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Abstract: Thrombophilia, either acquired or inherited, can be defined as a predisposition to developing 
thromboembolic complications. Since the discovery of antithrombin deficiency in the 1965, many other 
conditions have been described so far, which have then allowed to currently detect an inherited or acquired 
predisposition in approximately 60–70% of patients with thromboembolic disorders. These prothrombotic 
risk factors mainly include qualitative or quantitative defects of endogenous coagulation factor inhibitors, 
increased concentration or function of clotting proteins, defects in the fibrinolytic system, impaired platelet 
function, and hyperhomocysteinemia. In this review article, we aim to provide an overview on epidemiologic, 
clinic and laboratory aspects of both acquired and inherited rare thrombophilic risk factors, especially 
including dysfibrinogenemia, heparin cofactor II, thrombomodulin, lipoprotein(a), sticky platelet syndrome, 
plasminogen activator inhibitor-1 apolipoprotein E, tissue factor pathway inhibitor, paroxysmal nocturnal 
haemoglobinuria and heparin-induced thrombocytopenia. 
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Introduction

Venous thromboembolism (VTE), which conventionally 
encompasses the two distinctive but frequently associated 
clinical entities deep vein thrombosis (DVT) and pulmonary 
embolism (PE), is characterized by the generation of a 
blood clot within the venous system. VTE is a serious 
worldwide healthcare issue, whose incidence is particularly 
high in hospitalized patients (1). Current statistics attests 
that VTE is ranked third among the leading cause of 
morbidity and mortality in Western countries, though the 
accurate estimation of its frequency is challenged by the 
often subtle and silent nature, which is then associated with 
a large burden of both misdiagnosis and underdiagnosis. 
Recent data suggests that its incidence is approximately ~1 
per 1,000 adults annually, though a marked heterogeneity 
has been reported among different ethnic groups, as well as 
across ages, with an estimated frequency of 5–6 per 1,000 

annually in subjects aged 80 years or older (2). 
The term thrombophilia is conventionally used for 

describing a propensity for developing thrombosis due to 
the presence of either inherited or acquired hemostatic 
abnormalities, which may ultimately predispose to 
developing a transitory or permanent prothrombotic 
state (3). The identification of a condition of hereditary 
thrombophilia not necessarily implies that patients will 
certainly develop VTE at some point throughout their 
lifespan, since the different thrombophilic abnormalities are 
associated with considerably different risks of first lifetime 
or recurrent VTE (4). The accurate planning of type and 
duration of anticoagulant therapy necessitates a thoughtful 
comprehension of VTE pathogenesis, along with the 
possible identification of underlying thrombophilic risk 
factors. This conclusion is supported by data showing that 
approximately 50% of VTE have one or more hereditary 
or acquired thrombophilic conditions (5). Like many other 
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human diseases, it has now been generally accepted that 
VTE pathogenesis is in essence multifactorial. Albeit a 
single risk factor may predispose to thrombosis, it is usually 
insufficient to trigger thrombosis, at least when present 
alone (2). The most studied congenital thrombophilic 
abnormalities can be typically classified in two ample 
classes: (I) those characterized by partial or complete loss 
of function, encompassing mutations causing abnormalities 
of endogenous anticoagulant proteins [i.e., antithrombin 
(AT), protein C (PC), and protein S (PS)]; and (II) gain-
of-function mutations in clotting proteins, which mostly 
include factor V Leiden (FVL) and the prothrombin 
polymorphism G20210A (6,7).

Although many efforts have been made for studying 
many inherited and acquired risk factor over the past  
30 years, increased commitment to investigating less 
frequent conditions has been encouraged by legislation 
aimed at facilitating patient care with more effective 
treatments, but has been paralleled by lack of initiatives 
from biotechnology and pharmaceutical companies for 
developing new drugs medicines that would not grant 
the same economic profit as for treating more frequent 
conditions (8).

Therefore, this review is aimed to discuss “less-
frequent” thrombophilic risk factors, and presenting their 
epidemiologic, clinical and diagnostic characteristics.

