteolysis (and thus promoting FVIII activity 
at sites of injury to facilitate secondary hemostasis). 
Clinically, VWD patients therefore present with a 
range of symptoms but primarily mucocutaneous 
symptoms such as bruising, epistaxis, menorrhagia, 
and gastric hemorrhages, but also post-surgical 
bleeding. Hemophilia-like symptoms may also be 
present when FVIII levels are also low (7). 

 VWD patients are classifi ed into one of six groups 
or types, with type 1 defi ning a partial quantitative 

Bleeding Disorders

Primary Hemostasis Secondary Hemostasis

Acquired InheritedAcquired Inherited

Thrombocytopenias
Defects of platelet function

Hemophilia A
Hemophilia B
Rare Bleeding Disorders

Von Willebrand Disease

  Figure 2.     Classifi cation of bleeding disorders. Von Willebrand 
disease (VWD) is primarily a disorder of  ‘ primary hemostasis ’  
(affecting platelet adhesion and aggregation), but as von Willebrand 
factor (VWF) can also contribute to  ‘ secondary hemostasis ’  by 
providing factor VIII to sites of injury, VWD can also express clinical 
symptoms associated with failure of the coagulation cascade.  
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  Table I. The coagulation factors.  

Number Name Synthesis Function

I Fibrinogen Liver Precursor of fi brin, which stabilizes the soft plug
II Prothrombin Liver Precursor of thrombin catalyzes the conversion of fi brinogen 

into fi brin. It also activates factors V, VIII, XI, XIII, and 
binds to thrombomodulin to activate protein C

III Tissue factor, tissue 
thromboplastin

Endothelial cells Contained within perivascular fi broblasts, boundary epithelial 
cells, and platelet-derived microparticles, binds to FVII to 
form a complex that triggers blood coagulation  in vivo 

IV Calcium Mediates the binding of terminal gamma-carboxy residues of 
coagulation factors to the phospholipid surfaces of the platelets

V Proaccelerin, labile factor Platelets ( α  granules), 
liver

Co-factor for FXa in prothrombinase complex that activates 
prothrombin to thrombin

VII Proconvertin, stable factor Liver Binds to tissue factor and forms the enzymatic complex that 
initiates blood coagulation by activating factors X and IX

VIII Antihemophilic factor A Endothelial cells, liver Co-factor of FIXa in the tenase complex that activates factor X
IX Antihemophilic factor B, 

Christmas factor
Liver Forms with FVIIIa the tenase complex, which activates factor X

X Stuart – Prower factor Liver Binds with FVa to form a complex which cleaves prothrombin 
to thrombin

XI Antihemophilic factor C, plasma 
thromboplastin antecedent

Liver Is activated to factor XIa, which activates factor IX in a 
reaction requiring Ca 2 �   ions

XII Hageman factor Liver Activates prekallikrein and factor XI, triggering the intrinsic 
coagulation pathway ( in vitro )

XIII Fibrin stabilizing factor Liver Activated by thrombin, catalyzes formation of peptide bonds 
between adjacent fi brin monomers, thereby stabilizing the 
fi brin clot

Prekallikrein, Fletcher factor Endothelial cells Activated to kallikrein by factor XIIa, catalyzes the further 
activation of factor XII to factor XIIa

High-molecular-weight 
kininogen, Fitzgerald factor

Liver, endothelial cells Circulates as a bimolecular complex with prekallikrein

von Willebrand factor Endothelial cells and 
megakaryocytes

Binds to and stabilizes FVIII in blood, mediates platelet 
aggregation

defi ciency of VWF, type 3 defi ning a total defi ciency 
of VWF, and type 2 defi ning qualitative defects 
comprising: 1) type 2A (representing a loss of 
high-molecular-weight (HMW) VWF), 2) type 2B 
(representing a hyper-adhesive VWF defect classi-
cally also leading to clearance of HMW VWF and 
VWF-bound platelets), 3) type 2N (representing a 
defect of FVIII binding), and 4) type 2M (represent-
ing a heterogeneous group of other inherent VWF 
defects) (8). 

 The complexity and heterogeneity of VWD 
typically mandates a comprehensive laboratory work-
up that includes a broad range of assays to character-
ize appropriately both the level and activity of 
VWF. This includes assessment of FVIII activity, 
VWF protein (antigen; VWF:Ag), ristocetin co-
factor (VWF:RCo), and preferably also collagen 
binding (VWF:CB) (9). Testing must often be 
repeated on a new sample to confi rm initial fi ndings 
and, depending on the pattern of initial fi ndings, also 
extended to include additional tests such as ristoce-
tin-induced platelet agglutination (RIPA), VWF 
multimers, and VWF-FVIII binding (10). 

 The differential diagnosis and typing of a patient ’ s 
VWD depends on both the level of VWF and the 

functional defect (if any) determined. In brief, if 
VWF is not identifi ed by any test, then type 3 VWD 
(the most severe form of VWD) would be identifi ed. 
These patients also present with very low levels 
( � 10%) of FVIII, so clinical symptoms of classical 
hemophilia are also evident. If VWF is low but sim-
ilar levels of VWF are identifi ed with all VWF assays, 
then the patient has type 1 VWD, and clinical symp-
toms are usually associated to the level of VWF (the 
lower the VWF level, the more severe the clinical 
symptoms). Patients in whom a discordance is 
observed between the VWF:Ag and activity assays 
(such that lower levels are detected by the latter) are 
classifi ed as type 2 VWD, with the specifi c type (2A, 
2B, 2N, or 2M) identifi ed according to the test pat-
terns determined (Table III). An additional rare dis-
order called platelet type (PT-) VWD can give 
phenotypic test patterns similar to type 2B VWD but 
is caused by a platelet defect (11). 

