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Introduction
Haemophilia C is characterised by a deficiency of the 

coagulation factor XI[1]. It is a sporadic bleeding disorder that 
was first described in 1953 in a Jewish family[1]. The prevalence 
of this disorder has been reported to be one in 100,000 in 
the United States. The prevalence is significantly higher in 
Ashkenazi Jews with 8% of the population are said to have 
factor XI deficiency[2]. The bleeding tendency in the affected 
individuals is variable when compared to the well-established 
and characterised forms of Haemophilia with both males and 
females are affected.Poor correlation has been reported between 
the levels of factor XI and bleeding severity[3]. It has been 
shown that in patients with severe factor XI deficiency no severe 
bleeding was observed, whereas, some patients with moderate 
factor XI deficiency bleed following surgical procedures[4].

In the classical coagulation cascade activation of factor XI is 
mediated by the contact phase factors of the intrinsic pathway, 
the contact factor complex includes factor XII, high-molecular-
weight kininogen and prekallikrein[5]. However, recent evidence 
demonstrates that factor XI is activated by thrombin generated 
by tissue factor activation[1]. Furthermore, it has been suggested 
that factor XI plays a role in thrombin generation and thrombus 
formation[1]. 

Biology and Role of Factor XI
The gene encoding for coagulation FXI is located on 

chromosome 4 and consists of 15 exons and 14 introns[6]. FXI  

 
is composed of two 80-kDa exact polypeptide subunits bound 
together by a disulphide bond. Within FXI molecule each subunit 
contains a catalytic domain and four apple domains (A1-A4). The 
A1 domain encompasses the binding site for prothrombin and 
high molecular weight kininogen (HMWK)[2]. A3 contains FXI 
binding site as well as the binding site for platelet glycoprotein 
Ib(GpIb)[7]. A4 consists of a residue for the disulphide bond that 
links the FXI subunits and a binding site for FXII[1]. The primary 
production site of FXI is the liver with reported circulating levels 
of 5mg/L or 50% - 150% activity[8]. Typically, FXI circulates as 
a zymogen complexed with HMWK the activated form of FXI is a 
serine protease[9].

In the classical waterfall model of the coagulation cascade FXI 
plays an essential role in the intrinsic pathway of the coagulation 
process[10]. It is well established that contact with negatively 
charged surfaces in the presence of prekallikrein and HMWK 
leads to the activation of FXII[11]. Activated FXII (FXIIa) then 
activates FXI[11]. In the presence of Ca2+FXIaactivates FIX[12]. 
The combination of FIXa and its cofactor VIII also known as Xase 
activate FX which leads to thrombin generation and conversion 
of fibrinogen into fibrin monomer; the coagulation cascade is 
shown in Figure 1[12].

The coagulation (blue arrows) can be activated during 
hemostasis through the intrinsic path (contact system, red 
arrows) or the outer path (grey arrows) that eventually converge 
towards the common coagulation pathway. Both ways activate 
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factor X and then thrombin, necessary to convert fibrinogen 
into fibrin and activate factor 13. The fibrin clot is overlapped 
and stabilized by factor 13. Fibrinolysis is stimulated at the 
same time as the coagulation system but works more slowly 
and is important to regulate hemostasis. During the dissolution 
of fibrin, plasmogenis converted to plasmin which degrades 

the fibrin network. Coagulation factors are indicated by “F” 
followed by a Roman numeral, an additional “a” indicates the 
activated form; HK, molecular weight kininogen; uPA, urokinase 
plasminogen activator. tPA, plasminogen tonic tonic Adopted 
from[13].

Figure 1: Diagram of the coagulation cascade and fibrinolytic system.

The revised waterfall model of coagulation suggests that FXI 
contributes to the amplification of thrombin generation[12]. It 
has been shown that thrombin activates FXI in the absence of 
FXII, which leads to further thrombin generation and sustainable 
thrombus formation. Furthermore, it was demonstrated that FXI 
is required for thrombin generation in the absence or at low 
concentrations of tissue factor. Therefore, it is apparent that FXI 
is essential for thrombin generation and sustainable thrombus 
formation [12].

Mutations Leading to Factor XI deficiency 

The gene encodes factor XI is located at position 34 on 
the long arm of chromosome 4[2].There are 15 exons and 14 
introns that make up the gene. Genetic sequencing and analysis 
revealed several mutations including nonsense, insertion, splice 
site, deletion and missense within factor XI gene[2]. However, 
the most commonly found mutationsare categorised into 
three types. Type I is a splice mutation in the last intron of the 
gene, this type of mutation is uncommon in the Jewish patient 
population but common in the non-Jewish patients[2]. TypeIIis 
characterised by a Glu 177 stop mutation and type III mutation 
which results from amino acid substitution Phe283Leu. 
Phe283Leu mutation leads to reduced production of FXI due 
to defective dimer formation[2]. Type II and type III mutations 
are the most common cause of FXI deficiency in Jews. Other 

genetic mutations reported include Cys38Arg which was found 
in France mainly Basque region and Cys128Ter was common in 
UK patients of non-Jewish origin[2].