Fibrinogen disorders (dysfibrinogenemia)

Fibrinogen, which is alternatively known as coagulation 
factor I, is a large (i.e., 340 kDa) and complex molecule 
formed by two identical subunits, linked by a disulfide 
bond, which plays an essential role in blood coagulation 
(secondary hemostasis) (9). This protein not only functions 
as fibrin precursor, thus stabilizing the blood clots, but 
also promotes platelet aggregation and fibrinolysis (10). 
As a whole, the conditions defined as dysfibrinogenemias 
encompass abnormalities of fibrinogen structure, which 
may variably result in an abnormal protein function. As 
for other thrombophilic conditions, these abnormalities 
can be both inherited or acquired. The latter conditions 
are frequently observed in patients with a kaleidoscope 
of underlying disorders, but is most commonly found 
as a consequence of liver diseases (11). The inherited 
fibrinogen abnormalities are usually rare, and may 
impair the concentration (hypofibrinogenemia), the 
activity (dysfibrinogenemia) of fibrinogen, or both 
(hypodysfibrinogenemia). Inherited fibrinogen disorder 

is usually classified as type I (afibrinogenemia and 
hypofibrinogenemia), which are characterized by an 
abnormal concentration of the protein, or as type II 
(dysfibrinogenemia and hypodysfibrinogenemia), which 
are instead associated with an abnormal function of the 
protein.  A limited number of patients may have both 
dysfibrinogenemia and hypofibrinogenemia, a condition 
known as hypodysfibrinogenemia (12). The frequency of 
dysfibrinogenemia is typically low (i.e., approximately 8 per 
1,000 individuals), so that routine dysfibrinogenemia testing 
in thrombophilic patients is not warranted (10). Although 
the first molecular basis of dysfibrinogenemia could be 
identified nearly 50 years ago, in 1968 and thus even before 
genetic sequence of the fibrinogen genes was initiated, the 
precise molecular basis of afibrinogenemia could only be 
unveil at a much later time (11). 

Dysf ibrinogenemia can be usual ly  revealed by 
discrepancy between clotting and immunochemical 
fibrinogen tests. Nevertheless, this diagnosis is challenging 
even in highly specialized laboratories, because test 
sensitivity is dependent on the underlying mutation, as well 
as on reagents and techniques. The exact mechanism by 
which the risk for thrombosis is enhanced in patients with 
dysfibrinogenemia remains mostly unidentified, and perhaps 
depends on the nature of fibrinogen abnormalities (13). 
However, two leading mechanisms have been suggested 
for explaining the development of thrombosis in patients 
with abnormal fibrinogen, thus entailing that abnormal 
fibrinogen may have defective binding with thrombin, thus 
yielding to increased values of the second protein, and that 
the fibrin clot formed with “abnormal” fibrinogen may be 
less vulnerable to plasmin during tissue-type plasminogen 
activator (t-PA)-mediated fibrinolysis. 

Heparin cofactor II (HCII)

HCII is a single chain glycoprotein, with an approximate 
size of 66.5 kDa, which belongs to a superfamily of 
serine protease inhibitors (i.e., serpins). Firstly identified 
in 1974 by Briginshaw and Shanberge, HCII is mainly 
produced by the hepatocytes, is present in the circulation 
at a concentration of approximately 1.0 μmol/L, has an 
estimated half-life ranging between 2–3 days, and functions 
as a rapid thrombin inhibitor in combination with heparin 
or dermatan sulfate (14,15). Unlike AT, which inhibits many 
proteases in blood coagulation cascade [i.e., especially factor 
(F) X and thrombin], HCII only acts as powerful thrombin 
inhibitor, whilst it lacks significant inhibitory function on 
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other proteins of the coagulation cascade (16). 
Despite many efforts made by many scientists, a 

straightforward association between HCII deficiency and 
venous thrombosis has not been defined so far (17), so 
that it may be reasonable to suggest that the role of HCII 
deficiency in venous thrombosis may be rather limited 
in vivo, unless combined with abnormalities of AT or 
associated with other inherited thrombotic risk factors. 