 In developed countries, mild type 1 VWD repre-
sents the majority of cases of VWD ( � 70%), with 
type 3 VWD representing  � 5% of cases, and type 2 
VWD representing the rest. Within type 2 VWD, 
types 2A and 2M each represent the most common 
forms (about 30% – 40% each), and types 2B and 2N 
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are relatively rare forms (about 10% – 15% each). In 
developing countries the situation is somewhat 
reversed, and types 3 and 2 tend to dominate, either 
because of consanguinity or because only the most 
severe forms of VWD are identifi ed (12). 

 Treatment of VWD depends on type and severity 
but generally consists of desmopressin (effective in 
mild type 1 VWD and some forms of type 2 VWD) 
or VWF replacement therapy (VWD types and/or 
treatment settings where desmopressin is not effec-
tive) (13) (see also Table III). Anti-fi brinolytic ther-
apy using tranexamic acid is also useful in 
some cases or in some settings, and hormonal 
replacement therapy may help control menorrhagia 
in some cases. VWF replacement therapy currently 
comprises plasma-derived VWF concentrates. 

Although a recombinant VWF is in development and 
has progressed to phase I human trials, this product 
is not yet available or licensed for use (14).   

 Hemophilia A and B 

 Hemophilia A and B comprise inherited X-linked 
bleeding disorders respectively resulting from a 
defi ciency of clotting factors VIII (FVIII) or IX 
(FIX). Hemophilia A occurs in 1 out of 10,000 male 
births, while hemophilia B occurs in 1 out of 30,000 
male births (15,16). A defi ciency of either FVIII or 
FIX results in the absence of a functioning intrinsic 
tenase complex leading to diminished thrombin 
generation and an inability to form and maintain a 
stable clot (17). 

 The 186 kb FVIII gene, located on the Xq28 
chromosome, encodes a heterotrimer protein 
composed of the A1, A2, A3, -C1 and -C2 domains. 
Multiple mutations leading to hemophilia A have 
been described on the FVIII gene, 30% of them 
occurring  de novo . One of the most common, 
accounting for 40% – 50% of patients, is a combined 
gene inversion and crossing-over, which completely 
disrupts the gene (18). Patients with an inversion 
or a deletion, which leads to an absence of FVIII 
levels, are more susceptible to the development of 
anti-FVIII antibodies. 

 The FIX gene, located on chromosome Xq27, is 
33 kb in length and encodes a vitamin K-dependent, 
single-chain glycoprotein consisting of 415 amino 
acids. Multiple mutations have been described that 
characterize the hemophilia B phenotype, such as 
point mutations, frameshifts, deletions, and other 
abnormalities that cause structural or functional 
change in the FIX protein. Over 33% of mutations 
arise  de novo , and over 30% of mutations occur at 
CG dinucleotides, which involve critical arginine 
amino acids (18). 

 Excluding familial disorders, the diagnosis of 
hemophilia A or B may fi rst be suspected following 
an isolated prolongation of the routine coagulation 
test called the APTT (although different commercial 
reagents used for this test are characterized by a het-
erogeneous sensitivity to defi ciencies of factors of the 
intrinsic pathway defi ciency, so that sometimes mild 
defi ciencies may be missed) and then be confi rmed 
following performance of the specifi c factor assay. In 
familial disorders where the defect is already estab-
lished, other family members are typically directly 
assessed by specifi c factor assays. The bleeding ten-
dency in both hemophilia A and B is related to the 
concentration of the factor present in plasma and is 
typically classifi ed as mild (5% – 40% of normal), 
moderate (1% – 5% of normal), or severe ( � 1% of 
normal) (19). 

  Table II. Platelet disorders.  

Congenital
Thrombocytopenias:

MYH9-related platelet disorders
Congenital amegakaryocytic thrombocytopenia
Thrombocytopenia associated with skeletal defects
X-linked thrombocytopenia with dyserythropoiesis
Thrombocytopenia with predisposition to leukemia
Montreal platelet syndrome
Mediterranean macrothrombocytopenia

Disorders of platelet function:
Glanzmann thromboasthenia
Bernard – Soulier syndrome
Wiskott – Aldrich syndrome
Disorders of agonist platelet receptors and signal transduction
Disorders of platelet granules (e.g.  δ -storage pool disease, 

 α -storage pool disease
Other platelet disorders:

Scott syndrome
Acquired

Thrombocytopenias:
Aplastic anemia
Bone-marrow infi ltrates (e.g. cancer)
Ionizing radiation and other causes of myelosuppression
Drugs (trimethoprim-sulfamethoxazole, gold, thiazide 

diuretics, estrogens, interferons)
Defi ciency of vitamins and other essential trace elements or 

nutrients (e.g. vitamin B12, folate)
Viral infections
Disseminated intravascular coagulation (DIC)
Thrombotic thrombocytopenic purpura (TTP)
Idiopathic thrombocytopenia purpura (ITP)
Hemolytic-uremic syndrome
Hypersplenism and platelet sequestration
Acute hemorrhage
Hemoperfusion

Disorders of platelet function:
Chronic myelogenous leukemia
Myelofi brosis
Polycythemia vera
Primary thrombocythemia
Kidney failure
Multiple myeloma
Drugs (e.g. aspirin and other anti-infl ammatory drugs, 

penicillins, phenothiazines, and prednisone)
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 Hemophilia A and B are clinically indistinguish-
able from each other, with both manifesting 
spontaneous hemarthrosis, soft-tissue hematomas, 
retroperitoneal bleeding, intracerebral hemorrhage, 
and delayed post-surgical bleeding. Over time, com-
plications from recurrent hemarthrosis and soft-
tissue hematomas include severe arthropathy, joint 
contractures, and pseudotumors, leading to chronic 
pain and disability. Around one-third of hemophilia 
carriers have low levels of FVIII or FIX and may 
experience bleeding symptoms similar to those 
described in people with mild hemophilia. 

