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Abstract 

The traditional clinical paradigm of rare inherited coagulation disorders (RICDs) implies that  reduced 

levels of coagulation factors increase the bleeding tendency, although the relationship between factor 

activity and clinical phenotype is often variable and disease-related. However, emerging evidence 

suggests a more complex coagulation balance in RICD, so that a few inherited factor deficiencies 

predispose patients to arterial thrombosis and venous thromboembolism (VTE). By synthesizing data 

from international registries, clinical trials and biochemical studies, this review explores the 

molecular and clinical mechanisms underlying the thrombotic risk in RICDs, including deficiencies 

of factors II, V, VII, XI, XII, XIII and fibrinogen disorders. We show how some molecular variants 

disrupt the interplay between procoagulant, anticoagulant, and fibrinolytic pathways. For instance, 

while FXII and FXI deficiencies are increasingly viewed as protective against thrombosis, in some 

dysprothrombinemias and dysfibrinogenemias the impairment of anticoagulant regulatory 

mechanisms lead to increased thrombin generation. In disorders such as FXIII deficiency and 

afibrinogenemia, mechanical clot instability and loss of thrombin sequestration are proposed as 

potential mechanisms contributing to an increased risk of thrombotic events. This increased risk is 

often triggered or exacerbated by replacement therapies, co-inherited thrombophilia, or acquired 

factors. Understanding the underlying molecular mechanisms is essential to manage patients at risk 

for both life-threatening hemorrhage and thrombosis. Ultimately, a personalized approach is required 

to optimize bleeding prophylaxis and as well as episodic treatment. 
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Introduction 

The traditional conceptualization of rare inherited coagulation disorders (RICDs) relies on an 

interpretation of the coagulation system so that the degree of deficiency of a procoagulant protein 

results in a proportional and predictable hemorrhagic phenotype. This simplified model, however, 

fails to account for the complex, feedback mechanisms that maintain coagulation balance.1 While the 

traditional cascade linear model effectively reflects ex vivo clotting in static plasma assays as the 

prothrombin time (PT) and activated partial thromboplastin time (APTT), in vivo hemostasis relies 

on a dynamic, cell-based model governed by cellular surfaces (e.g., tissue factor-bearing cells and 

activated platelets) and feedback loops.2 Accordingly, the poor correlation between isolated factor 

levels measured through standard assays and the actual bleeding phenotype accounts for a paradox 

emerging in hematology clinical practice: some RICDs, involving the various stages of the 

coagulation system, predispose patients to both arterial and venous thromboembolism (VTE).3-6  

This review provides an update into the molecular and clinical evidence regarding this seemingly 

paradoxical risk. By evaluating data collected from international registries, clinical trials and 

biochemical studies, we aim to elucidate the mechanisms by which a bleeding genotype may manifest 

as a thrombotic phenotype, with the ultimate goal to guide hematologists toward the proper 

management of these cases. This review is focused on rare inherited coagulation factor defects other 

than hemophilia A and B reported to present sometime with an unexpected thrombotic phenotype 

(Figure 1). Thrombotic events in inherited platelet function defects, such as Glanzmann 

thrombasthenia and Bernard Soulier syndrome, will not be evaluated. By the same token, factor X 

inherited deficiency is not mentioned because no report of thrombosis was found in the literature 

review. Table 1 summarizes the main characteristics of RICDs associated with an increased 

thrombotic risk. 

The contact phase 
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RICDs of the contact phase of blood coagulation with a potential risk of thrombotic complications 

include FXII and FXI deficiencies (Figure 2). 

Factor XII deficiency 

FXII, historically known as Hageman factor, represents a fascinating anomaly in hematology. While 

indispensable for initiating blood coagulation in the context of laboratory tests, its absence in human 

plasma does not result in a bleeding disorder. This unique characteristic has shifted the focus from its 

role in coagulation to broader roles in inflammation and thrombosis.7,8 Despite lack of bleeding 

symptoms, deficient people exhibit a prolonged activated partial thromboplastin time (APTT), a 

laboratory finding that often leads to confusion and unnecessary concern in the frame of pre-operative 

screenings.7  

The discovery of FXII dates back to 1955 with the report of the first case John Hageman, who died 

from the thromboembolic consequences of trauma.9 Thus, researchers investigated for decades 

whether or not FXII deficiency increases the risk of thrombosis, but clinical evidence remains 

controversial. An historical retrospective series suggested that up to 5% of cases with FXII deficiency 

experienced VTE,10 but more recent cohort studies failed to find a link between low FXII and 

increased risk of VTE or arterial thrombosis.11-13 Furthermore, a systematic review and meta-analysis, 

including six studies including 5,003 participants, failed to support an association between the 

deficiency and the risk of venous or arterial thromboembolic events.14 Notably, the finding that 

knockout mice (genetically engineered to lack FXII) do not bleed abnormally after injury but are 

protected from the formation of clots in arteries and veins paved the way to the evaluation of 

anticoagulant drugs targeting FXII.15,16 

Factor XI deficiency 

Factor XI plays a dual role in the coagulation process, functioning as a procoagulant that sustains 

thrombin generation (through the activation of FIX) but also as an antifibrinolytic moiety, that 
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achieves this role by activating the thrombin-activatable fibrinolysis inhibitor (TAFI), that in turn 

modifies the fibrin mesh by increasing its resistance to fibrinolysis. This dual capability ensures that 

after its formation a clot remains stable enough to facilitate tissue repair.17 Clinically, FXI deficiency 

is a rare genetic disorder (population prevalence 1 in 1,000,000) traditionally associated with 

Ashkenazi and Iraqi Jewish populations, even though it is described in all ethnic groups.18 Similarly 

but more strikingly than for other RICD, there is no association between the measured plasmatic 

activity of factor XI and severity of clinical bleeding. Thus, even people with such relatively high 

levels as 30 to 40% may experience significant hemorrhage but on the other hand people with very 

low plasma levels may be fully asymptomatic. Bleeding occurs more commonly following trauma or 

surgery in tissues endowed with high fibrinolytic activity, such as the oral and nasal cavities and the 

prostate. Women often report heavy menstrual bleeding or post-partum hemorrhage, but bleeds into 

joints or muscles are rare.19 

Spontaneous thrombosis in FXI deficiency is rare. In contrast, the therapeutic administration of 

plasma-derived FXI concentrates is associated with a clinically significant thrombotic risk, due to 

coagulation activation and enhanced thrombin generation. 20-23 Therefore, thrombotic complications 

related to FXI replacement should be regarded as a treatment-associated rather than an inherent risk. 