An history of venous thromboembolic diseases has been 
identified in some subjects with partial inherited deficiency 
of HCII (i.e., approximately 50% of normal). Nevertheless, 
heterozygous HCII deficiency seems to be equally prevalent 
in both subjects with or without VTE, thus suggesting that 
HCII deficiency may not be a significant risk factor for this 
condition (15). Several studies analyzed the prevalence of 
HCII deficiency in VTE patients (i.e., in those with DVT, 
retinal vein thrombosis, cerebral venous sinus thrombosis). 
The prevalence of HCII deficiency was found to be mostly 
overlapping between patients and controls (i.e., 1.1% versus 
1.0%), thus confirming that HCII deficiency should not 
be regarded as a strong thrombophilic condition. In some 
studies, the prevalence of HCII deficiency was compared 
between VTE patients and controls. Whilst Lopaciuk et al. 
found a significantly higher prevalence of HCII deficiency 
in thrombotic patients (5.7% versus 0.9%) (18), Ehrenforth 
et al. could only show a prevalence of 0.4% of HCII 
deficiency in 285 pediatric patients with venous or arterial 
thrombosis (19).

Thrombomodulin (TM)

TM is an endothelial glycosylated type I protein, which 
does not display intrinsic enzymatic activity. The TM 
linked to the endothelial membrane forms a high-affinity 
complex with thrombin, thus inhibiting its interaction with 
fibrinogen (20). When bound to TM, thrombin loses pro-
coagulant activity and gain the capability to activate PC, a 
clinically essential endogenous anticoagulant protein (21). 
TM also exists in soluble form in plasma, originated by 
enzymatic cleavage of intact precursor (22). Several studies 
suggest that plasma soluble TM concentration, originating 
after cleavage from endothelial cells by neutrophil enzymes, 
may be associated with some pathological conditions 
characterized by vascular damage, including inflammation, 
infections and sepsis (23). It has been clearly shown that 
both the anticoagulant and pro-fibrinolytic activities of 
the thrombin-TM-PC system may play a pivotal role 
in preventing thromboembolic disorders. However, the 

most convincing evidence that lower TM function may 
be associated with thrombosis is only derived from animal 
studies (22). Kumada et al. provided clear evidence on the 
antithrombotic activity of TM in mice, by demonstrating 
that it actively participates to defense against thrombosis 
in vivo (24). Gomi et al. also showed that TM is highly 
effective in inhibiting thrombin-induced thromboembolism 
in mice, thus suggesting that recombinant human TM may 
be regarded as a powerful antithrombotic agent for being 
used both in vitro and in vivo (25). Weiler-Guettler et al. 
reported that transgenic mice with mutations in the TM 
gene (THBD) developed a prothrombotic condition and 
displayed enhanced fibrin deposition in target organs, a 
phenomenon that is probably attributable to lower capacity 
to generate activated PC (26). In another study, Isermann 
et al. showed that THBD-deficient mice experiment fast 
mortality after birth due to consumption coagulopathy (27).

Some other clinical studies have identified genetic 
abnormalities in THBD, but have also highlighted that 
these mutations have a questionable role in developing 
both venous and arterial thrombosis (28). In particular, the 
real impact of these polymorphisms on both concentration 
and activity of TM remains largely unclear. Ahmad et al. 
investigated the role of THBD c.1418C>T polymorphism 
in VTE recurrence, and found that it was not significantly 
associated with risk of VTE recurrence. Heit et al. carried 
out a large screening of unrelated patients with idiopathic 
DVT, for identifying mutations within the THBC gene (29),  
concluding that individual mutations or haplotypes within 
the THBC gene should not be regarded as major risk 
factors for VTE. Similar results were published by Le Flem 
et al., who also concluded that THBC polymorphisms, 
especially in the proximal promoter, are very infrequent in 
patients with VTE (30). A possible explanation for these 
findings is that severe THBC abnormalities, especially 
in the homozygous state, may be incompatible with life. 
This would lead us to conclude that, although the current 
experimental and clinical evidence supports a biologically 
plausible role of THBC gene mutations in developing 
thromboembolic disorders, the real impact of particular 
polymorphisms on TM function remains largely unproven.