 The introduction of virus-inactivated, plasma-
derived coagulation factors fi rst followed by recom-
binant products has revolutionized the care of people 
with hemophilia (20). Indeed, these therapeutic 
weapons have improved the quality of life of hemo-
philia A and B patients and their families and have 
permitted regular infusion of factor concentrate 
replacement therapy to prevent bleeding and resul-
tant joint damage (i.e. primary prophylaxis), home 
treatment, and ultimately a near normal life-style 
and life expectancy (21 – 27). 

 Accordingly, in the era of the wide-spread diffu-
sion (at least in developed countries) of recombinant 
products and of prophylaxis to prevent arthropathy, 
the most serious and challenging complication of 
replacement therapy has now become the develop-
ment of inhibitors against coagulation FVIII or FIX. 
Inhibitory alloantibodies develop in approximately 
20% – 30% and 3% – 5% of patients with severe 
hemophilia A and B, respectively, making replace-
ment therapy ineffective in these patients, thereby 
precluding their access to a safe and effective standard 
of care and predisposing them to an unacceptably 
high risk of morbidity and mortality (28,29). 

 As regards inhibitors in hemophilia A, other 
genetic factors have been documented to infl uence 
inhibitor formation together with FVIII gene muta-
tions, such as polymorphisms in genes involved in 
the regulation of the immune system (polymorphisms 
in the tumor necrosis factor and interleukin-10 
genes), differences in the major histocompatibility 
complex, and ethnicity (29,30). Moreover, the role 
of environmental or treatment-related factors, such 
as an early age at fi rst factor concentrate exposure, 

  Table III. Von Willebrand disease diagnosis and treatment.  

VWD type Laboratory features Relative frequency Treatment options a 

1 Low levels of functionally normal VWF. Ratios 
of VWF:CB/VWF:Ag and VWF:RCo/
VWF:Ag are normal (above 0.7). FVIII 
levels also fall concordantly with VWF

Most frequent ( � 70%) 
form of VWD overall

DDAVP is usually effective unless VWF 
levels below around 10% – 15%. VWF 
concentrate when DDAVP not 
effective

2A Loss of high-molecular-weight VWF. Ratios 
of VWF:CB/VWF:Ag and VWF:RCo/
VWF:Ag are typically both below 0.7

Most frequent form 
( ∼ 30%) of type 2 VWD

DDAVP is only sometimes effective and 
should be trialed. VWF concentrate 
is most usually given

2B b Hyper-functional form of VWF yields response 
to lower concentrations of ristocetin in a 
RIPA assay. Loss of high-molecular-weight 
VWF sometimes observed, and ratios of 
VWF:CB/VWF:Ag and VWF:RCo/VWF:Ag 
can both be below 0.7

Rare form ( ∼ 10% – 20%) 
of type 2 VWD

VWF concentrate is most usually given. 
DDAVP can be effective in some 
cases, but some experts are 
concerned about resulting potential 
thrombocytopenia

2M Dysfunctional VWF. Laboratory test patterns 
depend on type of defect. Most common 
form is characterized by low VWF:RCo/
VWF:Ag ratios (i.e.  � 0.7), but normal 
VWF:CB/VWF:Ag ratio

Under-recognized form 
of VWD. Probably 
nearly as common as 
type 2A

DDAVP is only sometimes effective and 
should be trialed. VWF concentrate 
is most usually given

2N c Defect in VWF preventing FVIII binding. 
Characterized by low relative plasma 
FVIII:C and identifi ed by using a 
VWF – FVIII binding assay.

Rare form ( ∼ 10% – 20%)
of type 2 VWD

DDAVP is only sometimes effective and 
should be trialed. VWF concentrate 
is most usually given

3 d VWF is absent. FVIII:C levels typically  
� 10 U/dL

Rare except in developing 
countries

VWF concentrate (DDAVP is not 
effective)

    a Anti-fi brinolytics such as tranexamic acid are often also employed. Oral contraceptives can sometimes resolve menorrhagia in some women.   
  b A rare platelet disorder called platelet type (PT-) VWD will give similar test results and should be distinguished from 2B VWD, as 
management differs. Differential diagnosis can be accomplished using RIPA-mixing studies or genetic analysis.   
  c 2N VWD cases are sometimes misdiagnosed as the more common hemophilia A; differential diagnosis requires performance of a test 
called the VWF – FVIII binding assay or genetic analysis.   
  d Type 3 VWD is sometimes also misdiagnosed as the more common hemophilia A; this can occur when VWF testing has been omitted 
from the investigation.   
 DDAVP  �  desmopressin; RIPA  �  ristocetin-induced platelet agglutination assay; VWF:CB  �  collagen binding assay for VWF; 
VWF:RCo  �  ristocetin co-factor assay for VWF; VWF  �  von Willebrand factor; VWD  �  von Willebrand disease.   
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the intensive exposure to FVIII, the immunologic 
challenge (i.e. infection, surgery, vaccination), or the 
choice of FVIII replacement therapy (i.e. recombi-
nant or plasma-derived concentrates), in the likeli-
hood of developing inhibitors has been explored by 
a number of studies but with inconclusive results 
(31 – 34). 

 Similarly to hemophilia A, the inhibitor develop-
ment in hemophilia B is infl uenced by the severity 
and localization of the FIX gene defect (29,35). In 
particular, there are data indicating that inhibitors in 
hemophilia B are especially associated with large 
deletions in the FIX gene, and that these patients 
are at higher risk of severe anaphylactic reactions to 
FIX concentrate therapy (36,37). 

 The laboratory investigation of inhibitors to FVIII 
or FIX is problematic. Testing is based on so-called 
 ‘ Bethesda ’  assays preferably with Nijmegen modifi -
cations, but results are compromised by poor relative 
consistency in test results (38 – 40). This high assay 
variability compromises therapy since this will be 
differentially applied depending on whether inhibi-
tors are low or high titer (see below); thus, patients 
with false low or high titers may be inappropriately 
managed. 

