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Rare congenital bleeding disorders
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Abstract: The rare congenital bleeding disorders are a heterogeneous group of diseases which include 
deficiencies of fibrinogen, prothrombin and factors V, V + VIII, VII, X, XI and XIII. They are usually 
transmitted as autosomal recessive disorders, and the prevalence of the severe forms ranges from one case 
in 500,000 for factor VII up to one in 2,000,000 for factor XIII in the general population. Patients with rare 
congenital bleeding disorders may have a broad spectrum of clinical symptoms, ranging from mucocutaneous 
bleeding to life-threatening haemorrhages, such as those occurring in the central nervous system. The 
treatment of these disorders is based principally on the replacement of the deficient factor using, when 
available, specific plasma-derived or recombinant products. The aim of this narrative review is to summarise 
current knowledge about these rare bleeding conditions.
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Introduction

The rare inherited bleeding disorders, usually transmitted 
in an autosomal recessive manner, account for 3–5% of all 
the inherited deficiencies of coagulation factors and include 
fibrinogen, factor (F) II, FV, FV + FVIII, FVII, FX, FXI 
and FXIII deficiencies (1-4). Their world distribution is 
variable, with the prevalence of the presumably homozygous 
forms in the general population ranging from approximately 
one case in 2–3 million for FII and FXIII deficiencies (the 
rarest) to one in 500,000 for FVII deficiency (the most 
common) (Table 1) (5). Rare bleeding disorders have been 
described in most populations, with a higher frequency 
in those in which consanguineous marriages are common  
(6-8). There are considerable differences in bleeding 
patterns among patients with rare bleeding disorders but, 
generally speaking, severe bleeding, such as that involving 

the central nervous and musculoskeletal systems, appears to 
be less frequent than in these disorders than in congenital 
haemophilia (9,10).

Coagulation screening tests, including the activated 
partial thromboplastin time (APTT), the prothrombin time 
(PT) and the thrombin time (TT), are the current basis 
for the laboratory diagnosis of rare congenital bleeding 
disorders in patients reporting a personal and family history 
of bleeding (10). In the case of abnormal results of the 
screening tests, coagulation factor assays should then be 
performed in order to identify the specific factor deficiency. 
A subsequent search for mutations of the genes encoding 
the corresponding coagulation factors may then provide the 
molecular diagnosis (4). Genetic analysis is also important 
for antenatal and pre-implantation diagnosis, especially in 
those countries in which the rates of these rare bleeding 
disorders and consanguinity are high (10).
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The treatment of rare congenital bleeding disorders is 
seldom easy, as information from literature on their clinical 
management is generally scarce and replacement therapy 
with specific clotting factor concentrates is not always 
available (11). Dosage and treatment frequency depend on 
the minimal haemostatic level of the deficient factor that 
must be achieved, the factor’s plasma half-life and the type 
of bleeding to be treated or prevented. In this narrative 
review we summarise the main characteristics of each 
specific coagulation factor defect (Table 1).

Fibrinogen (FI) deficiency

FI is a 340 kDa glycoprotein that is synthesised in the 
liver. The plasma concentration of this clotting factor is 
approximately 1.5–3.5 g/L and its half-life is about 4 days. 
The FI molecule is a homodimer, each half consisting of a 
trimer of different polypeptide chains named Aα, Bβ and 
γ. The three genes encoding for FI Bβ (FGB), Aα (FGA) 
and γ (FGG), ordered from centromere to telomere, are 
clustered in a region of approximately 50 kilobases (kb) on 
chromosome 4. Fibrin is produced by proteolytic cleavage 
of FI by thrombin with the release of fibrinopeptides A and 
B and generation of insoluble fibrin monomers followed 
by polymerisation (10). FI is also important in primary 
haemostasis for normal platelet aggregation. Inherited FI 
disorders are classified according to whether a quantitative 

deficiency is complete or partial (afibrinogenemia and 
hypofibrinogenaemia, respectively) or whether there 
are abnormal circulating molecules without or with an 
associated true quantitative deficiency (dysfibrinogenaemia 

or hypodysfibrinogenemia) (12).
Whereas the majority of patients with hypofibrinogenaemia, 

