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SUMMARY OF MAIN RESULTS 
 
The present thesis aimed to evaluate the role of VWF in haemostasis, and focused on 
both functions of this complex protein: preventing bleeding and increasing the risk of 
thrombosis. Specifically, we aimed 1) to assess the evolution of VWF levels with age 
in healthy individuals and in a large population of patients affected by VWD, 2) to 
assess the clinical impact of VWD in older people and the treatment with desmopressin 
of AVWS characterized by increased VWF clearance, and 3) to assess the role of 
global coagulation assays in assessing the risk of a first and recurrent VTE. 
 
Chapter 2. In this chapter, we showed the increase of VWF with age in healthy 
individuals enrolled in the MEGA study. VWF levels in plasma are determined by 
genetic factors, (among which blood group is an important variable), and by acquired 
factors, such as obesity, inflammation, cancer, pregnancy, arterial hypertension, and 
reduced kidney function. These acquired factors could be mediators of the age effect 
on VWF levels. We analyzed VWF levels in 2923 individuals, after exclusion of 
individuals with active cancer and pregnant women. We showed a linear increase of 
VWF after the age of 40 years. The increase of VWF with age was partially mediated 
by acquired risk factors (comorbidities, obesity, hormone use, renal function and C 
reactive protein). We also showed that the increase of VWF with age is steeper in 
individuals with blood group non-O than in individuals with blood group-O. This 
difference was annulled after adjustment for acquired risk factors.  
 
Chapter 3. In this chapter, we analyzed the increase of VWF and FVIII with age in a 
large cohort of patients affected by type 1 or type 2 VWD or who had low levels of 
VWF, followed up at the A. Bianchi Bonomi Hemophilia and Thrombosis Center (Milan, 
Italy). Patients with type 3 and severe type 1 VWD were excluded since they have 
VWF levels <10 IU/dL and an increase of VWF with age would not be clinically relevant. 
Repeated measurements obtained between 1970 and 2018, were analyzed by linear 
mixed-effect models, in which the fixed effect of age was modeled using restricted 
cubic splines. A random intercept and slope for age were used to account for the 
repeated measurements per individuals. We performed an unadjusted analysis, 
followed by an analysis adjusted for age at first measurement, sex, blood group (O or 
non-O), presence of comorbidities (high blood pressure, diabetes, cancer), and test 
type (VWF:Ag and activity). A differential increase of VWF and FVIII was found for 
different ages and types of VWD. More specifically, the increase of VWF and FVIII 
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became linear after the age of 40 years. In patients affected by type 2 VWD, we 
showed an increase of FVIII, whereas an increase of both VWF activity and FVIII were 
shown in patients with type 1 VWD and low levels of VWF. 
 
Chapter 4. Gastro-intestinal bleeding is a rare but potentially severe symptom of VWD 
in the older patients. The presence of arteriovenous malformations is often described 
when endoscopic examinations are performed, in particular using second and third 
level endoscopic examinations, such as video-capsule endoscopy or double balloon 
endoscopy. Patients with congenital type 3, 2A, and 2B VWD are those most frequently 
affected by this symptom, possibly due to the loss of VWF high-molecular-weight 
multimers. Gastro-intestinal bleeding is also frequently described in patients affected 
by acquired von Willebrand syndrome. Endoscopic examination of the gastro-intestinal 
tract is necessary to exclude ulcers and polyps or cancer as causes of bleeding and 
facilitates local treatment. Iron supplementation must be prescribed to avoid chronic 
iron deficiency. In congenital VWD. Prophylaxis with VWF/FVIII concentrates is 
generally started after gastro-intestinal bleeding events, but this therapy is not always 
successful. Rescue therapies (high-dose statins, octreotide, thalidomide, lenalidomide, 
and tamoxifen) have been described in several case reports and series. The choice 
between the various rescue therapies can be based on the presence of comorbidities 
and patient characteristics. However, surgery may be necessary in emergency 
situations, or when medical treatment fails to stop the bleeding. 
 
Chapter 5. In this chapter, we evaluated the response to desmopressin (DDAVP) in 
patients with acquired VWF deficiency (Acquired von Willebrand syndrome, AVWS). 
This is a rare disorder, although possibly underdiagnosed, with several pathogenetic 
mechanisms, based on the underlying disease. The main pathogenetic mechanisms 
are increased VWF clearance (as described in monoclonal gammopathies and 
lymphoproliferative disorders) and decreased production of VWF. The treatment of 
bleeding events with VWF concentrate is not efficacious in case of AVWS due to 
increased clearance of VWF. In these patients, DDAVP that releases endogenous 
VWF from endothelial cells is an alternative.  
In this case series of 18 patients, we evaluated the early and late response to DDAVP 
(1 and 4 hours after DDAVP administration). In the subgroup of 11 patients with 
monoclonal gammopathies, a complete or partial response to DDAVP after 1 hour was 
obtained in the majority of patients, but the response was sustained after 4 hours only 
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in a minority of them (38%). Nevertheless, DDAVP was used in the majority of patients 
to prevent bleeding in minor surgeries or to treat minor bleeding events.  
 