 The main short-term objective of the treatment 
of alloantibodies against FVIII and FIX is the man-
agement of bleeding diathesis (41,42). Acute bleed-
ing events may be controlled with high doses 
of FVIII or FIX concentrates in hemophiliacs with 
low-titer factor inhibitors ( � 5 Bethesda units (BU)), 
while bypassing agents (i.e. activated prothrombin 
complex concentrates and recombinant activated 
factor VII) are necessary for patients with high-titer 
inhibitors ( � 5 BU) (43 – 46). The eradication of 
the alloantibody through immune tolerance induc-
tion (ITI) in order to restore normal FVIII or FIX 
pharmacokinetics is the main long-term goal of the 
treatment of hemophiliacs with high-responding 
(anamnestic) inhibitors of recent onset (47). Finally, 
disappointing clinical results have been obtained to 
date with gene therapy (based on genetically modi-
fi ed cells or direct  in-vivo  gene delivery using viral 
or plasmid vectors) for hemophilia (48). Neverthe-
less, as genetic research advances and new results 
become available, clinicians and regulators need to 
be open to reconsider that some inherent risks of 
gene therapy might be outweighed by potential ben-
efi ts, which include the use of effective, long-lasting, 
and safer treatments (49).   

 Rare coagulation factor defi ciencies 

 Rare coagulation factor defi ciencies are autosomal 
recessive bleeding disorders in which one or more 
of the clotting factors other than FVIII or FIX 

(i.e. factors I, II, V, V � VIII, VII, X, XI, or XIII) is 
missing or not working properly (50). Less informa-
tion is available about these disorders (most data 
have been reported by the European Network of 
Rare Bleeding Disorders (EN-RBD) and the Euro-
pean Hemophilia Safety Surveillance (EUHASS)), 
because many of them have only been discovered in the 
last 40 years; they are reportedly less frequent than 
hemophilia or VWD and therefore more challenging 
to diagnose (51). 

 Basically, the estimated prevalence in the general 
population varies between 1 in 500,000 and 1 in 
2 million (3% to 5% of all the inherited coagulation 
defi ciencies), and the clinical manifestations range 
from mild to severe (51). According to the most 
recent WFH report, describing data on people with 
hemophilia, VWD, and other rare factor defi ciencies 
throughout the world, the number of people with 
bleeding disorders other than hemophilia A and B 
is 18,762 out of 213,904 subjects with identifi ed 
bleeding disorders (8.8%) (52), more than 70% of 
which is attributed to rare factor defi ciencies. 

 The relative frequency of the different rare factor 
defi ciencies is synthesized in Figure 3. These fi gures 
confi rm that defi ciencies of FVII and FXI are the 
most frequent, whereas that of FII and the combined 
FV  �  FVIII defi ciencies are the most rare. Typically, 
none of the bleeding manifestations that affect 
patients with rare coagulation factor defi ciencies can 
be considered specifi c for any specifi c defect, so that 
the precise diagnosis of the defect can only be made 
following laboratory investigation. Patients affected 
are habitually characterized by a wide spectrum of 
clinical presentations that range from a mild or mod-
erate bleeding tendency, to potentially serious or 
life-threatening hemorrhages. As such, physicians 
are frequently challenged by individuals with mild 
hemorrhagic symptoms, particularly occurring after 
a surgical intervention, and the leading diagnostic 
problem is therefore to establish whether these 
subjects have a hemorrhagic disorder requiring 
special investigations and treatments. 

 Particular attention should be paid to women 
affected by rare bleeding disorders, as they may 
experience excessive menstrual bleeding or menor-
rhagia and bleeding during pregnancy and child-
birth. Affected women suffer also from the secondary 
consequences of such events as chronic iron defi -
ciency anemia and a signifi cantly reduced quality of 
life, due mainly to a complicated reproductive life 
but also due to limitations in social activities and 
work. Post-partum bleeding often occurs if replace-
ment therapy is not administered after delivery. 
Pregnancy is not contraindicated in patients with 
RBDs but requires a multidisciplinary approach: the 
best management of pregnancy should be decided 
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through the co-ordinated action of a team composed 
of pediatricians, hematologists, and obstetricians.   

 Factor I (fi brinogen) defi ciency 

 Inherited fi brinogen defi ciency has an estimated 
prevalence of 1 in 1,000,000 and may manifest 
as quantitative (afi brinogenemia and hypofi brino-
genemia) or qualitative (dysfi brinogenemia) fi brino-
gen abnormalities, or both (hypodysfi brinogenemia) 
(53). Afi brinogenemia is the most common inherited 
fi brinogen disorder and is characterized by virtually 
immeasurable plasma fi brinogen. Hypofi brinogene-
mia is rarer and is characterized by fi brinogen 
levels lower than 1.5 g/L. Around 400 cases of dys-
fi brinogenemia have been characterized to date, and 
the affected patients have fi brinogen protein levels 
typically in the normal range (1.5 – 3.5 g/L), so that 
its presence can only be suspected (and diagnosed) 
by a discrepancy between functional (clottable) and 
immunoreactive fi brinogen. 