dysfibrinogenaemia or hypodysfibrinogenemia are usually 
asymptomatic or have minimal symptoms, afibrinogenemic 
patients may have a severe bleeding tendency that usually 
manifests in the neonatal period, with umbilical cord 
bleeding occurring in 85% of cases (12). There may also be 
bleeding in the skin, gastrointestinal tract, genito-urinary 
tract or the central nervous system. Afibrinogenemic 
women may experience menometrorrhagia; first-trimester 
abortions are common and postpartum bleeding is relatively 
frequent when no prophylactic replacement therapy is 
given (13). Thromboembolic complications have been 
reported in afibrinogenemic patients, often independently 
of replacement therapy, and are probably triggered by 
excessive thrombin generation (14).

With regards to replacement therapy, three products T
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are available: fresh-frozen plasma, cryoprecipitate and 
FI concentrate (15). This last is the treatment of choice 
because it is virally inactivated and, therefore, safer than 
cryoprecipitate or fresh-frozen plasma. The conventional 
treatment is on-demand, with the FI being administered 
as soon as possible after the onset of a bleed; however, 
there are also reports of effective, long-term secondary 
prophylaxis (especially after central nervous system 
bleeding) achieved through the administration of FI 
every 7–14 days (15,16). Prophylactic treatment appears 
to be necessary for successful completion of pregnancy: 
FI replacement must be begun by no later than 5 weeks’ 
gestation to prevent abortion and to maintain FI levels  
>100 mg/dL throughout the pregnancy (a level >150 mg/dL 
is recommended for delivery) (17).

Prothrombin deficiency

Prothrombin (FII), one of the vitamin K-dependent 
coagulation factors, is a 72 kDa single-chain glycoprotein 
that is synthesised in the liver. It requires post-translational 
carboxylation to become functionally active. Prothrombin 
consists of four domains, the Gla domain, kringle 1 and 
kringle 2 domains and a serine protease domain, and is 
encoded by a gene of approximately 21 kb located on 
chromosome 11. FXa activates prothrombin on the surface 
of platelets in the presence of FV and calcium. During 
cleavage of prothrombin an activation peptide, fragment 
1+2, is released (18).

Prothrombin deficiency is probably the rarest inherited 
bleeding disorder since its estimated prevalence is one case 
in 2 million persons in the general population. Two main 
phenotypes can be distinguished based on prothrombin 
activity and antigen level: hypoprothrombinaemia (both 
activity and antigen levels are concomitantly low) and 
dysprothrombinaemia (normal or near normal synthesis of a 
dysfunctional protein) (10).

While a complete FII deficiency appears to be 
incompatible with life (19), homozygotes with activity 
levels below 10% of normal experience severe bleeding 
manifestations, such as spontaneous haematomas and 
haemarthroses, intracerebral bleeding, gastrointestinal 
haemorrhages  and gynaecological  b leeding (10) . 
Heterozygotes with prothrombin deficiency are usually 
clinically asymptomatic (18).

Patients with a prothrombin coagulant activity above 
20% usually do not require replacement therapy, but 
antifibrinolytic agents may be considered. Replacement 

therapy is needed only in homozygous patients, in the 
case of bleeding or to ensure adequate prophylaxis prior 
to surgical interventions. Since there is no prothrombin 
concentrate, prothrombin complex concentrates are used 
to treat patients (11,16,20). These concentrates have the 
advantage, over fresh-frozen plasma, of not carrying the risk 
of volume overload.

Factor V deficiency

FV has a dual role in coagulation: it is a non-enzymatic 
cofactor required by the prothrombinase complex for 
the generation of thrombin, but it also contributes to the 
anticoagulant pathway by down-regulating FVIII activity. 
FV deficiency may, therefore, result in either a bleeding or 
thrombotic tendency (21-23). The majority of patients with 
FV deficiency have concomitant deficiency of FV activity 
and antigen levels (type I deficiency), but approximately 
25% have normal antigen levels with a dysfunctional 
protein (type II deficiency). The gene coding for FV is large  
(80 kb) and complex (25 exons) and is located on 
chromosome 1. This clotting factor is synthesised by 
hepatocytes and megakaryocytes (24) and, although most 
FV is circulating in the plasma, about 20–25% is present 
within platelet α-granules (24).