Chapter 6. In this chapter, we evaluated the association between the endogenous 
thrombin potential and a first event of VTE. The endogenous thrombin potential assay 
is a global hemostatic test, which is able to capture the interaction of procoagulant and 
anticoagulant proteins. We tested several conditions of the assay to evaluate which 
can better detect hypercoagulability. In particular, the assay was performed with the 
following three conditions: a low tissue factor trigger concentration, a high tissue factor 
trigger concentration, and a high tissue factor trigger concentration with addition of 
activated protein C. We showed an association between the risk of VTE and thrombin 
generation parameters under the different assay conditions, but the strength of the 
association (based on the relative risk estimation) was highest using a low 
procoagulant stimulus (low tissue factor trigger concentration or a high tissue factor 
trigger concentration with addition of activated protein C). 
 
Chapter 7. In patients with a first event of venous thrombosis clinicians must decide 
when to stop anticoagulation while evaluating the risk of recurrent thrombosis and 
bleeding. In this setting, global haemostasis assays could help clinicians in evaluating 
both risks. In this chapter, we analysed the association between recurrent VTE and 
two global tests (D-Dimer and the endogenous thrombin generation potential) in the 
MEGA study. Analysis were performed in 1895 individuals with a first event of VTE, 
who were followed up for recurrent venous thrombosis. We showed three classes of 
risk of recurrent VTE, according to the levels of D-Dimer and thrombin generation: low 
risk for patients with low D-Dimer and low thrombin generation (incidence rate 1.20/100 
patient years, 95% CI 0.75-1.62), intermediate risk for patients with either high D-Dimer 
and low thrombin generation (incidence rate 2.31/100 patient-years, 95% CI 1.97-2.66) 
or low D-Dimer and high thrombin generation (incidence rate 2.89/100 patient-years, 
95% CI 0.06-5.73), and high risk for patients with high D-Dimer and high thrombin 
generation (incidence rate 4.70/100 patient-years, 95% CI 3.31-6.09). In the subgroup 
of patients with unprovoked VTE (n=539), the three levels of risk of recurrent VTE were 
confirmed. The combination of these two tests allows identification of patients with high 
risk of recurrent VTE who could benefit of long-term anticoagulation.  
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DISCUSSION 

VWF levels in healthy individuals: the effect of ageing 

VWF plasma levels (and consequently FVIII concentration) are the result of the 
equilibrium between VWF synthesis and its clearance. The normal range of VWF 
(antigen and activity) is wide in the healthy population (normal range, 50-150 IU/dL) 
and levels are correlated to ABO blood group. Studies in twins have reported that 66% 
of the total variation in plasma VWF:Ag levels is genetically determined. Moreover, 
30% of this genetic influence on VWF levels is attributable to an effect of ABO blood 
group.1 
Levels of VWF are also strongly influenced by age, which itself is associated with 
several factors known to influence VWF levels, such as arterial hypertension, renal 
function impairment, obesity, and morbidities. 
We have shown that the age-related increase of VWF is almost negligible until the age 
of 50 years and becomes linear after the age of 40 years. The increase is steeper in 
individuals with blood group non-O. Of all potential mediators of the association 
between age and VWF, reduced glomerular filtration together with elevated C-reactive 
protein, was   the most important. Since VWF and FVIII are elevated in inflammation, 
the role of C-reactive protein was expected.2  
C-reactive protein itself is the manifestation of several morbidities. High levels of C- 
reactive protein can be present in cancer, systemic autoimmune disorders, systemic 
infections, and cardio-vascular events. Elevated VWF and FVIII in reduced renal 
function are not likely to be due to decreased clearance by the kidney itself, because 
VWF and FVIII are cleared by the reticuloendothelial system of the liver and spleen. 
High levels of VWF and FVIII could be a manifestation of inflammation and vascular 
injury associated to decreased renal function, that is often the endpoint of diseases 
characterized by endothelial damage (such as diabetes mellitus, cardiovascular 
disease and atherosclerosis).  
Since the increase of VWF with age is most evident after the age of 50 and the average 
age is increasing in the world, it would be interesting to evaluate VWF levels in 
individuals over the age of 70 years, which was the upper limit for age in the MEGA 
study. In a study on 25 healthy centenarians in Italy, the hypothesis of lower levels of 
procoagulant proteins in plasma (associated with decreased activation of coagulation 
and therefore decreased arterial and venous thrombotic events and decreased 
mortality) was not confirmed by the results. In contrast, results showed high levels of 
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factor VIII in the centenarians, compared with 2 groups of controls (between 18 and 50 
years and between 51 and 70 years).  
A population cohort study with repeated measurements of VWF (every 10 years) and 
information on blood group, concurrent diseases, and medications would be 
informative and could give us a more complete assessment of VWF increase with age. 
For this, one would need a population study, which is sufficiently large to allow a 
subgroup analysis of individuals with different blood groups.  
The effect of ageing on VWF is clinically relevant for the evaluation of normal ranges 
of VWF in plasma, on which the diagnosis of VWD is based. Indeed, the diagnosis of 
type 1 VWD, characterized by moderate or mild quantitative VWF deficiency is actually 
the most challenging for clinicians due to three reasons: 1) individual variability of VWF 
levels due to inflammation, infection or physical exercise; 2) need of specific reference 
ranges for blood group and different ages; 3) variability of the test (in particular several 
tests are now available to measure VWF activity, based on various principles). Genetic 
testing is not helpful in this situation, since the VWF gene is highly polymorphic and no 
specific mutations are associated to type 1 VWD. This is also important, because 
recently clinicians are focusing on bleeding disorders of unknown cause which 
diagnosis is based on the exclusion of VWD. 

