F W G Leebeek 
  
S Susen 
  
Von Willebrand disease: Clinical conundrums

INTRODUCTION

In this short review, current clinical conundrums on von Willebrand disease (VWD) will be addressed. Despite more knowledge on the pathophysiology of VWD, improvement of diagnostic strategies and advances in clinical care for patients with VWD still several problems and dilemmas remain. In this review, the latest findings regarding the pathology, including controversial borders for definition of the disease, diagnostic dilemma when von Willebrand factor (VWF) levels evolve with age, laboratory issues rendering difficult the classification of the different types of VWD and the current principles of care, including prophylaxis, related to these issues will be addressed. In addition, the importance of the loss of high molecular weight (HMW) VWF multimers in a subset of patients with congenital or acquired von VWD, which can be associated with severe bleeding related to vascular malformations in the gastrointestinal tract or other tissues will be reviewed. Also, the therapeutic options that can be proposed for these severe and difficult to control bleeding episodes in patients with VWD will be discussed.

DIAGNOSIS AND CLASSIFICATION OF VWD

Von Willebrand disease is the most common autosomal inherited bleeding disorder, mainly characterized by mucocutaneous bleeding and is caused by reduced VWF activity.1 Epidemiological studies have indicated that the prevalence of VWD is around 1%, however, far less individuals with reduced VWF activity have bleeding problems that require treatment.2, 3 To make the diagnosis of VWD a well-structured bleeding history should be obtained from every individual patient. For this purpose, various bleeding scores have been developed and optimized in recent years.4, 5 In addition, several laboratory test have to be performed, including VWF antigen (VWF:Ag) and VWF platelet-dependent activity, as measured by the ristocetin-cofactor activity (VWF:RCo), or VWF collagen-binding activity (VWF:CB). As FVIII is bound in circulation to VWF, thereby protecting FVIII from degradation, many patients with VWD also have reduced FVIII levels, which should therefore be determined in individuals suspected for VWD. In addition, VWF multimer analysis and more specific VWF tests are performed to further classify VWD into the various subtypes value of VWF activity level was mentioned at which the diagnosis of VWD type 1 should or can be made. In earlier studies, individuals with a bleeding phenotype and a reduced VWF level of 30-50 IU/dL of normal were considered as mild VWD type 1.8 Sadler proposed to consider these VWF levels as a risk factor for bleeding, rather than a bleeding disorder.9 This, however, makes both patients and doctors unsure how to cope with these individuals. Do they have a bleeding disorder that requires treatment? Do they need to inform family members and advise them to screen for an inherited disease? Therefore, it is of utmost importance to have a strict definition for VWD. Unfortunately, in recent years, several guidelines and reviews have used different cut-off activity levels to diagnose patients with type 1 VWD; some use the lower limit of normal (mean ± 2 SD of the normal population; generally between 50 and 60 IU/dL), others use 40 IU/dL, or 30 IU/dL as cut-off level.10-13 These differences in diagnosis between different continents and even in various countries in Europe are unwanted.

