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Introduction

Von Willebrand Disease (VWD), the most common inherited bleeding disorder, is defined
by decreased activity of von Willebrand Factor (VWF) activity in the blood. This can

be secondary to a quantitative or qualitative defect. VWF is a multimeric glycoprotein
synthesized in endothelial cells and megakaryocytes and then stored within Weibel Palade
bodies and alpha granules respectively. It is cleared by macrophages in the liver and spleen.
Lack of VWEF function, either through quantitative or qualitative defects, leads to a bleeding
phenotype due to its critical role in primary and secondary hemostasis. Within primary
hemostasis, VWF binds extracellular matrix proteins such as collagen, as well as platelets
through the glycoprotein Ib receptor. In secondary hemostasis, VWF acts as a chaperone to
factor VIII (FVI1II) to prevent premature clearance and degradation.

History

VWD was originally identified in 1926 by Dr. Erik Adolf von Willebrand who described a
familial pedigree of 58 individuals from two interrelated families spanning four generations.
The proband was a five-year-old girl who presented with recurrent severe mucosal

bleeding and on testing demonstrated normal clotting time and clot retraction, but marked
prolongation of her bleeding time (1,2). Within the pedigree, both males and females

were affected, and bleeding was severe, with multiple female family members, including
the proband, dying secondary to mucosal bleeding. Diagnostic testing available in the

early to mid-1900s was non-specific, cumbersome, not reproducible, and time consuming.
Measurement of FVIII coagulation activity (FVIII:C) was first available in the mid-1900s
and led to diagnostic confusion as deficiency was seen in classical hemophilia as well as the
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condition later defined as VWD (3,4). This led to the label of “pseudo-hemophilia” though
others called the disorder “vascular hemophilia” as it was hypothesized that the prolonged
bleeding time could be secondary to capillary defects (5,6). Correction of the bleeding time
defect with normal, as well as hemophilic plasma, confirmed that the defect lay outside of
FVIII in the late 1950s (7) but it was not until the mid-1970s that VWF antigen testing

was possible through immunoprecipitation(8). A plethora of diagnostic assays have been
developed and development continues as currently available assays each have their own
unique limitations.

Prevalence/lnheritance

Symptoms

The prevalence of VWD based on abnormal laboratory parameters alone is approximately
1in 100, while the clinical prevalence, taking into consideration only those patients

with bleeding symptoms, is likely closer to 1 in 1000 (9,10,11). VWD is inherited in

an autosomal manner so males and females are affected equally. However, women are

more likely to have symptomatic bleeding given the additional hemostatic challenges of
menstruation and childbirth (12). Most commonly, VWD inheritance is autosomal dominant,
but autosomal recessive inheritance is seen in Type 3 and Type 2N (13). Type 1 VWD

is the most common subtype, seen in 70-80% of patients with VWD. Type 2 is seen in
approximately 20% of patients and Type 3 is rare, occurring in <5% of cases (14).

Mucocutaneous bleeding is common in patients with VWD although symptoms are variable
based on the subtype, level of VWF activity, age and sex. The most commonly reported
symptoms of VWD are outlined in Table 1(15,16) and should be specifically elucidated in
the patient history. Particular attention should be paid to details of menses as women may
not recognize bleeding as abnormal, especially in the setting of a family history of similar
bleeding.

In addition to mucocutaneous bleeding, patients with VWD may suffer from gastrointestinal
bleeding or joint bleeding. Recurrent gastrointestinal bleeding is a distinctive, difficult to
treat, symptom of VWD which is often associated with angiodysplasia. It is more common
in the elderly and in patients with type 2A and type 3 VWD. Joint bleeding is seen in 5-10%
of patients with type 1 and type 2, and approximately 50% of patients with type 3 (17). Risk
for joint bleeding is largely dependent on FVIII activity level and can lead to significant
arthropathy (18).

Standardized bleeding assessment tools (BATS) have been validated to help identify
significant bleeding phenotypes (19, 20) though their utility is limited in younger patients
who may not have encountered hemostatic challenges or in patients treated prophylactically.
They also rely on cumulative scoring so that if a patient has previously had a lot of bleeding
but is no longer having symptoms, their score will remain elevated. Lastly, they are easily
saturable in that one episode of very severe bleeding within a subtype of bleeding will result
in the same score as someone who has frequent episodes. Use of BATSs is recommended
when there is a low suspicion for VWD to help determine which patients require laboratory
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testing, but if a high suspicion for VWD exists, current guidelines suggest proceeding
directly to laboratory testing (21).

Classification

Diagnosis

VWD can be due to a quantitative or qualitative deficiency of VWF and is subdivided

into types based on the underlying defect. Type 1 and 3 are quantitative defects with

Type 1 defined as a partial deficiency and Type 3 resulting from an absolute deficiency of
VWE. Type 1 includes Type 1C, a subtype defined by increased clearance of VWF. Type 2
comprises qualitative defects and is further divided into multiple subtypes. Type 2A results
from a defect in multimerization while types 2B,2N, and 2M are secondary to abnormal
ligand binding: increased binding to GPIb, defective binding to FVIII, and defective binding
with normal multimers respectively.