VWF levels in patients affected by VWD: the effect of ageing 

The increase of VWF with age was also described in patients affected by VWD type 1 
and low levels of VWF. This increase and the different normal range of VWF according 
to blood group (O versus non-O) makes the diagnosis of VWD type 1 the most difficult. 
This is also reflected in guidelines: indeed, the ASH/ISTH/WFH/NHF guidelines, 
published in 2021, recommend to diagnose VWD type 1 in individuals with levels of 
VWF <30%, but also in individuals with VWF 30-50% and bleeding symptoms.3 This 
recommendation was not part of the UK guidelines published in 2014, which prefer to 
define low levels of VWF (but not VWD) for levels in the range 30-50%.4 This difference 
is understandable in view of the different health systems and reimbursement policies 
that are in place in the USA and in the UK, as discussed by Makris.5 Nevertheless, the 
same individual could be diagnosed with VWD type 1 in the USA or alternatively with 
an increased risk of bleeding associated with low levels of VWF (probably associated 
to blood group 0) in the UK. 
Our study evaluated a large cohort of patients affected by low levels of VWF, VWF 
type 1 and VWF type 2, followed at the A. Bianchi Bonomi Hemophilia and Thrombosis 
Center in Milan, Italy. VWF and FVIII both increased with age in the whole group. The 
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increase became linear after the age of 40 years (3.68 and 7.44 IU/dL per decade for 
VWF activity and FVIII, respectively). In type 2 VWD, FVIII increased with age, 
whereas an increase of both VWF activity and FVIII were shown in patients with type 
1 VWD and low levels of VWF. We could not evaluate whether the increase of levels 
is reflected in a change in the bleeding phenotype, because type 1 VWD and low VWF 
(associated with the most relevant increase of VWF levels) are associated with mild 
bleeding symptoms, frequently present only after some haemostatic challenge such as 
surgery or trauma, making a comparison of the number of bleeding events in different 
time intervals difficult. Moreover, some bleeding symptoms typical for VWD, such as 
easy bruising, can also appear in healthy older individuals, resulting from hypodermis 
atrophy and skin thinning.  
Our data on VWD type 1 and low levels of VWF are confirmed by a recent paper: Atiq 
et al combined two European cohorts of patients affected by low levels of VWF (LoVIC 
cohort) or VWF type 1 (WIN cohort) and  showed the increase of VWF in patients 
affected by low levels of VWF, and in around 50% of the patients affected by VWF type 
1 (with 23% of the patients reaching normal levels of VWF antigen, defined as 50 
IU/dl).6 
We usually consider bleeding disorders as monogenic diseases: e.g., in severe 
haemophilia A, a single mutation of F8 gene, such as inversion of intron 22, causes a 
complete disruption of factor 8 synthesis with severe FVIII:C deficiency in plasma (<1 
IU/dL) and a severe bleeding phenotype. The same is true for type 3 VWD. In contrast, 
it is clear from these data, that mild and moderate bleeding disorders are not 
monogenic diseases, but different factors and genetic characteristics contribute to the 
bleeding phenotype. For this reason, clinicians should evaluate risk factors for 
bleeding, not by following a stepwise approach as is current practice, but by offering a 
complete evaluation of coagulation proteins, platelet function, and evaluation of the 
fibrinolytic system. This approach, though, would be expensive and not easily 
implemented in clinical practice, since some tests (for example platelet aggregation 
and secretion tests) are not available in all laboratories and are both expensive and 
cumbersome. A more pragmatic approach might be a global test on native blood to 
evaluate the bleeding risk. The use of native blood instead of plasma would be most 
physiologic, since also red blood cells and leukocytes participate to the haemostatic 
system. New tests with this purpose are currently under evaluation. 
Nevertheless, it is important to recognize that countries with different economic 
resources could opt for different approaches; for example in Western countries, young 
women with heavy menses and mild bleeding symptoms such as easy bruising could 
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be offered diagnostic tests to exclude low levels of VWD, mild platelet disorders and 
increased fibrinolysis; these women would receive, independently of the laboratory 
results, treatment with a combined hormonal contraceptive pill or intra-uterine device 
releasing progesteron to control heavy menses, which are often associated with a low 
quality of life. The laboratory results would be relevant to offer some advice (and 
possibly treatment with tranexamic acid) in case of future surgeries or delivery. In 
countries with limited resources, young women with heavy menses could be 
pragmatically treated with a combined hormonal contraceptive pill to control the 
symptom, without offering any diagnostic tests, since these would be extremely 
expensive and their results would be related to mild bleeding disorders. 