Frequent symptoms in patients with FV deficiency are 
epistaxis and menorrhagia, which occur in approximately 
50% of cases. Other, less frequent symptoms, include 
haemarthroses and haematomas, which occur in about 25% 
of patients. Life-threatening bleeds in the gastrointestinal 
tract or central nervous system are rare (21). Notably, the 
bleeding tendency does not correlate well with the FV level, 
which may be due to the compensation by platelet FV.

FV can only be replaced through the administration 
of fresh-frozen plasma, preferably virus-inactivated  
(25-28), because no FV concentrate is available and FV is 
not contained in significant amounts in cryoprecipitate or 
prothrombin complex concentrates (29).

Combined factor V and factor VIII deficiency

Combined FV and FVIII deficiency is an autosomal 
recessive bleeding disorder with an incidence of about 
one case in a million, and is a clinical entity distinct from 
FV deficiency and FVIII deficiency (5). The molecular 
mechanism of this association was not understood until 
1998 (30), when the combined deficiency was causally 
associated with mutations in LMAN1 (lectin mannose 
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binding protein, previously named ERGIC-53), a gene 
located on chromosome 18 which codes for a 53 kDa type-
1 transmembrane protein that acts as a chaperone in the 
intracellular transport of both factors (31,32). In 2003, 
another locus associated with the combined deficiency was 
identified in approximately 15% of affected families with no 
mutations in LMAN1: the MCFD2 (multiple coagulation 
factor deficiency 2), located on chromosome 2. This gene 
encodes the MCFD2 protein that acts as a cofactor for 
LMAN1 through the recruitment of correctly folded FV 
and FVIII in the endoplasmic reticulum (33,34).

Combined FV and FVIII deficiency is characterised 
by concomitantly low levels (usually 5–20%) of both the 
coagulant activity and antigen of the two coagulation 
factors. The simultaneous presence of both coagulation 
defects does not appear to enhance the haemorrhagic 
tendency observed in subjects with either of the separate 
defects. The most frequent symptoms, which are usually 
mild, are easy bruising, epistaxis, and bleeding after dental 
extractions. Menorrhagia and post-partum bleeding 
have also been reported in affected women. More severe 
symptoms, such as haemarthroses and umbilical cord 
bleeding, are observed very rarely, and gastrointestinal and 
central nervous system bleeds have been reported in only a 
few patients. Soft-tissue haematomas are unusual (35).

As there are no FV concentrates available, FV can 
currently only be replaced through the administration of 
fresh-frozen plasma, preferably with a virus-inactivated 
product (36). In contrast, a large number of products that 
replace FVIII are available: furthermore, the synthetic 
hormone desmopressin (DDAVP) can be used to raise 
FVIII levels in minor bleeding episodes.

Factor VII deficiency

FVII is another vitamin K-dependent glycoprotein 
of approximately 50 kDa. It is synthesised in the liver 
and encoded by the F7 gene located on chromosome 
13. Through its interaction with tissue factor, FVII is 
fundamental for the initiation of coagulation (37,38). The 
levels of FVII activity (FVII:C) and antigen (FVII:Ag) 
in the plasma are affected by a number of genetic and 
environmental influences (F7 polymorphisms, gender, age, 
cholesterol and triglyceride concentrations). FVII deficiency 
is the most common autosomal recessive coagulation 
disorder (prevalence of 1 case in 500,000). Most affected 
patients have concomitantly low levels of FVII:C and 
FVII:Ag, although some subjects have normal or borderline 

low levels of FVII:Ag contrasting with lower levels of 
FVII:C (39).

Symptom severity in FVII deficiency is varied and 
generally reported to correlate poorly with plasma 
levels. Some patients do not bleed at all even after major 
haemostatic challenges. Life- or limb-endangering bleeding 
is relatively rare, while epistaxis and menorrhagia are the 
most frequent symptoms (40). The incidence of central 
nervous system bleeding was found to be high (16%) in 
a series of 75 patients with FVII deficiency (37), but this 
finding was not replicated in two subsequent large series of 
Italian and Iranian patients (41,42). Thrombotic episodes 
(mostly deep vein thrombosis), have been reported in 3–4% 
of patients with FVII deficiency, particularly following 
surgery and during replacement treatment, but spontaneous 
thrombosis may also occur (43).