Interest has shifted in recent years toward the protective effect of low FXI levels against thrombosis. 

Animal models have consistently shown that severe FXI deficiency provides a defense against arterial 

thrombosis without impairing hemostasis.5 In humans, severe deficiency appears protective from 

ischemic stroke and deep vein thrombosis (DVT) but not from acute myocardial infarction.24-26 A 

cohort of 115 Israeli patients older than 45 years of age with FXI deficiency (< 15%) was compared 

with the general population.24 After correction for common risk factors, the expected incidence of 

ischemic stroke in the general population was strikingly higher than in the FXI deficient group. 

Another Israeli study involving 10,193 individuals, in whom FXI levels were obtained over a 12-year 

period, showed that low FXI was associated with a reduced risk of VTE (adjusted hazard ratio [HR] 
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0.26, 95% CI 0.08-0.84): none of the people with FXI <30% developed VTE. Similarly, FXI 

deficiency was associated with an approximately halved risk of major cardiovascular events 

(composite of stroke, transient ischemic attack, and myocardial infarction).25 This finding is likely to 

be explained by the fact that a reduction in FXI leads to lower thrombin generation, resulting in a 

fibrin meshwork with an altered structural integrity that makes it more susceptible to endogenous 

fibrinolysis. Accordingly, FXI inhibition has been proposed as a target for the development of 

anticoagulant drugs aimed at reducing the risk of VTE and ischemic stroke.27,28 Conversely, high 

circulating levels of FXI above the 90th percentile are a risk factor for thrombosis.29 Individuals with 

high levels are twice as likely to develop DVT, a risk that follows a linear dose-response 

relationship.30,31 As forementioned, the risk of thrombosis is further highlighted by the finding that 

replacement therapy with plasma-derived FXI concentrates has been linked to thrombotic events due 

to suddenly enhanced thrombin generation.20 To reduce their thrombogenic potential, antithrombin 

and/or heparin have been added to these products.21   

 

The extrinsic pathway 

Factor VII deficiency 

Inherited FVII deficiency is the most frequent RICD, with an estimated prevalence of 1 in 500,000.32-

34 While traditionally classified as a bleeding diathesis that ranges from asymptomatic presentation 

to life-threatening intracranial hemorrhages poorly correlated with FVII coagulant activity, this 

autosomal recessive condition does not confer protection from thrombosis34. Approximately 3 to 4% 

of cases with FVII deficiency, including those with severe disease, experienced venous or arterial 

thrombotic events.35,36 According to the largest series of patients published and international 

registries, alongside traditional sites of venous thrombosis (i.e., lower limbs and pulmonary 

embolism), some atypical localizations have been reported, including portal, splenic, central retinal 

and cerebral veins. Thrombosis was also described in arteries such as the aortoiliac axis and 
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cerebral.37-42 This occurrence is frequently associated with acquired risk factors rather than being 

spontaneous. Common precipitants include surgical interventions, the administration of replacement 

therapies, particularly those containing activated factors (i.e., recombinant activated FVII [rFVIIa] or 

activated prothrombin complex concentrate [aPCC]), the presence of co-inherited gain-of-function 

gene variants such as FV Leiden as well as acquired conditions as the antiphospholipid syndrome.43 

Albeit rarely, thrombotic events with no associated risk factors occurred in FVII deficiency, and a 

few FVII gene variants appear to have an association with hypercoagulability.34 The p.Arg304Gln 

(FVII Padua) and p.Ala294Val variants are more prevalent in FVII-deficient patients with thrombosis 

than in the general FVII-deficient population.44 These variants may alter the conformation of the FVII 

protein, resulting in a higher affinity for tissue factor (Figure 2).4,34  

Managing these patients requires a balance between preventing hemorrhage and mitigating the risk 

of thrombosis, especially in the perioperative setting. Clinical insights suggest that 

thromboprophylaxis should be individualized on the basis of the FVII plasma levels and presence or 

not of additional thrombosis risk factors.45 Thus, prophylaxis may be considered even for cases with 

mild (FVII >20%) or moderate deficiencies (10-20%) but with a history of thrombosis. Conversely, 

thromboprophylaxis is generally not recommended for patients with severe deficiency.34 All in all, 

the occurrence of  cases of VTE and ischemic stroke emphasizes that FVII deficiency is not a naturally 

anticoagulated condition, but a complex condition in which the potential for thrombosis should be 

considered.  

The common pathway 

Two RICDs of the common pathways have been linked to an increased thrombotic risk: FV and FII 

deficiency (Figure 2). 

Factor V deficiency 
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FV deficiency is a rare autosomal recessive coagulopathy characterized phenotypically by a spectrum 

ranging from mild to moderate mucosal bleeding (i.e., epistaxis, oral cavity bleeding, hematemesis, 

melena, hematuria and heavy menstrual bleeding) to life-threatening hemorrhages (i.e., 

gastrointestinal and intracranial hemorrhage).46-48 Approximately 80% of FV circulates in plasma, 

20% is located within the platelet alpha granules. This intra-platelet pool is released locally at sites 

of vascular injury and often helps to maintain hemostasis even when plasma levels are undetectable.46 

However, FV deficiency has been sometime associated with arterial and, more frequently, venous 

thrombosis, despite its predominantly hemorrhagic phenotype.40,49-54 The mechanistic basis for 

thrombosis is multifactorial and often stems from a disrupted balance between the procoagulant and 

anticoagulant pathways. A primary driver is the concomitant inheritance of gain-of-function gene 

variants, notably FV Leiden [c.1691G>A (P.(Arg506Gln))] resulting in pseudo-homozygosity, that is 

the presence of a single Leiden allele together with a null FV allele making the total circulating FV 

pool resistant to activated protein C inactivation. Furthermore, since FV acts as a cofactor for protein 

S in the inactivation of activated FVIII, its deficiency impairs the natural anticoagulant system, 

leading to a hypercoagulable state. Clinical management requires a tailored approach, because the 

administration of fresh frozen plasma to control hemorrhage may trigger thrombosis by altering the 

delicate hemostatic balance in these patients.52 

Factor II deficiency 

FII (prothrombin) deficiency is the rarest RICD, with an autosomal recessive inheritance and  

prevalence of approximately one in two million.55 The disease spectrum is broadly divided into type 