Bleeding Tendency
Many FXI deficient patients are asymptomatic and do not 

experience bleeding episodes[14]. However, physical injury and 
trauma resulting from surgical procedures or physical activity 
can trigger bleeding particularly in the nose, tonsils and mouth 
as these sites contain fibrinolytic system activators. Indeed, a 
study by Salomon et al. reported bleeding in 49 - 67% of patients 
with severe FXI deficiency post-surgery involving tissue rich 
in fibrinolytic activity[15]. A study by Peyvandiaet al. [16] 
reported post-operative bleeding in 66% of Iranian FXI deficient 
patients[16]. In contrast, it has been notified that no bleeding in 
severely FXI deficient patients after trauma[6].

Diagnosis 
The majority of FXI deficient patient does not exhibit specific 

symptoms that promote investigation[11]. The characteristic 
presentation is prolonged bleeding following injury or surgical 
procedure that initiates coagulation screening to investigate 
the cause of bleeding[1]. The most common laboratory finding 
is a prolonged activated partial thromboplastin time (aPTT)[1]. 
In diagnosing FXI deficiency, it is essential to record patient’s 
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bleeding history and ethnicity. Furthermore, medical history is 
essential in determining the cause of the bleeding. Low FXI levels 
are associated with liver disease because FXI is synthesised by 
the liver[1]. Also, newborns up to the age of six months usually 
have low FXI due to the limited synthetic function of the liver. 
Lupus inhibitors should be considered when investigating a 
prolonged aPTT; it has been reported that some patients with 
lupus erythematosus developed anticoagulants to FXI [17]. 
Molecular characterisation of FXI gene will allow the detection 
of the genetic mutations causing FXI deficiency, DNA sequencing 
is becoming increasingly useful in analysing the structure and 
function of the gene and allows family studies to be carried to 
identify asymptomatic members.

Therapy and Management 
It is well established that individuals with FXI deficiency 

are at risk of bleeding following surgical procedures from tissue 
with high fibrinolytic activity[15]. Therefore, it is vital that the 
appropriate therapy is applied during the haemorrhagic events. 
Currently, there are some different treatment options available 
to manage bleeding in FXI patients. 

Fresh frozen plasma
Fresh frozen plasma (FFP) is one of most commonly 

transfused haemostatic agent[18]. FFP was used to treat FXI 
deficient patient,and it remained principle treatment until the 
introduction of FXI concentrates[18]. FFP is prepared from 
donated whole blood units.It contains levels of coagulation 
factors as well as albumin and immunoglobulins[18]. It has 
been reported that a unit of FFP comprises around 35-50U/dl 
of FIX with a half-life of 45 hours. One significant disadvantage 
of FFP use was the increased risk of disease transmission and 
a large number of FFP units required to normalise FXI levels. 
The introduction of viral inactivation methods has improved the 
safety of FFP transfusion.

FXI concentrates
The development of specific FXI concentrateson replacing FXI 

deficiency have increased the efficacy of treatment and shortened 
the infusion times[19]. Currently, there are two manufacturers 
of FXI concentrations UK Bio Products Laboratory and French 
LFB Biopharmaceuticals. BPL FXI concentrate contains high 
levels of antithrombin. Some patients experienced thrombotic 
episodes following FXI concentrate infusion which lead to the 
addition of heparin. BPL FXI concentrate had been shown to be 
effective in achieving appropriate haemostatic response without 
significant adverse effects. LFB FXI concentrate contains C1 
esterase inhibitor in addition to antithrombin and heparin. 
The efficacy of LFB product has been shown to be similar to 
BPL FXI concentrate. Both products are treated to inactivate 
viruses. Thrombotic risks have been demonstrated with both 
products particularly in elderly patients with the pre-existing 
cardiovascular disease.

Other therapies
There are other therapies available for those patients 

who might not benefit from FFP or FXI concentrate. Fibrin 
glue is supplied in two different vials. One containing calcium 
and thrombin, while, the other contains fibrinogen, FXIII and 
aprotinin. Anti-fibrinolytic agents such as tranexamic acid and 
aminocaproic acid, these agents inhibit the activation of the 
fibrinolytic system via the inhibition of plasminogen to plasmin 
conversion[20].

Inhibitor Development
Acquired FXI antibodies are an uncommon complication of 

FXI replacement therapy[6]. These inhibitors can potentially 
be problematic in patients who are homozygous for type II 
mutation[6].FXI inhibitors have been described in patients with 
severe FXI deficiency. These patients do not usually appear 
with spontaneous bleeding. However, trauma or surgery may 
be accompanied by severe bleeding that cannotbe managed 
by the FXI or Plasma. One study investigated 118 patients not 
associated with acute FXI deficiency; seven had an inhibitor[21]. 
All seven patients were treated with plasma substitutes,and all 
were identical in the yellow allele. Of the 45 patients with other 
genotypes, identical type III or type II species, and the third 
type of heterozygous compound that received plasma, none 
had FXI inhibitors. Thus, only zygotes are similar to zygotes or 
heterozygous mixtures of an empty allelein that are at risk of 
developing post-exposure inhibitors to exogenous oxygen[6]. 
The seven patients who developed deoxyribonucleic acid from 
21 zygote species were identical to those of the second type 
who received plasma, suggesting that 33% of patients with FXI 
levels of 1 or fewer UDL-1 were likely to develop inhibitors. 
Immunoglobulin G isolates from patients with inhibitor display 
weaken FXI activation by thrombin or FXIIa, inhibition of FXI 
binding to HK or decreased FXIa activation by FX[21].
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