More recent guidelines and reviews use a VWF activity of 30 IU/dL as threshold for diagnosis of type 1 VWD.1, 11 The term "low VWF" has been proposed for patients with a bleeding history and mildly reduced VWF activity levels of 30-50 IU/dL.11, 12 Although these definitions may solve the problem of how to diagnose type 1 VWD, it still does not solve the question whether patients with only low VWF levels and no clear bleeding history has a bleeding disorder and may be in need of treatment. By definition, 2.5% of the population will have levels below the normal range of VWF, and the large majority of these individuals do not have a bleeding tendency at all. So, it is important to acknowledge that data published on patients with "low VWF" are derived from patient cohorts that are referred to a haematology department because of bleeding symptoms. The bleeding symptoms in these patients may even be caused by concomitant (mild) hemostatic defects, such as platelet disorders, which lead to a multifactorial problem.14 This suggests that not every individual with levels below the normal range has VWD or "low VWF." Earlier studies in obligate carriers of type 3 VWD with VWF levels of around 50 IU/dL showed that most of these individuals did not have a bleeding diathesis.15 In 2017, Lavin et al16 studied a large cohort of 126 patients with bleeding symptoms and VWF levels between 30 and 50 IU/dL. These selected individuals had high bleeding scores, but the bleeding scores were not associated with VWF levels within the studied range of 30-50 IU/dL. This was also previously found in other large VWD cohort studies, including the Canadian VWD study, The Zimmerman study and the Willebrand in the Netherlands (WiN) study.17, 18 In both the WiN and the Zimmermann study patients diagnosed with type 1 VWD in the past, who had VWF levels higher than 30 IU/dL at the time of inclusion in the study, had a significant bleeding phenotype and high bleeding scores.18 These studies also found VWF gene mutations in around 40%-60% of individuals with mildly reduced VWF levels (low VWF), whereas these are found in 70%-95% of patients with VWD disease. [START_REF] Lavin | Novel insights into the clinical phenotype and pathophysiology underlying low VWF levels[END_REF][START_REF] Flood | Clinical and laboratory variability in a cohort of patients diagnosed with type 1 VWD in the United States[END_REF] The fact that mutations are found only in a minority of the low VWF patients may indicate that other genetic variations outside the VWF gene are causing reduced VWF levels and the concomitant bleeding phenotype. Indeed is has been shown that besides ABO blood type, a well-known genetic determinant of VWF levels, also genetic variations in genes coding for C-type lectin domain family 4 member (CLEC4M) and Soluble N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE) proteins (including syntaxin binding protein 5 and syntaxin 2) influence VWF levels. [START_REF] Jenkins | ABO blood group determines plasma von Willebrand factor levels: a biologic function after all?[END_REF][START_REF] Van Loon | Effect of genetic variation in STXBP5 and STX2 on von willebrand factor and bleeding phenotype in type 1 von willebrand disease patients[END_REF][START_REF] Rydz | The C-type lectin receptor CLEC4M binds, internalizes, and clears von Willebrand factor and contributes to the variation in plasma von Willebrand factor levels[END_REF][START_REF] Sanders | CLEC4M and STXBP5 gene variations contribute to von Willebrand factor level variation in von Willebrand disease[END_REF] This may be due to increased clearance or reduced secretion of VWF.21, 22 Another possible explanation is that currently used genetic analysis is not capable of finding VWF mutations or variations.

The distinction between low VWF and type 1 VWD is furthermore hampered by the fact that VWF levels are strongly variable over time, for instance due to menstrual cycle, stress, inflammation and comorbidities. In addition, VWF levels are strongly age-dependent. In population studies in individuals above the age of 50, VWF:Ag levels rise with around 20 IU/dL per decade.23 This poses difficulties in the diagnosis of VWD, because individuals who have been diagnosed with VWD in the past may have normal levels when they become older.24, 25 On the other hand, individuals presenting with bleeding symptoms at older age, because they did not have any hemostatic challenges earlier in life, and in whom levels of VWF between 30 and 50 IU/dL are measured at presentation, may have had VWF levels of <30 IU/dL earlier and should therefore be diagnosed as having VWD type 1. All the abovementioned determinants of VWF levels make it difficult to distinguish between low VWF and type 1 VWD based on VWF levels, especially as the bleeding symptoms may be similar. The question remains whether the treatment of individuals with type 1 and low VWF is different.

This will be discussed in the treatment section. The individuals defined as type 3 VWD had higher bleeding scores and lower median FVIII levels as those with severe type 1. The better distinction between severe type 1 and type 3 may also be of importance for the inheritance pattern and the counselling of patients.