Lipoprotein(a) [Lp(a)]

Lp(a) is a cholesterol-rich lipoprotein particle, consisting 
of a low-density lipoprotein (LDL) domain (containing 
apolipoprotein B-100) covalently bound to the glycoprotein 
apolipoprotein(a) [apo(a)] (31). Although part of the 
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biochemical and biological characteristics of Lp(a) may 
reproduce those of LDL, the adjunctive presence of apo(a) 
makes this lipoprotein particle mostly unique (32), apo(a) 
is biochemically related to plasminogen, a key enzyme in 
the fibrinolytic system, and hence contains multiple tandem 
repeats of an amino acid sequence closely resembling 
plasminogen kringle IV, a unique kringle V domain, along 
with a sequence resembling the plasminogen protease 
domain (33). Due to high structural homology with 
plasminogen, Lp(a) is capable to inhibiting fibrinolysis 
by means of competing with plasminogen for stabilized 
fibrin binding. Interestingly, apo(a) and plasminogen are 
both members of a large superfamily of kringle-containing 
proteins, which also includes FXII, prothrombin, t-PA 
and urokinase (34). Although the plasma concentration of 
Lp(a) is predominantly genetically regulated, a number 
of acquired disorders (e.g., liver or renal impairment, 
hormonal derangements) may have an impact on synthesis 
and metabolism of the lipoprotein. Notably, the precise 
biological function of Lp(a) remains still largely unknown. 
The evidence that: (I) Lp(a) efficiently delivers cholesterol 
to a number of peripheral cells and (II) apo(a) reactive 
material can be identified close to surface of fibrous cap in 
atherogenic plaques, in endothelial cells and in granulation 
tissues during wound healing, supports the hypothesis that 
Lp(a) may play a role in tissue repair, and may have hence 
represented a kind of evolutionary advantage for species 
capable to synthesize apo(a) (31). Many data published 
over the past decades reflect a potential dichotomy of Lp(a) 
function, since both pro-atherosclerotic (LDL-like) and 
pro-thrombotic (plasminogen-like) functions have been 
described (35).

A convincing association has been widely reported between 
Lp(a) and a kaleidoscope of vascular occlusive disorders. Albeit 
the contribution of Lp(a) to the pathogenesis of atherosclerotic 
disease appears now virtually clear, uncertainty remains for 
other thrombotic pathologies (36).

Importantly, enhanced plasma Lp(a) concentration has 
been consistently shown to be an independent risk factor 
for coronary heart disease (CHD) in some prospective 
studies, but not in others. These inconsistencies may 
be attributable to a still existent lack of standardization 
of immunoassays, as well as to the strong dependency 
of test results from heterogeneity of apo(a) isoforms. In 
an earlier article, Seman et al. showed that Lp(a) is an 
independent risk factor form CHD in men, exhibiting 
a relative risk exceeding 2, whilst the association was 
found to be almost inconclusive in women (37). Seed 

et al. reinforced these findings, by demonstrating that 
increased Lp(a) concentration independently predicts 
future CHD in middle-aged men, with an odds ratio 
(OR) comprised between 1.9–2.3 (38). Although many 
convincing epidemiological data were published in favor 
of a causal role of Lp(a) in the pathogenesis of arterial 
occlusive disorders, data in support of an association 
with VTE are more contradictory. In a meta-analysis 
published by Sofi et al., including a discrete number of 
previous studies, a statistically significant association was 
observed between increased Lp(a) concentration and 
VTE (OR, 1.87) (39). More recently, Helgadottir et al. 
studied the effects of genetic variants of the apo(a) gene 
(LPA) on vascular disorders characterized by different 
atherosclerotic and thrombotic features, highlighting 
the existence of an association between specific genetic 
variants and atherosclerotic burden, whilst no association 
could be observed with thrombotic phenotypes (40).  
More recently, Dentali et al. carried out a systematic review and 
meta-analysis of the scientific literature, including data from 
14 case-control studies, totaling 2,824 patients with VTE and 
11,187 healthy matched controls, and reported a significant 
association between Lp(a) values and VTE. Nevertheless, the 
risk attributable to increased Lp(a) values appeared overall 
modest (i.e., 19.8%), thus providing further support to the still 
debated role of Lp(a) as risk factor of VTE (35).