VWF and bleeding 

Even though VWD has been described more than 100 years ago, the diagnosis and 
treatment of this disease have not progressed much in the last 10 years, particularly 
when compared with the new therapies developed for haemophilia, which completely 
changed the treatment of these patients. 
Patients affected by VWD may present with rare but potentially severe bleeding 
manifestations at older age, due to gastro-intestinal bleeding, often associated with 
angiodysplasia. This clinical situation (angiodysplasia in older age) can also affect 
individuals with normal levels of VWF, but the bleeding severity is worse in patients 
affected by VWD. The observations of the role of VWF in angiogenesis,7,8 argue in 
favour of a pathogenetic mechanism in VWD. In particular, a role for high molecular 
weight multimers was advocated based on the higher prevalence of gastro-intestinal 
bleeding in VWD characterized by loss of high molecular weight multimers than in other 
forms of VWD.9,10  
Due to the rarity of type 3 and type 2 VWD, few data are available regarding the efficacy 
of VWF concentrate prophylaxis in patients with severe gastro-intestinal bleeding.  
Previous studies have shown that prophylaxis is less efficacious for gastro-intestinal 
bleeding than for hemarthrosis (49% vs 86%).11-13 If we hypothesize that VWF 
deficiency causes an increased angiogenesis that leads to angiodysplasia, we would 
also expect that the vascular remodeling initiated by the prophylactic regimen would 
take some time. For this reason, the effectiveness of prophylaxis should be evaluated 
after a minimum follow-up of 12 months (which unfortunately is not available in the 
published studies). Furthermore, we know that all plasma-derived VWF/FVIII 
concentrates which were used in the few published studies, lack high molecular weight 
multimers, and this could be another reason for their poor efficacy in patients with 
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gastro-intestinal bleeding, especially in the short-term. The new recombinant VWF 
concentrate, which is characterized by ultra-large multimers, was recently evaluated in 
the prophylaxis regimen in a small group of severe VWD patients (n=23), but no data 
are available regarding the specific efficacy in treating and preventing gastro-intestinal 
bleeding.14 
For this reason, guidelines on the treatment of gastro-intestinal bleeding in congenital 
and acquired VWD can be based only on expert opinion. In our paper, we discussed 
3 patients affected by congenital VWD and 2 patients by acquired VWD where different 
therapeutic approaches were used. In particular, one patient affected by type 3 VWD 
showed a good response to prophylaxis with VWF/FVIII concentrate, but the efficacy 
of this treatment was not complete in the first year. This observation corroborates the 
hypothesis that VWF concentrate might model with time the angiogenetic process.  
However, in a patient affected by mild type 1 VWD, prophylaxis with VWF concentrate 
did not prevent gastro-intestinal bleeding while a rescue treatment (tamoxifen in this 
case, prompted by the breast cancer that the patient had developed) did prevent the 
bleeding. In this case, the role of VWF levels on the pathogenesis of the gastro-
intestinal bleeding was probably only marginal. It is indeed well known that older 
patients, not affected by any bleeding disorder may also present with acute and chronic 
gastro-intestinal bleeding, sometimes requiring chronic blood transfusions. 
In the case of acquired VWD, the underlying disorder is the main driver in choosing 
the treatment. In case of increased clearance mediated by monoclonal gammopathies, 
the use of intravenous immunoglobulin is highly effective, but its use is off-label, due 
to the lack of randomized clinical trials. In case of increased clearance of VWF because 
of increased shear stress such as in heart valves defects (or similarly in ECMO or 