I deficiency (hypoprothrombinemia), defined by a concomitant plasmatic reduction in both functional 

activity and antigen levels, and type II deficiency (dysprothrombinemia), with near normal antigen 

levels contrasting with severely reduced coagulant activity.56 Prothrombin is a vitamin K-dependent 

zymogen that, upon activation by the prothrombinase complex (activated FX and FV, phospholipids 

and calcium), undergoes proteolytic cleavage to generate thrombin, the downstream effector of clot 
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formation. While the complete absence of prothrombin is considered incompatible with life, activity 

levels as low as 1% are consistent with survival, often in association with mucocutaneous bleeding 

and post-surgical hemorrhage.55 However, the relationship between FII activity levels and clinical 

phenotype is inconsistent in dysprothrombinemia, because a laboratory defect in the procoagulant 

function does not invariably translate into a bleeding diathesis and may paradoxically predispose to 

VTE.57-60 Indeed, a recent study from the American Thrombosis and Hemostasis Network (ATHN) 

found that among RICD, the highest rate of VTE occurred in cases with prothrombin deficiency, 

reaching 19%.4   

The molecular basis underlying thrombotic complications often resides in gene variants affecting 

specific functional domains of thrombin. In particular, the p.Arg382His variant makes prothrombin 

unable to bind adequately fibrinogen to form a stable clot.  Besides a dramatic loss of coagulant 

activity (~1%), this mutant prothrombin demonstrated when compared to wild-type thrombin a 

profound defect in the activation of protein C (600-fold reduction) and of the thrombin-activatable 

fibrinolysis inhibitor (TAFI) (2500-fold reduction).55,56 This dual defect creates a condition that 

makes the patient poorly protected against hyperfibrinolysis due to impaired TAFI activation and 

leads to bleeding. At the same time, lack of the essential APC-mediated anticoagulant regulatory 

mechanisms can trigger thrombosis in the presence of concomitant hypercoagulability risk factors.58 

Clinical evidence of this hemostatic conundrum is illustrated by patients who experienced both severe 

bleeding and thrombotic events. For instance, cases with the p.Arg382His variant developed 

spontaneous abortions and pregnancy-related hemorrhages followed by postpartum pulmonary 

embolism and deep vein thrombosis.61 Furthermore, other variants, such as those at residue Arg596 

(including p.Arg596Leu, p.Arg596Gln, and p.Arg596Trp), represent a distinct class of 

dysprothrombinemia primarily characterized by resistance to the anticoagulant effect of antithrombin 

(Figure 2). These cases often present with no bleeding history but with recurrent venous thrombosis.55 

Thus, inherited prothrombin deficiency must not be simply viewed as a bleeding disorder, but as a 
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complex disruption of the hemostatic balance, with the site of the molecular variant determining 

whether the clinical phenotype is hemorrhagic, thrombotic, or a combination of both. 

The final phase  

Two RICDs involving the final phase of blood coagulation may be associated with an increased 

thrombotic risk: fibrinogen disorders and FXIII deficiency (Figure 2).  

Fibrinogen disorders 

Fibrinogen is a hexameric glycoprotein synthesized by hepatocytes and composed by two sets of three 

polypeptide chains (Aα, Bβ, γ).62,63 It is the ultimate substrate of the coagulation system, converted 

by thrombin into fibrin monomers that polymerize to form the structural scaffold of the clot. This 

protein also mediates platelet aggregation by binding to the integrin αIIbβ3. The three polypeptide 

chains are linked by disulfide bonds and are encoded by the gene cluster FGA, FGB, and FGG located 

on chromosome 4.64 Inherited abnormalities of fibrinogen, with an estimated prevalence of one in  

million, may be classified as quantitative or qualitative.65 The former include afibrinogenemia and 

hypofibrinogenemia, the latter including qualitative fibrinogen defects referred to 

dysfibrinogenemia.65,66 More than 400 unique gene variants have been identified in inherited 

fibrinogen disorders.67,68 Laboratory results of functional fibrinogen levels (measured in plasma by 

the Clauss method) and antigenic fibrinogen (measured by ELISA or immunonephelometry) permit 

to differentiate between afibrinogenemia/ hypofibrinogenemia (both tests are reduced in plasma) and 

dysfibrinogenemia (defined by a functional-to-antigenic fibrinogen ratio < 0.7),  but definite diagnosis 

requires genotyping of FGA, FGB, and FGG.66 

Although inherited fibrinogen disorders are usually associated with a bleeding tendency, in some cases 

they may cause thrombotic phenotypes, and both venous and arterial thromboembolism has been 

reported.69 Some of these cases have other concomitant risk factors, such as coinherited 

thrombophilia, surgery, trauma, immobilization, pregnancy or fibrinogen replacement therapy,69 that 
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contribute to transform inherited fibrinogen disorders from bleeding disorders into complex 

thrombophilic states. 

Pertaining to afibrinogenemia, there is a high prevalence of thrombosis with this condition.70 

Reported rates vary across studies, ranging from 4% to 44%, and including traditional as well as 

unusual sites. Data from a 2016 systematic review documented 48 cases of thromboembolism, both 

arterial and venous.71 These events typically first manifested around a median age of 31, 

spontaneously or precipitated (half of the cases) by such external triggers as trauma or systemic 

infections. While most patients responded well to fibrinogen replacement (sometimes in association 

with anticoagulants or antiplatelets), severe complications occasionally needed major surgical 

intervention, such as bowel resection following a mesenteric infarction.71 Several mechanisms have 

been proposed to explain the predisposition to thrombosis.  They include: 

- Fibronectin uptake: in the absence of fibrinogen, the IIbβ3 receptor (which usually transports 

fibrinogen into the platelet alpha-granules) may instead take up fibronectin, that may in turn  

induce platelet aggregation.72 

- von Willebrand factor (VWF)-mediated platelet aggregation: in the absence of fibrinogen, 

platelet aggregation remains possible through VWF-mediated interaction between platelets, 

platelet membrane receptors and subendothelial structures, potentially acting as a substitute 

for fibrinogen.72 

- Procoagulant imbalance: the concomitant increase of other coagulation factors may contribute 

to a prothrombotic phenotype.72 

- Increased thrombin generation: under physiological conditions, fibrin sequesters thrombin, 

preventing its free circulation. This antithrombin role of fibrin is impaired in the absence of 

fibrinogen. Excessive thrombin may in turn promote platelet activation through protease-

activate receptor-1 (PAR-1) signaling, thereby contributing to arterial and venous 

thrombosis.69 
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Although some patients with dysfibrinogenemia bleed, both arterial and venous thromboembolic 

disease have been observed in association with specific fibrinogen structural variants, predominantly 

located in the C-terminal domain of the Aα-chain and the thrombin cleavage site of the Bβ-chain.73 