A number of therapeutic options can be offered to 
patients with FVII deficiency, including prothrombin 
complex concentrates, plasma-derived FVII concentrates, 
and recombinant FVIIa, which should be considered the 
optimal replacement therapy, since it can be effective at very 
low doses (10–20 μg/Kg) (44). The main limitation of this 
drug is its short half-life. Two or three infusions per week 
are, therefore, required for regular prophylaxis (45).

Factor X deficiency

FX plays a crucial role in the coagulation cascade, since this 
glycoprotein is the first enzyme in the common pathway 
of thrombin formation. FX is synthesised mainly in the 
liver and is encoded by F10, a 22 kb long gene located on 
chromosome 13 (46-48). FX deficiency is inherited as an 
autosomal recessive disorder and the incidence of the severe 
(homozygous) form is one case per million in the general 
population. Phenotypically, in FX deficiency the levels of 
coagulant activity and antigen may both be low, or there 
may be low coagulant activity with normal or borderline 
low antigen values (47).

Bleeding in patients with FX deficiency may appear 
at any age, although those affected more severely (FX:C 
<1%) present early in life with bleeding from the umbilical 
cord stump. Furthermore, patients with severe deficiencies 
also commonly have recurrent haemarthroses. The most 
common bleeding symptoms reported in patients with 
all levels of severity of FX deficiency are epistaxis and 
menorrhagia (49-52).

The treatment of patients with FX deficiency is based 
on the administration of fresh-frozen plasma, prothrombin 
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complex concentrates, or a freeze-dried human coagulation 
FIX/FX concentrate. Recently, a novel high-purity plasma-
derived FX concentrate has been developed (16). Even 
though the concentration of FX rises during pregnancy, 
women with severe FX deficiency and a history of adverse 
pregnancy outcomes (e.g., abortion, abruptio placentae 
or premature labour) may benefit from prophylactic 
replacement therapy (53).

Factor XI deficiency

FXI is a dimeric serine protease that is synthesised mainly in 
the liver. It is encoded by the 23 kb long F11 gene located 
on chromosome 4 (54). FXI deficiency is characterised 
by a decrease of the functional activity of this plasma 
protein, usually together with correspondingly low levels of 
FXI:Ag. More rarely, plasma FXI:Ag levels are normal or 
borderline but there is a dysfunctional form of the protein. 
The estimated prevalence of severe FXI deficiency in most 
populations is about 1:1,000,000, but the prevalence is 
reported to be much higher in Ashkenazi Jews, in whom the 
prevalence of heterozygosity for FXI deficiency is as high as 
8% (55,56).

Bleeding manifestations in FXI deficiency, even in severe 
cases, are much less predictable than those in haemophilia 
A or B. The bleeding phenotype is not correlated with the 
genotype but is related to the site of injury. In cases of injury 
to a site with high local fibrinolytic activity (e.g., urogenital 
tract, oral cavity after dental extraction or tonsillectomy), 
the risk of bleeding is higher (49–67%) than in sites with 
less local fibrinolytic activity (1.5–40%) (57). Patients with 
severe FXI deficiency (FXI:C ≤1%) usually have only 
mild symptoms with bleeding being mainly injury-related. 
Surprisingly, patients with low but measurable levels of 
FXI also have mild bleeding, so the clinical phenotypes of 
these two groups of patients are not strikingly different. 
This observation, already made for Jewish patients, was 
recently confirmed in a series of non-Jewish Iranians with 
severe or moderate FXI deficiency (FXI:C <1% to 5%) and 
in subjects with mild deficiency (FXI:C 6% to 30%) (58). 
Females with FXI deficiency are prone to excessive bleeding 
during menstruation, but case series of women with severe 
FXI deficiency showed that 70% of pregnancies were 
uneventful, even in the absence of prophylaxis (59,60). 
Patients with alloantibodies that inhibit FXI also do not 
bleed spontaneously, with manifestations occurring only 
during surgery or trauma. Patients with inhibitors treated 
with fresh-frozen plasma or FXI concentrates can have 

prolonged bleeding following surgery if the inhibitors are 
not detected prior to surgery and appropriate management 
instituted (61).