LVAD), other strategies are recommended.15 
In acquired von Willebrand syndrome associated with increased clearance of VWF, 
the use of desmopressin (DDAVP) that releases the natural storages of VWF from 
endothelial cells, could be useful. We tested the response to DDAVP in a case series 
of 18 patients with acquired von Willebrand syndrome, finding a complete and 
sustained response after 4 hours in 38% of the patients. This finding is clinically 
important, since DDAVP is not expensive and can be administered subcutaneously. 
Most importantly, DDAVP releases VWF characterized by ultra-large multimers that 
are very active in haemostasis. This effect of DDAVP could possibly ensure a better 
haemostatic effect than what could be deduced from the VWF ristocetin cofactor 
activity tests (which do not reflect the multimer VWF profile in plasma). In our case-
series, most patients could be treated with DDAVP for mild-moderate bleeding events 
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or surgeries associated with low-moderate bleeding risk, in association with 
tranexamic acid. It is important to underline that coronary spasm was described as a 
rare side effect of DDAVP. For this reason, its use in older patients, such as those 
affected by acquired von Willebrand syndrome is not always feasible or recommended. 
In this setting, a cohort study, with at least 10 years of follow-up, enrolling patients with 
congenital VWD and gastro-intestinal bleeding appears necessary to better 
understand the natural evolution of this symptom, in particular regarding the response 
to first treatment such as prophylaxis with VWF concentrate, the life-long risk of 
recurrent gastro-intestinal bleeding and the possible use of alternative rescue 
treatments. 
This is also true for acquired von Willebrand syndrome. In this case, the first obstacle 
to overcome is the difficulty to obtain a correct diagnosis. To ensure the availability of 
advanced tests (such as VWF multimer profile, VWF pro-peptide measurement and 
possibly a general evaluation of clinical cases), a collaboration between highly 
specialized centers and general practitioners or general hospitals should be organized 
through the hemophilia centers. As for acquired hemophilia, which incidence has 
increased in the last years, this is certainly due to the population ageing and the 
availability of the diagnostic tests. 
When diagnostic tools for acquired von Willebrand syndrome will be available in more 
centers, an international cohort study could give us a better understanding of this rare 
syndrome, focusing in particular on the incidence of bleeding events, on the correlation 
between bleeding events and residual levels of VWF, and on the success of treatment 
of the underlying disease to restore normal levels of VWF. This is particular important 
in case of acquired von Willebrand syndrome associated with monoclonal 
gammopathies, which in most patients do not require any treatment, but can be 
associated with severe bleeding. In such cases the decision to start treatment of the 
underlying monoclonal gammopathy should be carefully evaluated, bearing in mind 
that it can also be associated with side-effects. However, only case reports or small 
case series are actually available to guide clinicians in their choices. 
The collection of data on the natural evolution of gastro-intestinal bleeding associated 
with congenital and acquired VWD is particularly important, also because new 
treatments will possibly be available in the near future. Therapies rebalancing 
haemostasis such as concizumab, a monoclonal antibody directed against tissue-
factor pathway inhibitor, or fitusiran, a molecule that silences antithrombin RNA, are 
candidates for treating patients with congenital or acquired VWD. Their use will need 
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to be evaluated together with the thrombotic risk in patients who are generally rather 
old and affected by comorbidities. 