Therefore, in addition, genetic analysis may therefore also be part of the diagnostic assessment in type 3 VWD. [START_REF] Peake | Genetic testing for von Willebrand disease: the case for[END_REF] For most patients with type 1 VWD, desmopressin (DDAVP) is the choice of treatment. Type 1 individuals generally respond well and have a sustained normalization of VWF levels after desmopressin infusion. However, it is advised to perform a desmopressin test in every VWD type 1 and type 2 patients at diagnosis to determine the extent and duration of the response. In individuals diagnosed with low VWF, a desmopressin test may not be needed as it has been shown that all patients respond well to desmopressin with a prolonged rise of VWF levels.13, 16 Because of the bleeding phenotype and the high bleeding scores in these individuals, desmopressin treatment is advised; however, the effectiveness and necessity perioperatively is not yet known and should be studied prospectively in low VWF patients.

Another dilemma regarding VWD treatment is the need for treatment in elderly type 1 VWD patients. As mentioned above, VWF levels rise with increasing age. This is not only observed in healthy individuals, but also observed in patients with type 1 VWD.24, 25 In the LOVIC study, it was shown that in low VWF individuals, VWF levels increase by 2 IU/dL per year.16This may lead to normalization of VWF levels in some of the low VWF or VWD type 1 patients. It is still disputed whether normalization of historically low VWF levels leads to reduction in bleeding symptoms. In a study that registered bleeding symptoms over a period of 1 year, elderly individuals (>65 years) with type 1 VWD had a similar bleeding incidence as younger individuals (18-65 years) despite the higher levels of VWF in the elderly. [START_REF] Sanders | Von Willebrand disease and aging: an evolving phenotype[END_REF] This suggests that despite the rise in VWF levels in type 1 patients, the bleeding phenotype still remains and that patients should still be treated. Because treatment of VWD with desmopressin can cause side effects especially in the elderly, including myocardial infarction and stroke, this should be balanced against the benefit of treatment.30 Prospective studies are urgently needed to solve this issue.

Most type 2 and type 3 patients are treated with VWF concentrates. Currently, several plasma-derived VWF concentrates with or without FVIII are available, which may differ between various countries. FVIII/VWF concentrates are still most widely used and have the advantage that infusion of the concentrate leads to an immediate rise of both VWF and FVIII.

Concentrates only containing VWF can also be used, but in emergency situations, FVIII concentrate should also be given to increase FVIII levels to a therapeutic level.31 In elective situations, VWF concentrate can be given the day before the intervention, because endogenous FVIII levels rise to 60 IU/dL after 6 hours. [START_REF] Goudemand | Pharmacokinetic studies on Wilfactin ® , a von Willebrand factor concentrate with a low factor VIII content treated with three virusinactivation/removal methods[END_REF] The advantage of the pure VWF concentrates is that they do not lead to strongly increased FVIII levels after several days of treatment, as this may lead to a higher risk of venous thrombosis.32 Recently, recombinant VWF has become available in the USA for treatment of bleeding episodes in patients with severe VWD.33 However, this is not yet available in many other countries.