These variants may impair the thrombin binding site on fibrinogen as well as the binding of 

profibrinolytic proteins to fibrin.69 Data from 101 patients with inherited dysfibrinogenemia revealed 

a significant history of thrombosis, with 20 cases of VTE and 8 arterial events such as myocardial 

infarction, stroke, and mesenteric ischemia.74 Furthermore, a 2024 analysis of the RICD database 

found that 6% of cases (3 out of 55) with inherited dysfibrinogenemia developed thrombosis, both 

arterial and venous.75 According to a 1995 report by the International Society on Thrombosis and 

Haemostasis (ISTH) focusing on 27 cases with high-risk variants, the average age for an initial 

thrombotic event was 27 years, but occurrences were documented in individuals ranging in age from 

12 to 50.76 Two mechanisms have been proposed to explain thrombosis associated with dysfunctional 

fibrinogens: 

- Thrombin sequestration: the abnormal fibrinogen fails bind thrombin efficiently, thus  

resulting in higher levels of free thrombin in blood and associated hypercoagulability.77 For 

example, fibrinogen Naples (FGB, p.Ala98Thr) was associated with impaired thrombin 

sequestration.78  

- Resistance to fibrinolysis: clots formed with dysfunctional fibrinogens may be structurally 

resistant to lysis, with reduced sensitivity to plasmin during tissue-type plasminogen activator 

(t-PA)-mediated fibrinolysis.77 Therefore, impaired fibrin-mediated enhancement of 

fibrinolysis may contribute to an increased thrombotic tendency.79 For example, fibrinogen 

Dusart (FGA, p.Arg573Cys), Bordeaux (FGA, p.Arg458Cys), and Caracas V (FGA, 

p.Ser551Cys) have been associated with impaired fibrinolysis and delayed clot lysis.80,81  

The management of thrombotic events in inherited fibrinogen disorders is challenging and should be 

individualized according to the bleeding and thrombotic risk profiles.69 Thus, while cases with milder 
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forms of hypofibrinogenemia or dysfibrinogenemia may receive antithrombotic therapy with no need 

for fibrinogen replacement, those with severe hypofibrinogenemia or afibrinogenemia may require 

replacement (a target plasma fibrinogen level of >1.0 g/l is recommended) in order to reduce both the 

bleeding risk and enhanced thrombin generation.69,82 The intensity and duration of anticoagulation 

should be individually tailored. 

FXIII deficiency 

Factor XIII (FXIII) deficiency is a very rare autosomal recessive bleeding disorder, affecting 

approximately one in two million individuals.83 Factor XIII, also known as fibrin-stabilizing factor, 

is a transglutaminase that circulates in blood as a heterotetramer consisting of two catalytic A subunits 

(FXIII-A) and two carrier B subunits (FXIII-B). It plays a critical role in the final phase of coagulation 

by cross-linking fibrin chains, which increases the mechanical strength of the blood clot and protects 

it against premature lysis (FXIII incorporates into the clot antifibrinolytic proteins, such as alpha 2 -

plasmin inhibitor).84,85 Most cases of severe deficiency are caused by variants in F13A1, leading to 

an absence of the A subunit. The clinical presentation of severe deficiency (<10%) is often dramatic 

at the time of birth, with umbilical cord bleeding occurring in up to 80% of affected neonates. 

Intracranial hemorrhage is the most devastating complication that occurs in approximately 30% of 

cases, being a leading cause of mortality.86 Other common symptoms include delayed wound healing, 

recurrent miscarriages, and soft tissue hematomas.83 Diagnosis is challenging because standard 

coagulation screening tests, such as the prothrombin time (PT) and APTT, are normal, necessitating 

specific FXIII activity assays.87  

While primarily characterized by bleeding, a risk of thrombosis (predominantly VTE) has been shown 

in inherited FXIII deficiency.88 The underlying molecular mechanism resides in the mechanical 

instability and vulnerability of the blood clots formed.89 In the absence of sufficient FXIIIa-mediated 

cross-linking, clots may appear morphologically intact and yet exhibit a reduction in their ability to 

resist physical rupture under the mechanical stress of flowing blood, with an increased likelihood of 
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fragmentation and embolization.90-92 In addition, acquired prothrombotic risk factors, such as 

replacement therapies (i.e., plasma-derived or recombinant), surgical procedures or concomitant 

inherited thrombophilia may play a role in triggering thrombotic events. Thus, the management of 

these patients requires a balanced and personalized approach: while lifelong bleeding prophylaxis 

with FXIII concentrates is the standard of care to prevent hemorrhage in severe deficiency, 

anticoagulant therapy becomes necessary if a thrombotic event occurs. In the latter case, however, 

concomitant prophylactic factor replacement is recommended (and should be adapted to the intensity 

of the anticoagulation), in order to ensure that the patient maintains enough fibrin stability to prevent 

breakthrough bleeding.90 

 

Conclusions 

The exploration of RICDs through the lens of thrombosis reveals a profound complexity. For decades, 

the coagulation system has been viewed as a linear pathway where a missing factor inevitably leads 

to a failure of clot formation. However, evidence synthesized in this review demonstrates that the 

coagulation system is a finely tuned, interconnected network where the absence of a single protein 

can trigger a cascade of compensatory pathological responses. The prothrombotic shift observed in 

some patients is not a singular phenomenon but rather a reflection of various molecular disruptions 

that affect thrombin generation, natural anticoagulant pathways, and the mechanical stability of the 

fibrin meshwork. 

A primary issue emerging from current clinical and molecular data is that the site and type of gene 

variant may sometime predict the clinical phenotype more accurately than plasma factor levels alone. 

For example, in dysprothrombinemia the p.Arg382His variant creates a catastrophic double-edged 

sword: impaired activation of the protein C pathway that predisposes to thrombosis coupled with a 

failure to activate TAFI, that predisposes to bleeding. Similarly, in fibrinogen disorders, the loss of 

the protein role as antithrombin leads to an excess of free circulating thrombin. These complexities 
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highlight the inadequacy of traditional screening tests as the PT and APTT in capturing the thrombotic 

risk, so that the adoption of tools such as molecular genotyping is essential for accurate individual 

risk stratification. 