 Patients carrying inherited fi brinogen disorders 
typically suffer from a bleeding diathesis but might 
paradoxically be exposed to the risk of thromboem-
bolic complications as well as pregnancy loss (54). 
The vast majority of patients with afi brinogenemia 
manifest the fi rst symptoms during the neonatal 
period, especially with umbilical cord bleeding. 
Bleeding from other sites is also frequent, including 
skin, gastrointestinal and genitourinary tracts, and 
central nervous system (intracranial hemorrhage is 
the leading cause of mortality). Other hemorrhages 
that characterize hemophilia (e.g. hemarthrosis and 
muscular bleeding) are relatively infrequent. Since 
fi brin is capable of binding thrombin (thereby down-
regulating its activity), afi brinogenemia (at variance 
with hemophilia) is characterized by conserved 
thrombin generation and platelet aggregation, which 
would both explain the paradoxical development of 
arterial and venous thrombosis in these patients. 
Patients with hypofi brinogenemia are usually asymp-
tomatic, and serious hemorrhages are only observed 
after surgery, traumas, or in association with other 

hemostatic abnormalities. Importantly, liver disease 
can be occasionally observed in patients with hypo-
fi brinogenemia due to the accumulation of abnormal 
fi brinogen molecules aggregated in the hepatocytes. 
Although most patients with inherited dysfi brino-
genemia are asymptomatic, some experience bleeding 
( ∼ 25%), thromboembolic complications ( ∼ 20%), or 
both. The hemorrhagic complications usually onset 
only after surgery or traumas, or post-partum. 

 The main laboratory fi ndings are represented 
by variable prolongations of both PT and APTT 
(Figure 4), associated with decreased levels of both 
clottable and immunoreactive fi brinogen (afi brino-
genemia and hypofi brinogenemia) or decreased lev-
els of clottable fi brinogen in the presence of normal 
immunological values (dysfi brinogenemia). A defi n-
itive diagnosis may require characterization of the 
underlying molecular defect. The mainstay of ther-
apy of the most severe forms of inherited fi brinogen 
disorders is based on the use of fi brinogen concen-
trates. Nevertheless, no standard protocol is available 
since therapy is individualized according to the 
nature and severity of the defi cit, as well as to the 
thrombotic risk of the patient, to balance and pre-
vent potential thromboembolic complications asso-
ciated with therapy. Nevertheless, plasma fi brinogen 
levels above 0.5 g/L are recommended for effective 
long-term secondary prophylaxis, or above 1.0 g/L 
in the case of active bleeding (55).   

 Factor II (prothrombin) defi ciency 

 FII (prothrombin) defi ciency has an overall preva-
lence in the general population of 1 in 2,000,000 
(56) and can be classifi ed in two main phenotypes: 
type I (hypoprothrombinemia, which is character-
ized by decreased levels of both FII activity and anti-
gen) and type II (dysprothrombinemia, which is 
instead characterized by the normal or near-normal 
levels of FII antigen but decreased activity due to 
the synthesis of a dysfunctional protein). Rarely, 
hypoprothrombinemia and dysprothrombinemia 
have both been reported in compound heterozygotes 
for FII defi ciency. Interestingly, the complete defi -
ciency of this protein is seemingly incompatible with 
life since it has never been described and experimen-
tal inactivation of the FII gene in the animal model 
is characterized by embryonic or neonatal lethality. 

 Patients affected by FII defi ciency in the heterozy-
gote form and typically displaying plasma levels of 
the protein ranging between 40% and 60% are 
usually asymptomatic and might only manifest a 
hemorrhagic tendency after traumas, surgery, or 
other invasive procedures (e.g. tooth extractions, 
tonsillectomy, endoscopy). More severe defi cits, i.e. 
patients with FII plasma levels  � 10%, are instead 
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  Figure 3.     Relative frequency of rare inherited bleeding disorders. 
Offi cial data of the World Federation of Hemophilia (51).  
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characterized by a severe bleeding syndrome. 
Lancellotti and De Cristofaro have recently reviewed 
32 cases of severe FII defi ciency, reporting serious 
hemorrhages in 12% to 60% of the cases, mainly 
represented by intracerebral bleeding, intracranial 
hemorrhages, spontaneous hematomas, bruising, 
hemarthrosis, menorrhagia, and bleeding after tooth 
extraction (56). The routine laboratory tests (i.e. PT 
and APTT) are variably prolonged (Figure 4), and 
specifi c one-stage clotting assays using tissue throm-
boplastin and prothrombin-depleted plasma are 
necessary to diagnose FII defi ciency. As for other 
defects, a discrepancy between functional (clotting) 
and antigenic values is suggestive for the present of 
a dysfunctional protein (dysprothrombinemia). 

 The care of patients carrying FII effi ciency is 
determined by the severity of the disease. Replace-
ment therapy is usually needed in homozygous 
patients only (i.e. FII levels  � 10%), in the presence 
of active bleeding or for prophylaxis prior to invasive 
procedures. Unfortunately, no purifi ed prothrombin 
concentrates have been developed so far, so that 
fresh-frozen plasma (FFP) and prothrombin 
complex concentrates (PCCs) are the only thera-
peutic choice. Although the defi nitive plasma FII 
level required for effi cient hemostasis has not been 
determined, a minimum level of 10% – 15% may 

be suffi cient for preventing minor hemorrhages, 
while levels between 20% and 40% might be necessary 
in the presence of trauma or surgery (56).   

 Factor V defi ciency 

 Congenital FV defi ciency has a prevalence of 1 in 
1,000,000 in the general population (57). Analogously 
to other similar disorders, type I is characterized by 
concordantly low or immeasurable antigen and func-
tional plasma levels (quantitative defect), while type II 
defi ciency is characterized by normal or mildly reduced 
antigen plasma levels associated with a reduced coag-
ulant activity (qualitative defect). Homozygotes or 
compound heterozygotes usually display FV plasma 
levels  � 10%, while the heterozygous state in the 
mild or moderate form is associated with FV plasma 
levels between 20% and 30%. The relatively low plate-
let content of FV is important, however, because 
patients with very low to undetectable plasma FV may 
still possess functional FV in their platelets which, in 
combination with low tissue factor pathway inhibitor 
(TFPI) levels, allows suffi cient thrombin generation 
to rescue these patients from fatal bleeding. 