Trea tment  i s  ba sed  on  the  admin i s t r a t ion  o f 
antifibrinolytic agents, fresh-frozen plasma, plasma-derived 
FXI concentrate and recombinant FVIIa, but attention 
should be given to minimising the risk of complications, 
such as thrombotic events (especially when FXI concentrates 
are employed), volume overload, allergic reactions, and 
the development of inhibitors (54). As patients with severe 
FXI deficiency can develop excessive and prolonged 
bleeding following surgery, unless adequately managed, it 
is recommended that these patients are evaluated carefully 
prior to surgery, and that the procedure and post-operative 
period are planned meticulously.

Factor XIII deficiency

FXIII is the last enzyme to be activated in the coagulation 
cascade. This transglutaminase crosslinks α- and γ-fibrin 
chains, thereby resulting in a stronger clot with greater 
resistance to fibrinolysis. The factor circulates in the plasma 
as a heterotetramer of two catalytic A subunits (FXIII-A) 
and two carrier B subunits (FXIII-B). FXIII-A is produced 
in cells of bone marrow origin, while FXIII-B is synthesised 
in the liver. The genes encoding for FXIII-A and FXIII-B 
are located on chromosomes 6 and 1, respectively. FXIII 
deficiency, together with prothrombin deficiency, is 
probably the rarest of the recessively inherited clotting 
factor deficiencies (estimated prevalence: 1 case in 2,000,000 
individuals) (62,63). Plasma levels of FXIII-A, measured as 
functional activity or immunoreactive protein, are usually 
extremely low in inherited FXIII deficiency, whereas levels 
of the FXIII-B subunit are reduced but always remain 
measurable (62).

Patients with FXIII deficiency usually have a severe 
haemorrhagic tendency, with early onset of life-threatening 
symptoms such as umbilical cord bleeding, which occurs in 
the first few days of life in approximately 80% of patients, 
and central nervous system bleeding, which occurs in up to 
30% (64). Bruising, haematomas, delayed wound healing 
and prolonged bleeding after trauma are also typical. 
Although less frequent, bleeding into joints and muscles 
may occur unexpectedly. As far as concerns the mucosa, the 
most frequent manifestation in a study of a large group of 
Iranians with severe FXIII deficiency (n=93) was bleeding in 
the oral cavity (lips, tongue, gums) followed by menorrhagia 
and epistaxis (65). Twenty percent of women of reproductive 
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age had intraperitoneal bleeding that occurred at the time of 
ovulation, while 50% of women who became pregnant had 
at least one miscarriage (65). The same pattern of symptoms 
was also recently documented by Ivaskevicius et al. who drew 
on mostly European data in an international registry (66).

Given the clinical severity of the symptoms of FXIII 
deficiency, regular prophylaxis is advisable (62). This 
strategy is facilitated by the fact that FXIII levels as low 
as 2% to 5% can provide haemostasis and that the plasma 
half-life of infused FXIII is very long (11–14 days), so 
that replacement factor can be infused at long intervals 
(20–30 days) (67). Monthly prophylactic infusions of FXIII 
concentrate are necessary during pregnancies to prevent 
abortions. There are three types of FXIII-containing 
products: fresh-frozen plasma (preferably virus-inactivated), 
a plasma-derived, virus-inactivated FXIII concentrate and 
a new recombinant FXIII-A2 concentrate that contains no 
human or mammalian proteins (67,68).

Conclusions

The clinical expression of rare congenital bleeding 
disorders is extremely variable and both their diagnosis 
and treatment may be major challenges for physicians. 
Given the particular complexity of their management, it is 
important that, once diagnosed, patients with rare inherited 
bleeding disorders are followed at specialised haemophilia 
treatment centres. Although considerable knowledge on the 
prevalence, clinical manifestations and genotypic features 
of rare inherited bleeding disorders has been acquired 
in the last decade, additional efforts are needed to raise 
the level of global care of affected patients. In particular, 
while further appropriately designed studies are required, 
national and international registries on congenital bleeding 
disorders should continue to collect information, since this 
is crucial for improving the management and, ultimately, 
the quality of life of these very rare patients (69-71). Finally, 
pharmaceutical research should devote more effort to 
increasing the availability and quality of factor concentrates 
for these disorders.
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