Sticky platelet syndrome (SPS)

The SPS, an autosomal dominant platelet disorder 
associated with both arterial and venous thrombosis, is 
typically characterized by platelet hyperaggregability in 
platelet-rich plasma after being challenged with many 
platelet activators [i.e., adenosine diphosphate (ADP) and 
epinephrine] (2). SPS is a prothrombotic thrombocytopathy 
with familial occurrence, whose existence is not widely 
acknowledged, so that it may often remain underdiagnosed. 
Albeit patients with SPS usually experiment both arterial and 
venous thromboses at various sites, including coronary and 
cerebral arteries (41), this condition may also be associated 
with thrombosis in atypical sites such as cerebral sinuses, 
retina, as well as with peripheral arterial or VTE (42).  
The leading manifestation of SPS include signs and 
symptoms of venous or arterial thrombosis, migraine, along 
with pregnancy complications (43). The existence of SPS 
was originally reported at the 9th International Conference 
of Stroke and Cerebral Circulation in Arizona, in 1983, and 
was defined as a distinctive thrombotic disease attributable 
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to qualitative abnormalities of platelet function, which would 
finally lead to enhanced aggregation and thrombosis (44).  
Although many studies on SPS have been published so far, 
epidemiological data remains mostly limited and the real 
prevalence of this condition in the general population is still 
largely unknown. Likewise, the prevalence of SPS in VTE 
patients can hardly be ascertained because available studies 
with significant sample size only investigated its prevalence 
in selected subpopulations (e.g., in those with unexplained 
thrombosis) (42). Interestingly, SPS has also been reported 
as a specific thrombophilic state associated with migraine 
with aura, which is increasingly diagnosed in relatives of 
patients with this syndrome (45).

Plasminogen activator inhibitor 1 (PAI-1) 

The PAI-1, a serine protease inhibitor belonging to 
the serpin superfamily, is a selective inhibitor of both 
t-PA and urokinase-type plasminogen activator (u-PA).  
PAI-1 also interplays with non-proteinase targets including 
vitronectin, heparin and endocytic receptors of LDL-
receptor family (46). PAI-1 is now being regarded as a 
multifunctional protein, which not only acts as endogenous 
regulator of both fibrinolysis and cell migration, but plays 
a role in some acute and chronic disorders (47). PAI-1 is 
synthesized by different cell types, including endothelial 
cells, fibroblasts, macrophages, adipocytes and hepatocytes. 
PAI-1 can also be released by platelets, and this may provide 
further explanations to the role of platelets in stabilizing 
blood clots (48). PAI-1 exhibits a very short half-life in 
plasma (i.e., approximately 7 minutes in active form), whilst 
the half-life of the latent form in circulation approximates 
32 hours. At physiologic concentration, PAI-1 acts as a 
regulator of fibrinolysis, wound healing, matrix remodeling, 
as well as of cellular differentiation, proliferation and 
migration. Importantly, plasma PAI-1 concentration may 
increase from 5- to 10-fold during inflammatory, metabolic, 
ischemic or vascular disorders. An increasing body of 
evidence has contributed to define PAI-1 as an important 
mediator of organ fibrosis, thus strengthening its role in the 
pathogenesis of atherosclerosis, as well as in that of both 
arterial and venous thrombosis (49). Some family studies 
have earlier addressed PAI-1heritability, on the background 
of evidence linking genetics with PAI-1 concentration in 
plasma (48). More specifically, the 4G allele of the guanine 
insertion/deletion polymorphism (4G/5G) located within 
PAI-1 gene promoter has been associated with enhanced 
PAI values in plasma. Albeit a growing body of evidence has 

been brought to define PAI-1 as a major mediator of organ 
fibrosis, information on the association between the 4G 
allele and VTE risk remains mostly elusive. In particular, 
Sundquist et al. failed to find a significant association 
between the 4G/5G polymorphism and the risk of VTE in 
a cohort of unselected patients. Additional evidence hence 
suggests that the impact of PAI-1 polymorphism in VTE 
may be dependent on the presence of FVL (50). More 
recently, Tsantes et al. published a meta-analysis aimed to 
evaluate the association between 4G/5G polymorphism 
and risk of VTE, concluding that this allele appeared to 
modestly increase the risk of VTE (i.e., by approximately 
15%), especially in subjects bearing additional genetic 
thrombophilic disorders (51).