The management of these patients is a significant challenge for hematologists. Replacement therapies, 

while needed for preventing hemorrhages, introduces a new layer of risk. As seen particularly in 

inherited FVII and FXI deficiencies, the sudden surge in procoagulant activity following replacement 

therapy with plasma-derived or recombinant factor products may tip the balance toward 

thromboembolism, especially in the perioperative setting. This necessitates a highly individualized 

strategy where thromboprophylaxis is based on the comprehensive assessment of co-inherited 

thrombophilia, acquired risk factors, and the specific molecular defect. In FXIII deficiency, with the 

risk of thrombosis stemming from mechanical clot fragility and embolization, the simultaneous use 

of factor replacement and anticoagulation may be the only way to manage the patient. Notably, the 

protection from thrombosis observed in FXI and FXII deficiencies provides a new frontier for drug 

development. The observation that these patients are often protected from thrombosis without 

suffering from spontaneous bleeding paved the way for a generation of anticoagulants targeting this 

phase of the coagulation pathway.  

The evidence synthesized in this article is the subject of important limitations. The rarity of RICDs 

means that available data are derived from small case series, registry studies and retrospective 

analyses, limiting robust conclusions. Publication bias is also a significant concern, because 

thrombotic events in patients with bleeding disorders are inherently unexpected and therefore more 

likely to be reported, inflating the apparent frequency. Finally, the concurrent presence of acquired 

triggering factors and co-inherited thrombophilia in a number of reported cases makes it difficult to 

attribute thrombosis solely to the factor deficiency.  

In conclusion, the paradox of thrombosis in RICDs serves as a reminder that blood coagulation is an 

integrated system of checks and balances. The management of patients requires to move away from 



 

16 
 

generalized protocols toward a model of precision medicine. By integrating molecular biology with 

clinical evidence, hematologists can better navigate the delicate balance between hemorrhage and 

thrombosis. The goal of research should be to refine risk stratification tools, ensuring that each patient 

receives a therapeutic approach tailored to the complex reality of their bleeding genotype manifesting 

as a thrombotic phenotype.  

 

 

 

  



 

17 
 

References 

1. Brummel-Ziedins KE, Orfeo T, Rosendaal FR, et al. Empirical and theoretical phenotypic 

discrimination. J Thromb Haemost. 2009;7(Suppl 1):181-186.  

2. Hoffman M, Monroe DM 3rd. A cell-based model of hemostasis. Thromb Haemost. 

2001;85(6):958-965. 

3. Girolami A, Ruzzon E, Tezza F, et al. Arterial and venous thrombosis in rare congenital 

bleeding disorders: a critical review. Haemophilia. 2006;12(4):345-351. 

4. Agarwal S, Stanek JR, Hu J, et al. Prevalence and risk factors for venous thromboembolism 

in people with inherited bleeding disorders: an ATHNdataset Study. Am J Hematol. 

2026;101(7):7-15. 

5. Ruiz-Saez A. Occurrence of thrombosis in rare bleeding disorders. Semin Thromb Hemost. 

2013;39(6):684-692.  

6. Franchini M. Thrombotic complications in patients with hereditary bleeding disorders. 

Thromb Haemost. 2004;92(2):298-304. 

7. Maas C, Renné T. Coagulation factor XII in thrombosis and inflammation. Blood. 

2018;131(17):1903-1909.  

8. Stępnicki J, Imiela AM, Szymańska M, Mikołajczuk J, Pruszczyk P. Factor XII in thrombosis 

and thromboinflammation: from molecular biology to clinical translation. Int J Mol Sci. 

2026;27(7):3336. 

9. Ratnoff OD, Margolius AJr. Hageman trait: an asymptomatic disorder of blood coagulation. 

Trans Assoc Am Physicians. 1955;68:149-154.  

10. Lämmle B, Wuillemin WA, Huber I, et al. Thromboembolism and bleeding tendency in 

congenital factor XII deficiency--a study on 74 subjects from 14 Swiss families. Thromb 

Haemost. 1991;65(2):117-121. 



 

18 
 

11. Koster T, Rosendaal FR, Briët E, Vandenbroucke JP. John Hageman's factor and deep-vein 

thrombosis: Leiden Thrombophilia Study. Br J Haematol. 1994;87(2):422-424. 

12. Cushman M, Cornell ES, Psaty BM, et al. Coagulation factors and risk of venous thrombosis 

in the elderly: the Cardiovascular Health Study. Thromb Haemost. 2000;83(5):643-646. 

13. Zeerleder S, Schloesser M, Redondo M, et al. Appearance of cardiovascular events and 

thrombosis in congenital factor XII deficiency. Thromb Haemost. 1999;82(4):1241-1246. 

14. Lara MC, García Chavez J, Hernandez EM. Factor XII deficiency and thrombosis risk: a 

systematic review and meta-analysis. Arch Med Res. 2026;57(5):103430. 

15. Renné T, Pozgajová M, Grüner S, et al. Defective thrombus formation in mice lacking 

coagulation factor XII. J Exp Med. 2005;202(2):271-281. 

16. Kalinin DV. Recent advances in factor XII(a) inhibitors: an updated patent landscape (2020-

present). Expert Opin Ther Pat. 2026;36(4):333-361.  

17. Bouma BN, Meijers JC. Role of blood coagulation factor XI in downregulation of fibrinolysis. 

Curr Opin Hematol. 2000;7(5):266-272. 

18. Mumford AD, Ackroyd S, Alikhan R, et al. Guideline for the diagnosis and management of 

the rare coagulation disorders: a United Kingdom Haemophilia Centre Doctors' Organization 

guideline on behalf of the British Committee for Standards in Haematology. Br J Haematol. 

2014;167(3):304-326. 

19. Seligsohn U. Factor XI deficiency in humans. J Thromb Haemost. 2009;7(Suppl 1):84-87. 

20. Ling G, Kagdi H, Subel B, et al. Safety and efficacy of factor XI (FXI) concentrate use in 

patients with FXI deficiency: asingle-centre experience of 19 years. Haemophilia. 

2016;22(3):411-418. 

21. Bolton-Maggs PH. Factor XI deficiency and its management. Haemophilia. 2000;6(Suppl 

1):100-109. 



 

19 
 

22. Bolton-Maggs PH, Colvin BT, Satchi BT, et al. Thrombogenic potential of factor XI 

concentrate. Lancet. 1994;344(8924):748-749. 

23. Mannucci PM, Bauer KA, Santagostino E, et al. Activation of the coagulation cascade after 

infusion of a factor XI concentrate in congenitally deficient patients. Blood. 1994;84(4):1314-

1319. 