VWF and thrombosis 

The role of VWF in increasing the risk of both arterial and venous thrombosis has been 
shown in several case-control and cohort studies. These studies are supported by the 
observations on VWF’s role in mediating inflammation and cancer development. It is 
interesting to note that ABO blood group, which is an important determinant of VWF 
levels in plasma, also constitutes an important risk factor for cardiovascular disease 
and VTE.2,16 
Anticoagulation for 3 to 6 months is the indicated therapy in case of VTE. At the end 
of this period, clinicians must decide whether the risk of bleeding associated with the 
anticoagulant therapy is balanced by the benefit of preventing recurrent thrombosis. In 
such a clinical setting, we evaluated the use of global haemostasis assays (D-Dimer 
and thrombin generation) to assess the risk of recurrent VTE. Since its automation on 
a coagulameter with assays based on latex particles, the D-Dimer test is now widely 
available. High levels of D-Dimer, measured one month after discontinuation of 
anticoagulation, have been associated with an increased risk of recurrent VTE, and 
the evaluation of D-Dimer is currently included in several prediction models for 
recurrent VTE (DASH, HER-DOO2 and Vienna Prediction Model).17-25  
The thrombin generation potential test is another tool to evaluate the risk of recurrent 
VTE, since it measures the ability to produce thrombin in individual plasmas.26,27 Since 
D-Dimer is a degradation product of fibrin, it represents the presence of fibrin, while 
thrombin generation represents the potency of plasma to produce thrombin (and 
subsequently fibrin) in the presence of a trigger.  
In the thrombin generation assay, the formation of thrombin in a plasma sample is 
continuously measured by a fluorogenic substrate after initiation of coagulation, 
typically by tissue factor in the presence of calcium and phospholipids. The conditions 
of the assay, and specifically the concentration of tissue factor and phospholipids 
influence the sensitivity and specificity of thrombin generation and different conditions 
are generally used to evaluate hypo- or hypercoagulable states. Our collegue T.M 
Hackeng hypothesized that the sensitivity of the thrombin generation assay to detect 
hypercoagulability can be increased when there is a slow onset of thrombin generation, 
that can be obtained by adding a low tissue factor trigger concentration or by adding 
natural anticoagulants, such as thrombomodulin or activated protein C. Under these 
circumstances the TFPI/protein S anticoagulant system is a major determinant of 
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thrombin generation. Our study found an increased risk of a first thromboembolic event 
associated to increased thrombin generation, using the 3 different conditions that were 
tested. The strength of the association was variable, based on the conditions that were 
used, and low concentration of tissue factor was associated with the highest risk of 
VTE. Nevertheless, it must be considered that the variability of the test is higher using 
low concentration of tissue factor. The potential influence of in-vitro contact activation 
on the amount of thrombin generated is higher at low tissue factor concentration. To 
minimize this risk, we used TICA, a thermostable inhibitor of contact activation added 
to plasmas immediately upon defrosting and normalized thrombin generation 
parameters against a reference plasma sample. For these reasons, thrombin 
generation remains a laborious test which lacks standardization and clinical validation, 
performed in specialized laboratories.  
Recently, a new, fully automated thrombin generation analyzer (ST Genesia by Stago) 
was released for clinical routine laboratories and it is commercialised with different kits 
to evaluated hypo or hypercoagulable states. This could be a new tool to globally 
evaluate the thrombotic risk. 
We also tested the association between D-Dimer and the thrombin generation potential 
(alone or in combination) and recurrent VTE in the MEGA follow-up study.  
We were able to identify three classes of risk of recurrent VTE: low risk for patients 
with low D-Dimer and low thrombin generation, intermediate risk for patients with either 
high D-Dimer and low thrombin generation or low D-Dimer and high thrombin 
generation, and high risk for patients with high D-Dimer and high thrombin generation. 
In the subgroup of patients with unprovoked VTE, the three levels of risk of recurrent 
VTE were confirmed. This distinction could be clinically useful since it allows to identify 
a group of patients with a first unprovoked VTE where stopping the anticoagulation 
could be considered safe, since their risk of recurrence of VTE is similar to that of 
patients with a first event of provoked VTE. Indeed, in this group, the bleeding risk of 
anticoagulation would out-weight the risk of recurrent VTE. Nevertheless, the majority 
of patients remain in the intermediate group, where the decision to carry on 
anticoagulation indefinitely, must be accurately weighed against the bleeding risk. 
The main limitation of our study is the use of a home-made thrombin generation test, 
performed in a highly specialised laboratory, which could reduce the translational value 
of this study since most laboratories will not be able to perform the test routinely.  
The recent introduction of a prophylactic dose (50% of the dose after 6 months of full 
anticoagulation) to carry on long-term anticoagulation with direct oral anticoagulants 
could also be a possible framework where the use to D-Dimer and the thrombin 

185



Chapter 8 

 186 

generation potential could be tested to evaluate if they could be identified patients at 
higher risk of recurrent VTE. 

CONCLUSION 

VWF is a key factor in haemostasis for its role in preventing bleeding (through platelet 
adhesion, platelet aggregation and transportation of factor VIII), but it also increases 
the risk of arterial and venous thrombosis. In particular, VWF appears to be important 
in the thrombotic phenotype associated with inflammation and immunological 
response, as it was described in the COVID-19 pandemic. Besides, VWF has 
important features in regulating cancer spreading and angiogenesis.  
Levels of VWF are regulated by genetic and acquired factors. The VWF increase with 
age is mainly due to acquired factors such as inflammation and decreased renal 
function. The great variability of VWF in the normal population due to blood group and 
age makes the diagnosis of type 1 VWD particularly challenging, especially in case of 
mild VWF deficiency. The increase of VWF and FVIII with age in patients affected by 
mild VWD must be evaluated, to guide replacement therapy with VWF concentrate or 
other haemostatic therapies. 
Gastro-intestinal bleeding is a rare but often severe bleeding manifestation in patients 
with VWD. Its rarity is the cause of the lack of evidence-based guidelines, but a careful 
evaluation of the patient characteristics is the key to clinical choices in this setting. 
The evaluation of thrombotic and bleeding risk is crucial after a first course of 
anticoagulation for VTE, to avoid recurrent thrombotic event, without exposing the 
patients to an excessive risk of bleeding. In this setting, the use of global assays such 
as D-Dimer and the thrombin generation appears promising, but they can only identify 
a minority of patients with a low or high risk of recurrent events. 
 