PROPHYLAXIS IN VWD

The phenotypic spectrum of VWD is strongly variable. Some patients with type 2 or type 3 VWD have a mild bleeding tendency, whereas others experience severe bleeding problems, such as joint bleeding or recurrent gastrointestinal bleeding (GIB).34 Despite the use of prophylactic treatment with factor concentrates in haemophilia patients for many decades, prophylaxis is not frequently started in VWD patients with a severe bleeding phenotype and VWF concentrates are not even licensed for prophylaxis in many countries. [START_REF] Abshire | The role of prophylaxis in the management of von Willebrand disease: today and tomorrow[END_REF] Although efficacy data are largely derived from case series, recently, some prospective studies have been performed to study the value of prophylaxis in patients with severe VWD.36, 37 This is important because of the potential development of arthropathy in patients with VWD after joint bleeds, which is still under-recognized in these patients.38, 39 Prophylaxis in selected patients with recurrent bleeding episodes reduced the bleeding rate in most individuals, including those with recurrent joint bleeds.37, 40 Therefore, prophylaxis seems to be of benefit for selected patients with severe VWD.41 A study on the use of regular prophylaxis with recombinant VWF concentrate is ongoing. Interestingly, this increased incidence of GIB from ADs is not unique to congenital VWD and is also reported as "Heyde's syndrome" in several high shear cardiovascular disorders associated with an acquired loss of HMW-multimers, mostly aortic stenosis and mechanical circulatory support (MCS).44 Despite improvements in pump's design translating in higher survival rates, GIB and epistaxis are a hallmark of both short-term (extracorporeal membrane oxygenation, ECMO) and long-term MCS (ventricular assist devices, VAD), with a high recurrence rate. Bleeding complications represent therefore a major clinical issue in these patients, as it is plaguing patient management, quality of life, costs and survival.45, 46 Ultimately, severe bleeding may lead to the interruption of some of the antithrombotic medications, which is associated with an increased rate of thrombotic complications including stroke and pump thrombosis.47

VON WILLEBRAND AND THE VASCULAR MEMBRANE

There is still some uncertainty about the mechanism(s) underlying HMW-multimers loss in MCS. Current MCS technology deviates significantly from the native heart function, providing a non-physiological continuous blood flow pattern with increased shear stress. This increased shear stress on blood flowing through the pump converts the coiled VWF multimers into an elongated, highly asymmetric shape, unfolding its A2 domain in the process. This conformational change renders VWF susceptible to cleavage by a plasma protease known as ADAMTS13. As a result, HMW-VWF multimers are reduced in size, and the concentration of cleaved-VWF is increased in virtually all patients implanted with continuous flow MCS.44 This acquired von Willebrand syndrome (AVWS) characterized by a loss of HMW-multimers mimics a VWD type 2A, and this loss of multimers is mainly attributed to increased proteolysis due to high shear conditions. However, this acquired increased proteolysis is difficult to quantify and the relation between increase in proteolysis and bleeding from ADs has never been established. New assays quantifying VWF proteolysis have been developed, but require further validation in large cohorts.48, 49 Increased shear stress does not only induce VWF proteolysis but also promotes VWF binding to its platelet receptor GPIbα. HMW-multimers defect under continuous flow MCS might therefore result not only from an increased cleavage by ADAMTS13 ("2A-like" acquired defect) but also from an increased binding to circulating platelets ("2B-like" acquired defect).

Whether the latter gain of function mechanism could contribute to thrombotic risk in MCS patients, through platelet activation and aggregation, remains to be confirmed.50

PATHOPHYSIOLOGY OF BLEEDING RELATED TO VASCULAR MALFORMATIONS IN CONGENITAL AND ACQUIRED VWD

Intriguingly, despite the HMW-multimers reduction occurs in nearly all patients on MCS, bleeding occurs in only about 50% of the patients and in specific vascular territories (nasal and gastrointestinal tracts). It is hypothesized that both anatomic and haematologic abnormalities could drive the pathophysiology of GIB in patients supported with continuous flow MCS. According to this "2-hit" model, reduced cardiac output in the context of heart failure and/or others patient's-related factors may modulate the development of asymptomatic mucosal vascular alterations. Subsequently after MCS implantation, the bleeding is caused by the acquired VWF defect and the high level of anticoagulation. It suggests that identifying the mechanisms contributing to the development of arterio-venous malformations (AVM) and investigating the degree of mucosal hypervascularity through mini-invasive approaches might therefore be promising to identify patients at high risk of GIB under MCS.51 Several publications have addressed the hypothesis of a dysregulated angiogenesis process in both congenital and acquired VWD.52, 53 Plasma sampled from left ventricular assist device (LVAD) patients have higher serum levels of angiopoietin-2 and promote endothelial angiogenesis in vitro through thrombin-induced angiopoietin-2 expression.54 Other authors suggest that the increase in circulating VWF degradation fragments in VWF-type 2A, aortic stenosis and LVAD patients could promote the development of ADs in the gastrointestinal tract through a pro-angiogenic effect.55 According to this hypothesis, the lack of HMWmultimers does not account for the bleeding phenotype but rather the imbalanced between high and low MW-multimers. Although this hypothesis seems interesting, it does not explain the occurrence of GIB due to AVMs in VWF-type 3 patients, nor in type 2A in whom excess of proteolysis is not implicated and in Glanzmann thrombasthenia. Another pathophysiological mechanism for bleeding in MGS is the shedding of platelet receptors GpIb and GPVI thereby impairing platelet function.56