 The bleeding tendency of FV-defi cient patients 
is highly dependent upon the residual plasma FV 
level. In severe patients, the fi rst bleeding episodes 
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Figure 4.     Abnormalities of routine coagulations tests in patients with inherited coagulation factor (F) disorders. Some cases of VWD may 
also present with isolated prolongation of APTT (when low FVIII levels are also evident). Owren-based PT results may be normal in FV 
defi ciency. Primary hemostasis defects such as thrombocytopenias and platelet function disorders should yield normal PT and APTT 
values.  
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occur in childhood and typically comprise skin and 
mucosal tract hemorrhages (e.g. epistaxis and men-
orrhagia). Other severe hemorrhages, like hemato-
mas, hemarthroses, bleeding in the central nervous 
system and in the gastrointestinal tract, are less fre-
quent or very rare (i.e.  � 20%) (57). The FV defi -
ciency is characterized by a concomitant prolongation 
of both PT (using the Quick but not the Owren 
assay) and APTT (Figure 4), which can be cor-
rected, as in other inherited clotting factor defi cien-
cies, by mixing the patient plasma with a plasma 
pool. The defi ciency needs to be confi rmed and thus 
diagnosed by performing a specifi c FV assay. How-
ever, it is reasonable in suspected FV-defi cient 
patients to assess also FVIII in order to rule out a 
combined defi ciency of FV and FVIII (58). The 
standard of care is mainly based on replacement 
therapy with FFP because FV concentrates are 
unavailable and FV is not contained in cryoprecipi-
tate or prothrombin complex concentrates. The min-
imum recommended FV plasma level in case of 
severe bleeding or as a prophylaxis before surgery is 
between 20% and 25% (57).   

 Factor V and VIII defi ciency 

 The combined defi ciency of FV and FVIII, also 
known as F5F8D or FV  �  FVIII, is a rare autosomal 
recessive bleeding disorder (1:1,000,000) attribut-
able in up to 70% of the cases to null mutations in 
the ERGIC-53 gene, also known as LMAN1 (lectin 
mannose binding protein), which encodes an endo-
plasmic reticulum (ER)-Golgi intermediate com-
partment (ERGIC) marker protein. Less frequently, 
in nearly 15% of cases, the pathology can also be 
determined by mutations in another gene, the 
MCFD2 (multiple coagulation factor defi ciency 2), 
which encodes a co-factor of LMAN1 (58). Both 
proteins are involved in the intracellular transport of 
FV and FVIII. At variance with other rare bleeding 
disorders, F5F8D is thereby determined by ineffec-
tive processing of the proteins rather than by specifi c 
mutations in the FV and FVIII genes. 

 Phenotypically, F5F8D is characterized by con-
comitantly low levels (i.e. 5% to 20%) of the two 
separate clotting factors and is associated with a mild 
to moderate bleeding tendency, but the residual 
plasma levels of both FV and FVIII are usually suf-
fi cient to prevent severe hemorrhages. The most fre-
quent symptoms include bruising, epistaxis, gum 
bleeding, menorrhagia, hemorrhages after surgery, 
dental extraction, and trauma (58). The main labora-
tory fi ndings include a combined prolongation of 
both PT and APTT, while demonstration of reduced 
coagulant activity of both FV and FVIII is necessary 
for diagnosis. 

 The differential diagnosis of F5F8D with a FV 
defi ciency or mild hemophilia A or even a FV defi -
ciency associated with mild hemophilia A is assisted 
by assessment of the genetic transmission (hemo-
philia A is X-linked), the type and severity of bleed-
ing, and relative levels of each factor. As for the 
therapeutic approach, the bleeding in F5F8D patients 
is usually treated according to the nature of the 
hemorrhage and the plasma levels of the coagulation 
factors, and the disorder does not require regular 
prophylaxis. Replacement therapy is that already 
described individually for mild hemophilia A and FV 
defi ciency (58).   

 Factor VII defi ciency 

 FVII defi ciency is reportedly the most common 
among the rare congenital coagulation disorders 
(1 case per 500,000 in the general population; rela-
tive prevalence among rare bleeding disorders: 
34.4%) and is typically transmitted as an autosomal 
recessive disorder (59). Type 1 defi ciency results 
from decreased biosynthesis or accelerated clear-
ance, while type 2 abnormalities are characterized by 
the presence of a dysfunctional molecule in plasma. 
The clinical phenotypes of FVII defi ciency are rather 
heterogeneous, ranging from asymptomatic to severe 
disease. To investigate the relationship between clin-
ical phenotype, clotting activity (FVIIc), and FVII 
genotype, Mariani et al. carried out a multicenter 
study of FVII congenital defi ciency with centralized 
genotyping and specifi c functional assays, fi nally 
proposing a severity classifi cation for this disorder 
(60). Basically, clinical phenotypes include asymp-
tomatic conditions (also including homozygotes and 
double heterozygote carriers), miscellaneous minor 
bleedings, and patients with a severe disease charac-
terized by life-threatening and disabling symptoms 
(important surgical bleeding, hemarthrosis, central 
nervous system and gastrointestinal hemorrhages). 

 The fi nal classifi cation is based on the nature and 
number of the symptoms included, with severely 
affected patients having a median FVIIc concentra-
tion of 1.4% (interquartile range (IQR) 0.9% – 3.8%), 
those moderately affected displaying a median 
FVIIc concentration of 3% (IQR 1% – 21.7%), and 
those considered  ‘ mild bleeders ’  having a median FVIIc 
concentration of 14% (IQR 3% – 31%). This classifi ca-
tion was further supported by a signifi cantly different 
prevalence of homozygote or double heterozygote 
carriers among the different classes of severity (severe: 
98%, moderate: 84%, mild bleeders: 56%). Most 
interestingly, homozygote carriers for an identical 
mutation and with nearly overlapping FVIIc and FXa 
generation levels were characterized by substantially 
discordant clinical phenotypes, so that it was concluded 
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that additional environmental and/or inherited 
factors might modulate the expressivity of the FVII 
defi ciency (59,60). 