In summary, the available evidence suggests that 
4G/5G polymorphism may be a determinant of plasma 
PAI-1 concentration, which may then result in impaired 
fibrinolysis especially in the microcirculation, and may 
hence lead to a marginally increased risk of thrombosis in 
association with stressful events such as inflammation or in 
the presence of life-threatening diseases (52).

Apolipoprotein E (apo E)

Apo E is a 299-amino acid amphipathic protein belonging 
to the family of exchangeable apolipoproteins. Its leading 
function is mediating lipid transfer between circulating 
lipoproteins and tissues, through binding to cell receptors, 
which makes it a crucial player in transporting cholesterol 
and in assuring cell membrane maintenance and repair (53).  
Apo E, which is a key component of high-density 
lipoprotein (HDL), chylomicrons and very low-density 
lipoproteins (VLDL), is mainly synthesized in the liver both 
as free protein and in association with lipoproteins. Once 
in the circulation, apo E readily binds to, and dissociates 
from, lipoprotein surfaces. Apo E helps transporting lipids 
and facilitates the clearance of dietary fats, especially 
triglycerides, from the blood (54). The APOE gene exists 
in three major allelic forms, E2, E3 and E4. The relative 
frequency in humans of the relative alleles ε2, ε3 and ε4 is 
approximately 7%, 78% and 14%, respectively (55). ApoE3 
is usually considered to the parent form, and is associated 
with normal plasma cholesterol values, whilst the function 
of ApoE2 and ApoE4 is impaired, and their presence is hence 
often associated with hyperlipidemia (54). APOE gene 
polymorphisms seem to have a role in cardiovascular disease 
due diminished ability of binding to Apo E receptors, thus 
leading to increased cholesterol level. The ApoE E2 allele 
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(Cys-112 and Cys-158) exhibits a significantly lower binding 
ability; subjects bearing the E2/E2 combination thus remove 
dietary fats at a slower rate and are seemingly at an enhanced 
risk of developing early vascular disorders and type III 
hyperlipoproteinemia (56). The APOE gene polymorphisms 
have been associated with many other disorders. Some 
meta-analyses have recently been published, whose results 
suggest the existence of an association between APOE 
gene polymorphisms and hypertension (57), cerebral 
infarction (58), frontotemporal lobar degeneration (59),  
and vascular dementia (60). Regarding VTE, Zhu et al. 
studied 300 patients with DVT and 300 age- and gender-
matched healthy controls, concluding that the APOE E3/
E4 genotype was associated with an enhanced risk for DVT  
(OR, 1.48) (55). Similar evidence was published by Nagato  
et al. in a small case-control study (including 60 patients) (61). 

Tissue factor pathway inhibitor (TFPI)

TFPI, a 276-amino acid Kunitz-type protease inhibitor, 
acts as the physiological modulator of the tissue factor 
(TF) pathway. TFPI mainly exerts its inhibitory effect on 
blood coagulation by inhibiting the TF-FVIIa complex 
in an FXa-dependent manner (62). TFPI is constitutively 
synthesized by endothelial cells and then conveyed to 
the endothelia (50–80%), plasma (20–50%) and platelets 
(2–5%) (63). Low plasma TFPI values have been observed 
in subjects with venous thrombosis, stroke and thrombotic 
thrombocytopenic purpura (64). Some studies showed that 
decreased plasma TFPI values may be present in subjects 
with both venous and arterial thrombotic disorders. Fei et al. 
showed that TFPI may be a valuable predictive biomarker 
of DVT and tumor metastasis, displaying high diagnostic 
sensitivity and specificity at the time of the diagnosis of 
non-small cell lung cancer (64). Zakai et al. confirmed 
that total TFPI concentration was higher in patients with 
high pro-coagulant factor values and increasing age. In 
particular, subjects with TFPI values <5th percentile were 
at moderately increased risk for VTE, after adjustment for 
other coagulation factors values (65). Irrespective of these 
findings, no clear evidence has been brought that TFPI 
deficiency should be considered a clinically significant 
prothrombotic condition. 