THERAPEUTIC OPTIONS FOR BLEEDING EPISODES RELATED TO VASCULAR MALFORMATIONS IN THE GASTROINTESTINAL TRACT OR OTHER TISSUES IN PATIENTS WITH VWD

In view of the "2-hit" model, several approaches might be useful to prevent and manage bleeding from AVMs: some aiming to prevent or to eradicate ADs and others aiming to prevent or reduce HMW-multimers defect.

In the setting of congenital or acquired VWD complicated by GIB, it is mandatory to rule out the presence of an active bleeding lesion accessible to endoscopic treatment. If conventional upper and lower endoscopy fails to identify the source of bleeding, a small bowel video capsule endoscopy should be performed to look after small bowel ADs in accordance to European guidelines.57, 58 Indeed, some ADs might be eligible to endoscopic treatment during balloon enteroscopy using Argon plasma coagulation, bipolar electrocautery probes, endoclips or cryotherapy.

In patients with recurrent bleeds or in whom a lesion cannot be localized or treated by endoscopy, several pharmacological approaches might be discussed. In this setting, prophylactic replacement therapy using VWF concentrates can be used in congenital VWD and in acquired VWD associated with monoclonal gammopathy. However, GIB often requires frequent dosing and high dosages of VWF concentrates and rapid prophylaxis escalation which can compromise the patient's adherence to treatment. Indeed, prophylactic intravenous VWF infusions seem less effective to control GIB than other bleeding complications such as menorrhagia, hemarthrosis or epistaxis.37

In the specific setting of MCS, there is currently no evidence supporting the use of VWF concentrates which might have limited efficacy due to the short half-life of VWF. However, the use of VWF concentrates has been reported in some cases.59 Lowering antithrombotic therapy might be elected for severe bleedings but conveys the risk of subsequent stroke and pump's thrombosis. According to International Society for Heart and Lung Transplantation guidelines, lowering pump's speed to restore some degree of arterial pulsatility is another option in the case of recurrent GIBs from ADs.60

In the setting of Heyde's syndrome associated with cardiac valvular diseases, the AVWS is reversed almost immediately upon surgical or transcatheter valvular replacement.61

In case of refractory GIBs not eligible to endoscopic treatment and VWF replacement therapy, consideration may be given to antiangiogenic drugs such as thalidomide, octreotide or statin, although these drugs are not licensed for this indication. However, data surrounding their overall efficacy and safety in both congenital and acquired VWD are mostly based from case reports and small series. In MCS, it has recently been shown in a multicentric study that secondary prophylaxis with octreotide reduces the recurrences of GIBs.62

In these challenging patients, the development of targeted drugs preventing HMW-multimers loss without increasing platelet adhesion and aggregation would be an attractive option. Doxycycline, an inexpensive and commonly prescribed tetracycline antibiotic, has been shown to inhibit proteolytic cleavage of VWF in the presence of LVAD-associated shear stress at plasma concentrations of 5-20 mg/dL, which are at least 10-fold higher than the usual standard dosing.63 A monoclonal antibody anti-VWF D4 domain partially inhibiting VWF binding to ADAMTS13 was also reported to prevent endogenous HMW-multimers cleavage in a mock circulatory loop LVAD model.64

CONCLUSIONS

Despite increasing knowledge and insights into the diagnosis, pathophysiology and management of VWD, still several issues and questions still remain. This accounts both inherited VWD as the AVWS associated with mechanical circulatory support. In this concise review, we have addressed several of the current clinical conundrums, but many more are to be discussed. In the Table 1, we have mentioned some of these questions which may help to define areas for further research for the VWD research community to achieve improvement of the diagnostic approach of VWD and improved treatment for patients with VWD.