 Importantly, an excess of symptomatic women 
(experiencing menorrhagia, easy bruising, and gum 
bleeding) among carriers of inherited FVII defi -
ciency has been reported in the International Regis-
try on Congenital Factor VII Defi ciency as compared 
with men (61). 

 The laboratory features of patients with FVII 
defi ciency typically show a variable prolongation of 
PT in the presence of normal values of the APTT 
(Figure 4). The fi nal diagnosis is made by demon-
stration of isolated reduction of FVIIc in plasma. 
However, different thromboplastins used for the 
FVIIc clotting assay as well as the residual levels 
of FVII in the substrate used for the assay might 
infl uence the diagnostic performances (i.e. the 
sensitivity) of the assay (62). 

 The differential diagnosis between inherited and 
acquired FVII defi ciency (e.g. due to vitamin K defi -
ciency, vitamin K antagonist therapy, or liver dis-
ease), is usually based on the presence of an isolated 
reduction of FVII with normal levels of the other 
vitamin K-dependent factors (FII, FIX, and FX) 
(63,64). The clinical management of patients with 
inherited FVII defi ciency is particularly challenging 
due to uncertainty regarding minimal FVII levels 
needed to avoid bleeding in different clinical situa-
tions, the lack of a signifi cant correlation between 
bleeding phenotype and FVIIc clotting levels, the 
frequent onset of surgery-related bleeding, and the 
more severe presentation in affected women as com-
pared with men (61). Accordingly, although several 
treatment options are available for this disorder, 
including plasma-derived FVII concentrates and 
recombinant activated FVII (rFVIIa), prophylaxis 
and treatment (i.e. optimal dosages and administra-
tion times) of bleeding episodes still have to be 
clearly defi ned, and the clinical management must 
be individualized for the single patient. It is, how-
ever, generally accepted that unlike the hemophilias, 
prophylaxis might not be routinely administered to 
FVII-defi cient patients, and it must be limited to 
unweaned infants prone to severe and frequent 
bleedings, in patients with recurrent hemarthrosis, 
and in women with severe menorrhagia with con-
comitant iron defi ciency anemia (61). Excessive 
menstrual bleeding in women with FVII defi ciency 
may also be controlled with hormonal contraceptives 
(birth control pills) or anti-fi brinolytic drugs (50).   

 Factor X defi ciency 

 Factor X (FX) defi ciency has an estimated preva-
lence of 1 in 1,000,000 in the general population 

(65). A concomitant reduction of functional and 
antigen levels typically indicates a type I defi ciency 
caused by defective synthesis or ineffective protein 
secretion, whereas a discrepancy between functional 
(low) and antigen (normal or only mildly reduced) 
levels is suggestive for a type II defi ciency, which 
globally resembles the effect of the new direct 
activated FX inhibitors (DFXaI). 

 Although patients with FX defi ciency have a 
highly variable hemorrhagic phenotype, the bleeding 
symptoms are usually more accentuated than in 
other rare inherited coagulation disorders, due to the 
central role of FX in hemostasis (Figure 1). Thus, 
severely affected patients (i.e. FX plasma levels 
 � 1%) can manifest early with life-threatening hem-
orrhages such as those involving the umbilical cord 
or the central nervous system. Hemarthrosis, hema-
tomas, gastrointestinal bleeding, menorrhagia, and 
hematuria might also frequently occur. 

 Conversely, patients with mild to moderate 
FX defi ciency (i.e. FX plasma levels between 5% 
and 20%) bleed characteristically after hemostatic 
challenges such as trauma or surgery (65). From a 
laboratory perspective, combined prolongation of 
PT and APTT in association with a reduced FX 
clotting activity (but normal levels of other vitamin 
K-dependent clotting factors) might be suffi cient for 
a correct diagnosis of FX defi ciency. 

 There is no specifi c FX concentrate available, 
either derived or recombinant, so that the treatment 
of patients with FX defi ciency is still based on the 
administration of FFP or prothrombin complex con-
centrates (PCCs) containing FX, although this 
option should be carefully considered for the risk of 
thromboembolic complication due to the high con-
centrations of FII, FVII, and FIX in these prepara-
tions. Although the minimum FX levels necessary 
for effi cient hemostasis as well as the dose and the 
frequency of administration of replacement therapy 
remain to be established, a residual plasma FX level 
of 5% might be suffi cient to achieve 50% of thrombin 
generation and prevent serious bleeding (65).   

 Factor XI defi ciency 

 Hereditary FXI defi ciency is an autosomal bleeding 
disorder with a prevalence of 1 in 1,000,000 in the 
general population, although its frequency is remark-
ably higher among Ashkenazi Jews (1 every 450 
individuals) (66). As for other inherited disorders, 
the concordance or discordance between FXI anti-
gen and activity levels determines the classifi cation, 
which can be type I (activity and antigen levels both 
reduced) or type II (dysfunctional, normal to mod-
erately reduced activity levels in the presence of a 
normal antigen concentration). 
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 The disorder is also known as hemophilia C, 
since it was discovered in 1953 by Rosenthal and 
colleagues as the third hemorrhagic disease after 
hemophilia A and B. The disease is less clinically 
severe compared with the other forms of hemophilia, 
and the onset of hemorrhages is usually related to 
trauma or invasive procedures. Nevertheless, the 
bleeding tendency in patients affected by FXI 
defi ciency is very subjective and thereby highly 
unpredictable. Notably, the bleeding phenotype 
is correlated with the site of injury and not with the 
genotype. 