24. Salomon O, Steinberg DM, Koren-Morag N, Tanne D, Seligsohn U. Reduced incidence of 

ischemic stroke in patients with severe factor XI deficiency. Blood. 2008;111(8):4113-4117. 

25. Preis M, Hirsch J, Kotler A, et al. Factor XI deficiency is associated with lower risk for 

cardiovascular and venous thromboembolism events. Blood. 2017;129(9):1210-1215.  

26. Salomon O, Steinberg DM, Zucker M, et al. Patients with severe factor XI deficiency have a 

reduced incidence of deep vein thrombosis. Thromb Haemost. 2011;105(2):269-273. 

27. Becker RC. Mechanism(s) of factor XI inhibition in clinical practice. Blood Adv. 

2026;10(7):2538-2540.  

28. Sharma M, Dong Q, Hirano T, et al. OCEANIC-STROKE Investigators. Asundexian for 

secondary stroke prevention. N Engl J Med. 2026;394(15):1467-1479.  

29. Meijers JC, Tekelenburg WL, Bouma BN, et al. High levels of coagulation factor XI as a risk 

factor for venous thrombosis. N Engl J Med. 2000;342(10):696-701.  

30. Cushman M, O'Meara ES, Folsom AR, Heckbert SR. Coagulation factors IX through XIII and 

the risk of future venous thrombosis: the longitudinal investigation of thromboembolism 

etiology. Blood. 2009;114(4):2878-2883.  

31. Yang DT, Flanders MM, Kim H, Rodgers GM. Elevated factor XI activity levels are associated 

with an increased odds ratio for cerebrovascular events. Am J Clin Pathol. 2006;126(3):411-

415. 

32. Mariani G, Bernardi F. Factor VII deficiency. Semin Thromb Hemost. 2009;35(4):400-406. 

33. Bernardi F, Mariani G. Biochemical, molecular and clinical aspects of coagulation factor VII 

and its role in hemostasis and thrombosis. Haematologica. 2021;106(2):351-362.  



 

20 
 

34. Giansily-Blaizot M, Marty S, Chen SW, Pellequer JL, Schved JF. Is the coexistence of 

thromboembolic events and factor VII deficiency fortuitous? Thromb Res. 2012;130(Suppl 

1):S47-49.  

35. Gershwin ME, Gude JK. Deep vein thrombosis and pulmonary embolism in congenital factor 

VII deficiency. N Engl J Med. 1973;288(3):141-142. 

36. Mariani G, Herrmann FH, Schulman S, et al. International Factor VII Deficiency Study 

Group. Thrombosis in inherited factor VII deficiency. J Thromb Haemost. 2003;1(10):2153-

2158.  

37. Goodnough LT, Saito H, Ratnoff OD. Thrombosis or myocardial infarction in congenital 

clotting factor abnormalities. Medicine (Baltimore). 1983;62(4):248-255.  

38. Escoffre M, Zini JM, Schliamser L, et al. Severe arterial thrombosis in a congenitally factor 

VII deficient patient. Br J Haematol. 1995;91(3):739-741. 

39. Pikija S, Gampenrieder SP, Millesi K, et al. Factor VII deficiency in major artery occlusion 

stroke. Am J Hematol .2018;93(6):843-845. 

40. Girolami A, Cosi E, Tasinato V, Peroni E, Girolami B, Lombardi AM. Pulmonary embolism 

in congenital bleeding disorders: intriguing discrepancies among different clotting factors 

deficiencies. Blood Coagul Fibrinolysis. 2016;27(5):517-525.  

41. Marty S, Barro C, Chatelain B, et al. The paradoxical association between inherited factor VII 

deficiency and venous thrombosis. Haemophilia. 2008;14(3):564-570. 

42. Li L, Wu X, Wu W, Ding Q, Wang X. A case-report of the unprovoked thrombotic event in a 

patient with thymoma and severe FVII deficiency. Thromb J. 2023;21(1):52.  

43. Girolami A, Tezza F, Scandellari R, Vettore S, Girolami B. Associated prothrombotic 

conditions are probably responsible for the occurrence of thrombosis in almost all patients 

with congenital FVII deficiency. Critical review of the literature. J Thromb Thrombolysis. 

2010;30(2):172-178.  



 

21 
 

44. Girolami A, Candeo N, Bonamigo E, Fabris F. Arg 304 Gln (FVII Padua) and Ala 294 Val 

mutations are equally present in patients with FVII deficiency and thrombosis. Eur J 

Haematol. 2011;87(1):92-94. 

45. Ruiz-Sáez A. Thrombosis in rare bleeding disorders. Hematology. 2012;17(Suppl. 1):S156-

158. 

46. Asselta R, Peyvandi F. Factor V deficiency. Semin Thromb Hemost. 2009;35(4):382-389. 

47. Franchini M, Focosi D. Clinical, laboratory, and molecular aspects of factor V deficiency. 

Semin Thromb Hemost. 2025;51(2):111-115.  

48. Pasca S, Franchini M, Mannucci PM. Factor II and factor V deficiencies: current management, 

care gaps and call to action for therapeutic advances. Haemophilia. 2026 Mar 2. doi: 

10.1111/hae.70252. Epub ahead of print. 

49. Miller SP. Coagulation dynamics in factor V deficiency: a family study with a note on the 

occurrence of thrombophlebitis. Thromb Diath Haemorrh. 1965;13:500-515. 

50. Reich NE, Hoffman GL, De Wolfe VG. Recurrent thrombophlebitis and pulmonary embolism 

in congenital FV deficiency. Chest. 1976;69:113-114. 

51. Manotti C, Quintavalla R, Pini M, Jeran M, Paolicelli M, Dettori AG. Thromboembolic 

manifestations and congenital factor V deficiency: a family study. Haemostasis. 

1989;19(6):331-334.  

52. García-Noblejas A, Osorio S, Durán AI, et al. Pulmonary embolism in a patient with severe 

congenital deficiency for factor V during treatment with fresh frozen plasma. Haemophilia. 

2005;11(3):276-279.  

53. Petiot P, Croisile B, Confavreux C, et al. Thalamic stroke and congenital factor V deficiency. 

Stroke. 1991;22(12):1606.  

54. Goodnough LT, Saito H, Ratnoff OD. Thrombosis or myocardial infarction in congenital 

clotting factor abnormalities and chronic thrombocytopenias: a report of 21 patients and a 

review of 50 previously reported cases. Medicine (Baltimore). 1983;62(4):248-255.  