References 
 
1. Orstavik KH, Magnus P, Reisner H, Berg K, Graham JB, Nance W. Factor VIII and 

factor IX in a twin population. Evidence for a major effect of ABO locus on factor 
VIII level. Am J Hum Genet 1985; 37: 89-101.  

2. Chen J, Chung DW. Inflammation, von Willebrand factor, and ADAMTS13, Blood 
2018; 132: 141–147. 

3. James PD, Connell NT, Barbara Ameer B, Di Paola J, Eikenboom J, Giraud N, 
Haberichter S, Jacobs-Pratt V, Konkle B, McLintock C, McRae S, Montgomery RR, 
O’Donnell JS, Scappe N, Sidonio RJr, Flood VH, Husainat N, Kalot MA, Reem A. 

186



Discussion 

187  

Mustafa RA.  ASH ISTH NHF WFH 2021 guidelines on the diagnosis of von 
Willebrand disease. Blood Adv 2021; 5: 280-300. 

4. Laffan MA, Lester W, O'Donnell JS, Will A, Tait RC, Goodeve A, Millar CM, Keeling 
DM. The diagnosis and management of von Willebrand disease: a United Kingdom 
Haemophilia Centre Doctors Organization guideline approved by the British 
Committee for Standards in Haematology. Br J Haematol 2014; 167: 453-465.  

5. Makris M, Hermans C. The 2021 von Willebrand disease guidelines: Clarity and 
controversy. Haemophilia 2022; 28: 1-3. 

6. Atiq F, Blok R, van Kwawegen CB, Doherty D, Lavin M, van der Bom JG, O'Connell 
NM, de Meris J, Ryan K, Schols SEM, Byrne M, Heubel-Moenen FCJI, van Galen 
KPM, Preston RJS, Cnossen MH, Fijnvandraat K, Baker RI, Meijer K, James P, Di 
Paola J, Eikenboom J, Leebeek FWG, O'Donnell JS. Type 1 VWD classification 
revisited: novel insights from combined analysis of the LoVIC and WiN studies. 
Blood 2024; 143: 1414-1424.  

7. Starke RD, Ferraro F, Paschalaki KE, Dryden NH, McKinnon TA, Sutton RE, 
Payne EM, Haskard DO, Hughes AD, Cutler DF, Laffan MA, Randi AM. Endothelial 
von Willebrand factor regulates angiogenesis. Blood 2011; 117: 1071–1080. 

8. Randi, AM, Smith, KE, Castaman, G. Von Willebrand factor regulation of blood 
vessel formation. Blood 2018; 132: 132–140.  

9. Fressinaud E, Meyer D. International survey of patients with von Willebrand 
disease and angiodysplasia. Thromb Haemostas 1993; 70: 546. 

10. Castaman G, Federici AB, Tosetto A, La Marca F, Mannucci PM, Rodeghiero F. 
Different bleeding risk in type 2A and 2M con Willebrand disease: a 2-year 
prospective study in 107 patients. J Thromb Haemost 2012; 10: 632-638. 

11. Abshire TC, Federici AB, Alvarez MT, Bowen J, Carcao MD, Cox Gill J, Key NS, 
Kouides PA, Kurnik K, Lail AE, Leebeek FWG, Makris M, Mannucci PM, Winikoff 
R, Bertorp E for the VWD PN. Prophylaxis in severe forms of von Willebrand’s 
disease: results from the von Willebrand Disease Prophylaxis Network (VWD PN). 
Haemophilia 2013; 19: 76-81.  

12. Abshire T, Cox-Gill J, Kempton CL, Leebeek FWG, Carcao M, Kouides P, Donfield 
S, Berntorp E. Prophylaxis escalation in severe von Willebrand disease: a 
prospective study from the von Willebrand Disease Prophylaxis Network. J Thromb 
Haemost 2015; 13: 1585-1589.  

13. Peyvandi F, Castaman G, Gresele P, De Cristofaro R, Schinco P, Bertomoro A, 
Morfini M, Gamba G, Barillari G, Jiménez-Yuste V, Koenigs C, Iorio A, Federici 
AB. A phase III study comparing secondary long- term prophylaxis versus on-

187



Chapter 8 

 188 

demand treatment with vWF/FVIII concentrates in severe inherited von Willebrand 
disease. Blood Transfus 2019; 17: 391-398.  