 The sites most affected by bleeding are mainly 
those with local high fi brinolytic potential (e.g. uro-
genital tract, oral cavity after dental extraction or 
tonsillectomy), where hemorrhages might be rela-
tively frequent (50% to 70%) as compared with 
other sites (1% to 40%) (66). This peculiarity has 
been explained by the fact that FXI is strongly 
involved in the activation of TAFI, a protein neces-
sary for attenuating fi brinolysis and thereby stabiliz-
ing the clot. As mirrored by the biological function 
of FXI in blood coagulation, the typical laboratory 
fi nding is a prolonged APTT associated with a 
normal PT. 

 The fi nal diagnosis requires the determination of 
FXI plasma levels, which is also helpful for establish-
ing the severity of the disease (i.e. severe defi ciency 
is defi ned by FXI levels  � 15% – 20%). The assess-
ment of the plasma antigen concentration might be 
necessary to distinguish between quantitative and 
qualitative defects (66). 

 Patients with severe forms of FXI defi ciency are 
usually managed with fresh-frozen plasma to obtain 
FXI plasma activity levels of 40%. FXI concentrates 
are also available, but their use has been questioned 
especially in the elderly and in patients with cardio-
vascular disease or surgery due to the intrinsic 
thrombotic potential. Due to the biological interplay 
between FXI and fi brinolysis, patients with FXI defi -
ciency undergoing surgery might also benefi t from 
the administration of anti-fi brinolytic agents such as 
tranexamic acid or epsilon aminocaproic acid (66).   

 Factor XII defi ciency 

 Although FXII is a coagulation protein that is essen-
tial for surface-activated blood coagulation tests (e.g. 
APTT), its defi ciency is not associated with a bleed-
ing tendency (67). Nevertheless, FXII defi ciency is 
still worthwhile mentioning here because it repre-
sents the most frequent cause (up to one-third) of 
prolonged APTT in daily laboratory practice (68). 
As such, the recognition of this coagulation disorder 
might be advantageous for the clinical management 
of these patients, in that it would prevent additional 

analyses and prolonged hospitalization in order to 
troubleshoot the cause of a prolonged APTT during 
hospital admissions, as well as the inadvertent treat-
ment of such patients to correct their prolonged 
APTTs. 

 Although the incidence of FXII defi ciency is 
estimated at 1 in 1,000,000 this should be confi rmed 
given the high laboratory detection rate. FXII 
defi ciency is inherited as an autosomal recessive con-
dition. Even patients with virtually undetectable 
plasma FXII levels are completely asymptomatic 
and, in most cases, are diagnosed by chance or dur-
ing pre-screening blood tests for surgery. The typical 
laboratory features are represented by a prolonged 
APTT in the presence of a normal PT. The quanti-
fi cation of residual FXII clotting activity in plasma 
is necessary to confi rm the initial diagnosis. Being a 
 ‘ benign ’  condition, treatment of carriers, even in the 
homozygous state, is unnecessary. There are some 
suggestions that FXII defi ciency might instead pre-
dispose to thromboembolic complications, but this 
has not been defi nitely established.   

 Factor XIII defi ciency 

 The general frequency of FXIII defi ciency is very 
low, being estimated at 1 in 2,000,000 (69). The 
clinical features and bleeding tendency vary widely 
according to the plasma FXIII levels, although 
patients affected by severe defi cit (i.e. plasma FXIII 
levels  � 3%) might experience serious and frequent 
hemorrhages, including umbilical bleeding (80%), 
superfi cial bruising (60%), subcutaneous hematoma 
(55%), mouth and gums hemorrhages (30%), intrac-
ranial hemorrhage (30%), and/or hemarthrosis (24%). 
Other forms of bleeding are rarer ( � 15%), as are peri-
operative hemorrhages. Nevertheless, severe bleeding 
complications have been reported in patients with 
severe defi ciency undergoing abdominal, gynecologic, 
plastic, urologic, and neurologic surgery. 

 Due to the important role of FXIII in wound 
healing, a typical feature of this disease is represented 
by abnormal scar formation, which might be present 
in up to one-third of affected patients (69). The diag-
nosis of FXIII defi ciency represents a major chal-
lenge for the hemostasis laboratory, because both the 
PT and APTT are normal in these patients (Figure 4). 
Accordingly, it is the clinics that should primarily 
guide the diagnostic reasoning (e.g. abnormal bleed-
ing in a patient with normal routine coagulation 
tests, exclusion of other defects of both primary and 
secondary hemostasis, presence of abnormal scars). 
The demonstration of reduced FXIII plasma levels 
using a quantitative FXIII activity assay might be 
suffi cient for the diagnosis, although this assay is not 
routinely performed by most laboratories. 
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 The characterization of the disorder might also 
require further complicated testing, such as the mea-
surement of FXIII-A2B2 antigen concentration in 
plasma, measurement of FXIII-A and FXIII-B in 
plasma and FXIII-A in platelet lysate, and sodium 
dodecyl sulfate – polyacrylamide gel electrophoresis 
(SDS-PAGE) of cross-linked fi brin (69). Heterozy-
gous carriers of FXIII defi ciency (i.e. those with 
FXIII plasma levels  ∼ 50%) do not usually require 
therapy. Conversely, due to the high risk of sponta-
neous hemorrhages, life-long prophylaxis might be 
recommended in patients severely affected (i.e. those 
with FXIII plasma levels  � 3%). Whole blood, FFP, 
and cryoprecipitate have been classically used as 
adequate sources of FXIII for the management and 
treatment of this defi ciency. Nevertheless, the avail-
ability of plasma FXIII concentrate containing 
FXIII-A2B2 is now recommended as the treatment 
of choice for reasons of both effi cacy and safety. A 
new recombinant FXIII-A2 concentrate (rFXIII-
A2) has also become available and holds promise as 
a suitable alternative to FXIII concentrate (69). 
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