(

  see Ng et al6 for a recent review). Type 1 VWD is characterized by a partial quantitative defect of VWF and type 2 VWD by a qualitative defect. Type 3 is due to a quantitative defect with very low or no circulating VWF. The most recent ISTH classification of VWD dates back to 2006.7 Type 1 includes patients with bleeding symptoms with a partial quantitative deficiency of VWF (VWF:RCo/VWF:Ag ratio >0.6). Plasma VWF may contain mutant subunits, but has normal functional activity relative to antigen level. In addition, the proportion of large multimers should not be decreased significantly. Importantly, VWD is not restricted to individuals with VWF gene mutations. In the 2006 classification, type 2 is well defined, as reduced VWF activity levels and a VWF:RCo/VWF:Ag ratio ≤0.6. Several subtypes can be distinguished based on the laboratory phenotype. Type 3 is defined as individuals with virtually complete deficiency of VWF. In most type 3 cases, VWF:RCo, VWF:CB and VWF:Ag are <5 IU/dL and FVIII levels are <10 IU/dL.7 The ISTH VWF classification has been in use now for over 10 years, but has some limitations and some problems still arise to classify patients even when performing all advised VWF assays. The most difficult to diagnose subtype of VWD is type 1. Many individuals in the general population have slightly reduced VWF levels below the normal range and also have experienced bleeding symptoms in the past. How do we distinguish them from patients with type 1 VWD who are diagnosed with an inherited bleeding disorder and are in need of treatment for interventions in the future? In the 2006 ISTH classification, no clear cut-off

  Also in the diagnosis of type 2 VWD, some issues still remain, despite recent improvements made in VWF assays and genetic testing. The current definition of the ISTH has limited the subtypes of type 2 to 2A, 2B, 2M and 2N. Still classifying individuals with type 2 may be difficult, for instance differentiating type 2A from type 2M.26 Some individuals diagnosed with type 1 based on the VWF:RCo/VWF:Ag ratio have an abnormal multimer pattern, suggestive of a functional defect.27 In addition, in VWD databases (amongst others: www.vwf.group.shef.ac.uk), many mutations linked to individuals classified as type 1 are also described in individuals with type 2 VWD. Therefore, classification of type 2 is not always clear. Despite the strict definition in the ISTH classification of type 3 by a level of VWF:Ag <5 IU/dL, the diagnosis of VWF-type 3 may also be not always straightforward. Some severe type 1 cases may have very low VWF:Ag and VWF:RCo levels and may therefore be misclassified as type 3. In the WiN study, VWF propeptide (VWFpp) was measured in individuals diagnosed with type 3 VWD according to the 2006 ISTH classification.28 The aim of the study was to distinguish "real" type 3 from severe type 1 patients based on the presence or absence of VWFpp. Patients without circulating VWFpp were defined as type 3.

  Gastrointestinal bleedings from angiodysplasias (ADs) are frequently observed in congenital VWD, but almost exclusively in patients lacking high-molecular-weight (HMW-) VWF multimers (Types 2A, 2B or 3).42 It is established from in vitro and in vivo studies that VWF can regulate angiogenesis through multiple pathways, indicating that VWF may be involved in the pathogenesis of ADs beyond the control of hemostasis.43 In VWD type 2A, mutations in VWF induce defects in multimerization, secretion, regulated storage or an increased degradation of multimers by ADAMTS13 (a disintegrin-like and metalloprotease with thrombospondin type I repeats 13).