14. Leebeek FWG, Peyvandi F, Escobar M, Tiede A, Castaman G, Wang M, Wynn T, 
Baptista J, Wang Y, Zhang J, Mellgård B, Özen G. Recombinant von Willebrand 
factor prophylaxis in patients with severe von Willebrand disease: phase 3 study 
results. Blood 2022; 140: 89-98.  

15. Frere C, Mazzeffi M, Maier CL, Helms J, Steiner ME, Sullenger BA, Tanaka KA, 
Connors JM, Levy JH. Acquired von Willebrand syndrome during extracorporeal 
membrane oxygenation support: a comprehensive review of current evidence: 
communication from the ISTH SSC on perioperative and critical care thrombosis 
and hemostasis. J Thromb Haemost 2024; 22: 2608-2628. 

16. Jenkins PV, O’Donnell JS. ABO blood group determines plasma von Willebrand 
factor levels: a biologic function after all? Transfusion 2006; 46: 1836-1844.  

17. Palareti G, Legnani C, Cosmi B, Valdré L, Lunghi B, Bernardi F, Coccheri S. 
Predictive value of D-dimer test for recurrent venous thromboembolism after 
anticoagulation withdrawal in subjects with a previous idiopathic event and in 
carriers of congenital thrombophilia. Circulation 2003; 108: 313-318. 

18. Kearon C, Parpia S, Spencer FA, Schulman S, Stevens SM, Shah V, Bauer KA, 
Douketis JD, Lentz SR, Kessler CM, Connors JM, Ginsberg JS, Spadafora L, 
Julian JA. Long-term risk of recurrence in patients with a first unprovoked venous 
thromboembolism managed according to d-dimer results; A cohort study. J 
Thromb Haemost 2019; 17: 1144-1152. 

19. Rodger MA, Le Gal G, Anderson DR, Schmidt J, Pernod G, Kahn SR, Righini M, 
Mismetti P, Kearon C, Meyer G, Elias A, Ramsay T, Ortel TL, Huisman MV, Kovacs 
MJ, REVERSE II Study Investigators. Validating the HERDOO2 rule to guide 
treatment duration for women with unprovoked venous thrombosis: multinational 
prospective cohort management study. BMJ 2017; 356: j1065. 

20. Tosetto A, Iorio A, Marcucci M, Baglin T, Cushman M, Eichinger S, Palareti G, Poli 
D, Tait RC, Douketis J. Predicting disease recurrence in patients with previous 
unprovoked venous thromboembolism: a proposed prediction score (DASH). J 
Thromb Haemost 2012; 10: 1019–1025. 

21. Tosetto A, Testa S, Martinelli I, Poli D, Cosmi B, Lodigiani C, Ageno W, De Stefano 
V, Falanga A, Nichele I, Paoletti O, Bucciarelli P, Antonucci E, Legnani C, Banfi E, 
Dentali F, Bartolemei F, Barcella L, Palareti G. External validation of the DASH 
prediction rule: a retrospective cohort study. J Thromb Haemost 2017; 15: 1963–
1970. 

188



Discussion 

189  

22. Eichinger S, Heinze G, Jandeck LM, Kyrle PA. Risk assessment of recurrence in 
patients with unprovoked deep vein thrombosis or pulmonary embolism: the 
Vienna prediction model. Circulation 2010; 121: 1630–1636. 

23. Eichinger S, Heinze G, Kyrle PA. D-dimer levels over time and the risk of recurrent 
venous thromboembolism: an update of the Vienna prediction model. J Am Heart 
Assoc 2014; 3: 1-9. 

24. Tritschler T, Méan M, Limacher A, Rodondi N, Aujesky D. Predicting recurrence 
after unprovoked venous thromboembolism: prospective validation of the updated 
Vienna Prediction Model. Blood 2015; 126: 1949-1951. 

25. Kyrle PA, Eischer L, Šinkovec H, Gressenberger P, Gary T, Brodmann M, Heinze 
G, Eichinger S. The Vienna Prediction Model for identifying patients at low risk of 
recurrent venous thromboembolism: a prospective cohort study. Eur Heart J 2024; 
45: 45-53. 

26. Tripodi A, Legnani C, Chantarangkul V, Cosmi B, Palareti G, Mannucci PM. High 
Thrombin Generation Measured in the Presence of Thrombomodulin Is Associated 
With an Increased Risk of Recurrent Venous Thromboembolism. J Thromb 
Haemost. 2008; 6: 1327-1333. 

27. van Hylckama Vlieg A, Baglin CA, Luddington R, MacDonald S, Rosendaal FR, 
Baglin TP. The risk of a first and a recurrent venous thrombosis associated with 
an elevated D-dimer level and an elevated thrombinpotential: results of the THE-
VTE study. J Thromb Haemost 2015; 13: 1642-1652. 

 

189