 

22 
 

55. Lancellotti S, Basso M, De Cristofaro R. Congenital prothrombin deficiency: an update. 

Semin Thromb Hemost. 2013;39(6):596-606.  

56. Girolami A, Ferrari S, Cosi E, Girolami B, Lombardi AM. Congenital prothrombin defects: 

they are not only associated with bleeding but also with thrombosis: a new classification is 

needed. Hematology. 2018;23(2):105-110.  

57. Ding Q, Yang L, Zhao X, Wu W, Wang X, Rezaie AR. Paradoxical bleeding and thrombotic 

episodes of dysprothrombinaemia due to a homozygous Arg382His mutation. Thromb 

Haemost. 2017;117(3):479-490.  

58. Girolami A, Cosi E, Ferrari S, Girolami B. Prothrombin: another clotting factor after FV that 

is involved both in bleeding and thrombosis. Clin Appl Thromb Hemost. 2018;24(6):845-849.  

59. Girolami A, Ferrari S, Cosi E, Randi ML. The dysprothrombinemias due to Arg596 mutations: 

a conundrum with no bleeding tendency and venous thrombosis due to antithrombin 

resistance. Clin Appl Thromb Hemost. 2019;25:1076029619841701. 

60. Bafunno V, Bury L, Tiscia GL, et al. A novel congenital dysprothrombinemia leading to 

defective prothrombin maturation. Thromb Res. 2014;134(5):1135-1141. 

61. Sun W, Liang Y, Wang H, Lu Y, Wu W, Xie H. Paradoxical bleeding and thrombotic episodes 

of dysprothrombinemia due to a homozygous Arg382His mutation. Blood Coagul 

Fibrinolysis. 2017;28(2):191-197. 

62. Paraboschi EM, Duga S, Asselta R. Fibrinogen as a pleiotropic protein causing human 

diseases: the mutational burden of Aα, Bβ, and γ chains. Int J Mol Sci. 2017;18(12):2711. 

63.  de Moerloose P, Casini A, Neerman-Arbez M. Congenital fibrinogen disorders: an update. 

Semin Thromb Hemost. 2013;39(6):5855-5895.  

64. Mosesson MW, Siebenlist KR, Meh DA. The structure and biological features of fibrinogen 

and fibrin. Ann N Y Acad Sci. 2001;936:11-30.  

65. Casini A, Moerloose P, Neerman-Arbez M. Clinical, laboratory, and molecular aspects of 

congenital fibrinogen disorders. Semin Thromb Hemost. 2025;51(2):103-110.  



 

23 
 

66. Casini A, Klamroth R, Haisma B, Mehic D, Schols SEM. Rare bleeding disorders and 

bleeding disorders of unknown cause: current understanding and recent developments. 

Haemophilia. 2026 Apr 16. doi: 10.1111/hae.70278. Epub ahead of print.  

67. Nóbrega T, Villaça P, Okazaki E, et al. Genetic mutation associated with congenital fibrinogen 

disorders: global distribution and clinical outcomes. J Thromb Thrombolysis. 2026;59(1):35-

42. 

68. Couzens A, Neerman-Arbez M. Congenital fibrinogen deficiencies: not so rare. 

Hamostaseologie. 2025;45(4):286-296. 

69.  Mohsenian S, Casini A, Peyvandi F. The thrombotic paradox in congenital fibrinogen 

deficiencies: from pathophysiology to practice. Res Pract Thromb Haemost. 2025;9:102979. 

70. Lak M, Keihani M, Elahi F, Peyvandi F, Mannucci PM. Bleeding and thrombosis in 55 patients 

with inherited afibrinogenaemia. Br J Haematol. 1999;107(1):204-206.  

71. Nagler M, Kremer Hovinga JA, Alberio L, et al. Thromboembolism in patients with 

congenital afibrinogenaemia. Long-term observational data and systematic review. Thromb 

Haemost. 2016;116(4):722-732. 

72. Ni H, Denis CV, Subbarao S, et al. Persistence of platelet thrombus formation in arterioles of 

mice lacking both von Willebrand factor and fibrinogen. J Clin Invest. 2000;106(3):385-392.  

73. Miesbach W, Scharrer I, Henschen A, Neerman-Arbez M, Spitzer S, Galanakis D. Inherited 

dysfibrinogenemia: Clinical phenotypes associated with five different fibrinogen structure 

defects. Blood Coagul. Fibrinolysis. 2010;21(1):35-40. 

74. Casini A, Blondon M, Lebreton A, et al. Natural history of patients with congenital 

dysfibrinogenemia. Blood. 2015;125(3):553-561. 

75.  Mohsenian S, Palla R, Menegatti M, et al. Congenital fibrinogen disorders: a retrospective 

clinical and genetic analysis of the Prospective Rare Bleeding Disorders Database. Blood Adv. 

2024;8(6):1392-1404. 



 

24 
 

76. Haverkate F, Samama M. Familial dysfibrinogenemia and thrombophilia. Report on a study 

of the SSC Subcommittee on Fibrinogen. Thromb Haemost. 1995;73(1):151-161. 

77. Mosesson, M.W. Fibrinogen and fibrin polymerization. Appraisal of the binding events that 

accompany fibrin generation and fibrin clot assembly. Blood Coagul Fibrinolysis. 

1997;8(5):257-267. 

78. Koopman J, Haverkate F, Lord ST, Grimbergen J, Mannucci PM. Molecular basis of 

fibrinogen Naples associated with defective thrombin binding and thrombophilia. 

Homozygous substitution of B beta 68 Ala----Thr. J Clin Invest. 1992;90(1):238-244. 

79. D'Andrea G, Margaglione M. Rare defects: looking at the dark face of the thrombosis. Int J 

Environ Res Public Health. 2021;18(17):9146. 

80. Hanss M, Vergnes C, Rugeri L, Ffrench P, DE Mazancourt P. A new electrophoretic variant of 

fibrinogen associated with venous thromboembolism, fibrinogen Bordeaux Aalpha Arg439--

>Cys. J Thromb Haemost. 2008;6(8):1422-1424.  

81. Marchi R, Lundberg U, Grimbergen J, et al. Fibrinogen Caracas V, an abnormal fibrinogen 

with an Aalpha 532 Ser-->Cys substitution associated with thrombosis. Thromb Haemost. 

2000;84(2):263-270. 

82. Korte W, Poon MC, Iorio A, Makris M. Thrombosis in inherited fibrinogen disorders. Transfus 

Med Hemother. 2017;44(2):70-76.   