Paroxysmal nocturnal haemoglobinuria (PNH)

PNH, also known as Marchiafava-Micheli syndrome, is 
a thrombophilic disorders due to an acquired mutation 

within the phosphatidyl-inositol glycan A (PIG-A) gene, 
which encodes for an enzyme involved in the biosynthesis 
of glycosylphosphatidylinositol (GPI)-anchor molecule (66). 
The typical clinical features of this condition also encompass 
complement-mediated intravascular hemolytic anemia and 
bone marrow failure (67). The deficient factors proteins 
entail also the complement regulatory proteins CD55 and 
CD59, which then lead to increased complement sensitivity 
of PNH cells, intravascular hemolysis, inflammation and 
systemic release of hemoglobin (68). Thromboembolism 
is the most frequent cause of mortality in PNH patients, 
accounting for approximately 40–67% of deaths. Although 
thrombosis may occur at any site in patients with PNH, 
venous thrombosis is reportedly more common than arterial 
complications. The most involved sites are intraabdominal 
and cerebral veins, whilst multiple sites can be involved in 
over 15% of cases. Hepatic vein thrombosis (also known as 
Budd-Chiari syndrome) is one of the most common sites of 
thrombosis, affecting 7.5–25% of PNH patients. Platelet 
activation, complement-mediated hemolysis, impaired 
bioavailability of nitric oxide (NO) and of the fibrinolytic 
system, along with inflammation, have been suggested as 
leading drivers of thrombosis in PNH (69). The diagnosis 
of PNH is mostly clinical, and should then be confirmed 
with flow cytometry studies, aimed at identifying the 
absence or severe deficiency of GPI-anchored proteins 
(GPI-APs) on ≥2 lineages (70). The lack or deficiency of 
GPI-APs can be identified with monoclonal antibodies and 
using the fluorescent aerolysin (FLAER) reagent (71).

Heparin-induced thrombocytopenia (HIT)

HIT is a rare but clinically important complication of 
heparin therapy sustained by an immune-mediated disorder 
due to immunoglobulins which bind to platelet factor 
4 (PF4) (72). HIT is a clinicopathological syndrome, so 
that its diagnosis necessitates both clinical evaluation and 
laboratory investigations aimed at demonstrating the 
presence of specific antibodies in patient plasma, typically 
immunoglobulin G (IgG), directed against heparin-PF4 
(H-PF4) complexes (73). The onset of HIT is associated 
with platelet activation and endothelial cell injury, which 
may then lead to disseminated thrombosis. The thrombotic 
complications develop in some HIT patients because 
platelets can be activated in vivo even when heparin has only 
been administered in the initial phase of antithrombotic 
prophylaxis (74). Several prospective and case-controlled 
studies showed that patients with HIT have a substantial 
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risk of developing thrombosis, up to 35–75% in some 
selected clinical settings. The most common thrombotic 
event is represented by VTE, especially in postoperative 
patients, which may sometimes occur even at unusual vein 
site, such as cerebral or adrenal veins (72).

Conclusions

According to the current understanding that we have on 
the pathophysiology of thrombosis, a variety of unusual 
conditions may be effective to enhance the thrombotic 
risk in certain subjects over such a threshold that an acute 
thrombotic episode may then openly develop. Beside the 
rare thrombophilic disorders, which have been earlier 
discussed and should be clearly acknowledged to prevent 
or limit the burden of both venous and arterial thrombosis, 
some other “atypical triggers” have been described. 
These mostly include coughing or sneezing attacks, over-
eating, migraine, defection, strenuous physical exercise or 
sexual intercourse, as well as abuse of drugs (75). Albeit 
some doubts remain on the true contribution that these 
less common factors may have on the risk of developing 
thrombosis (Table 1), we would be persuaded to agree with 
the famous Arthur Conan Doyle’s quote, that “when you 
have eliminated the impossible, whatever remains, however 

improbable, must be the truth”.
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