83. Franchini M, Marano G, Pupella S, et al. Rare congenital bleeding disorders. Ann Transl Med. 

2018;6(17):331.  

84. Muszbek L, Katona É. Diagnosis and management of congenital and acquired FXIII 

deficiencies. Semin Thromb Hemost. 2016;42(4):429-439.  

85. Jacobs JW, Booth GS, Costa V, et al. Factor XIII deficiency: a review of biology, testing, and 

treatment. Clin Hematol Int. 2026;8(1):10-25.  



 

25 
 

86. Tavasoli B, Zangooie A, Safdari SM, et al. Correlation between phenotype and coagulation 

factor activity level in rare bleeding disorders: a systematic review. Semin Thromb Hemost. 

2025;51(2):180-195.  

87. Holstein K, Gutensohn K, Alesci RS, et al. Overview on rare congenital bleeding disorders 

and epidemiological data from the German Haemophilia Registry (DHR) and a survey in 

Germany, Austria, and Switzerland. Hamostaseologie. 2025;45(5):378-389.  

88. Naderi M, Tabibian S, Menegatti M, et al. Disseminated intravascular coagulation with 

positive D-dimer: a controversial clinical feature in severe congenital factor XIII deficiency 

in southeast Iran. Blood Coagul Fibrinolysis. 2016;27(8):933-935.  

89. Luyendyk JP, Flick MJ, Wolberg AS. Factor XIII: driving (cross-)links in hemostasis, 

thrombosis, and disease. Blood. 2025;146(12):1412-1421.  

90. Bounaix L, Schroeder V, Fontana P, Casini A. Management of anticoagulation and factor XIII 

replacement in a patient with severe factor XIII deficiency and recurrent venous 

thromboembolic disease: case report and review of literature. Res Pract Thromb Haemost. 

2024;8(2):102371. 

91. Bagoly Z. Tougher clots, safer lives? Revisiting the role of factor XIII in thrombus stability 

and embolization risk. Res Pract Thromb Haemost. 2025;9(4):102901.  

92. Kattula S, Sang Y, de Ridder G, et al. Novel venous thromboembolism mouse model to 

evaluate the role of complete and partial factor XIII deficiency in pulmonary embolism risk. 

J Thromb Haemost. 2021;19:2997-3007.  

  



 

26 
 

Table 1. Characteristics of thrombosis associated with rare congenital coagulation factor deficiencies. 

Congenital defect Coagulation  
phase 

Prevalence  
(severe 

deficiency) 

Type of bleeding Type of thrombosis Main 
thrombogenic 
mechanism(s) 

Thrombosis 
trigger 

References 

Factor XII deficiency Contact phase 1:1,000,000 No bleeding 
symptom also in 
the absence of 

FXII 

No consistent 
evidence of an 

increased risk of 
arterial and venous 

thrombosis 

N/A N/A 10-14 

Factor XI deficiency Contact phase 1:1,000,000 No correlation 
between bleeding 

symptoms and FXI 
activity 

Predominantly VTE 
associated with FXI 
replacement therapy.  

FXI deficiency 
protects against 

arterial and venous 
thrombosis 

Excessive thrombin 
generation; 

impaired TAFI 
activation; reduced 

fibrinolysis 
susceptibility 

Predominantly 
treatment-related 
(FXI concentrate) 

24-26 



 

27 
 

Factor VII deficiency Extrinsic 
pathway 

1:500,000 Poor correlation 
between bleeding 

severity and 
residual FVII 

activity 

Venous and arterial 
thrombosis, 

predominantly 
associated with 

acquired triggering 
factors 

Gain-of-function 
variants (e.g., FVII 
Padua) increasing 
TF affinity; co-

inherited 
thrombophilia (e.g., 

FV Leiden) 

Predominantly 
treatment-related or 

with acquired 
triggers; rarely 
spontaneous 

35-39, 42 

Factor V deficiency Common 
pathway 

1:1,000,000 Predominantly 
mucosal bleeding 

Predominantly VTE, 
mostly associated 

with concomitant risk 
factors (FV Leiden) 

Pseudo-
homozygosity for 

FV Leiden; 
impaired FV 

cofactor role in 
protein S-mediated 
FVIII inactivation 

Predominantly 
treatment-related 
(FFP) or with co-

inherited 
thrombophilia 

50-54 

Factor II deficiency  
(prothrombin) 

Common 
pathway 

1:2,000,000 Mucocutaneous 
bleeding (severe 

deficiency) 

Predominantly venous 
thrombosis in 

dysprothrombinemia 

Impaired protein C 
activation; 

antithrombin 
resistance (Arg596 
variants); defective 

TAFI activation 

Both spontaneous 
(gene variant-

dependent) and 
treatment-related 

57, 59-61 
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Fibrinogen disorders 
- Afibrinogenemia 

 
- Dysfibrinogenemia 

Final phase  
1:1,000,000 

 
1:1,000.000 
(probably 

underestimated) 

 
Severe bleeding 

symptoms 
Only 25% of patients 

have hemorrhagic 
symptoms, usually 
mild to moderate 

 
Arterial and venous 

thrombosis 
 

Arterial and venous 
thrombosis 

Loss of thrombin 
sequestration by 

fibrin with  excess 
free thrombin; 

VWF- and 
fibronectin-

mediated platelet 
aggregation 

Both spontaneous 
and treatment-

related (fibrinogen 
concentrate) 

 
70, 71 

 
75, 78, 80, 81 

Factor XIII deficiency Final phase 1:2,000,000 Severe FXIII 
deficiency 

associated with 
early life-

threatening bleeding 

VTE Mechanical clot 
instability with  

fragmentation and 
embolization 

Both spontaneous 
and treatment-

related 

90-92 

 

Abbreviations: Factor XII: FXII; Factor XI; FXI; VTE: venous thromboembolism; Factor VII, FVII; Factor V: FV; Factor XIII, FXIII. 
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Legend. 

Figure 1. Dual roles of some  coagulation factors in hemostasis. Several factors participate in both 

procoagulant and regulatory pathways. Deficiency or dysfunction may therefore concomitantly  

impair multiple hemostatic mechanisms, contributing to both bleeding and thrombotic phenotypes. 

APC, activated protein C; TAFI, thrombin-activatable fibrinolysis inhibitor. Created with 

BioRender.com. 

Figure 2. Mechanisms of thrombosis in rare inherited coagulation disorders. Created with 

BioRender.com. 