Testing for VWD should only be performed in patients with a personal or family history of
bleeding. Once a personal or family history of bleeding has been established, laboratory
testing is recommended. No single laboratory assay can definitively diagnose VWD.
Diagnosis is further complicated by low penetrance, variable expressivity, lab variability, and
the large number of modifiers affecting an individual’s VWF level. The use of laboratories
that utilize off-site processing are subject to many potential pre-analytical variables that
affect VWF assays and can lead to falsely low levels and misdiagnosis of VWD (22). VWF
levels are influenced by genetic, environmental, hormonal and pathologic processes. As an
acute phase reactant, inflammatory processes cause elevation (23,24). Similar increases are
seen in pregnancy, aging, exercise, oral contraceptives, and exposure to cigarette smoke

or air pollution (25-30). As such, interpretation of VWF assays must be approached with
caution and multiple evaluations are typically needed.

Screening assays such as a complete blood count, activated partial thromboplastin time
(@PTT) and prothrombin time, are likely to be normal in the majority of patients with
VWD and thus are of little utility. The aPTT may be prolonged in more severe cases

and patients with type 2B may exhibit thrombocytopenia. Initial testing for VWD should
include quantitative measurement with VWF antigen (VWF:Ag), a platelet binding assay
such as the VWF-ristocetin cofactor assay (VWF: RCo), and FVII1I:C. A functional assay is
necessary as antigen testing alone will miss some type 2 patients, and in order to classify
types appropriately. Within these first-tier tests, clinical variability is significant at 30%

for VWF:RCo and 20% for VWF:Ag (31, 32) although some observed differences in the
VWF:Ag may be due to changes with age or stress.

The VWF:RCo assay is the most commonly used platelet binding assay and exploits

the ristocetin induced interaction between VWF and GP1bM, which results in platelet
agglutination. Although widely available, the VWF:RCo assay is limited by poor
reproducibility, high coefficient of variation, low sensitivity at very low VWF levels, as
well as falsely low VWEF activity seen with certain benign sequence variations (32,33).
The p.D1472H variant has been seen in up to 67% of subjects with African ancestry and
20% of subjects with Caucasian backgrounds (33). Given these limitations, other platelet
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binding assays have been developed. The VWF:GPIbM assay allows VWF to bind platelets
spontaneously in vitro without the use of ristocetin by introduction two gain of function
mutations into GPIba (34). Although results from VWF:RCo and VWF:GPIbM demonstrate
a degree of correlation, GPIbM is more precise with a lower limit of detection of 2

IU/dL and a coefficient of variation of 5.6% (35) but is less readily available in many

places. Neither assay is physiologic as shear stress is not used to induce the VWEF platelet
interaction. The latest ASH/ISTH/NHF/WFH guidelines published earlier this year reviewed
VWF:RCo, VWF:GPIbM, and VWF:GPIbR to reach a low certainty recommendation to use
GPIbM. Although all three assays were judged to have comparable test accuracy in terms

of sensitivity and specificity, the lower coefficient of variation, increased reproducibility, and
lack of false positives due to benign sequence variations contributed to this recommendation
(212).

The platelet binding activity/\VWF antigen ratio is used to differentiate between type 1 and
type 2 VWD, with type 2 characterized by an activity/antigen ratio <0.7 (21). In addition to
differentiating between type 1 and type 2 VWD, this ratio is essential in diagnosis as some
patients with type 2 VWD will have normal platelet binding activity and VWF antigen but
an abnormal ratio. If the platelet binding activity/\VVWF antigen ratio is normal, consistent
with a diagnosis of Type 1 VWD, a desmopressin trial or the VWF propeptide (pp)/VWF
antigen ratio can be used to evaluate for type 1C. Recent guidelines (21) recommend a
desmopressin trial as the VWFpp/VWF:Ag ratio can be normal in the setting of rapid
clearance (36). If platelet binding activity/VVWF:Ag ratio is <0.7, additional testing is
necessary to identify the type 2 subtype. Multimer evaluation is performed using qualitative
visual assessment and quantitative densitometric assessment by gel electrophoresis. Findings
on multimer evaluation for VWD types are seen in Figure 1. In addition to binding of

FVIII and platelets, VWF also binds exposed collagen following vascular injury. VWF binds
to multiple different collagen types and is dependent on high molecular weight (HMW)
multimers. As binding to collagen types | and 11 is particularly reliant on HMW multimers,
testing for this binding can serve as a surrogate for multimer analysis (37). As such, this
testing serves dual purposes of investigating for collagen defects, as well as evaluating
multimer status. Of note, collagen binding defects have also been described in patients

with type 1 VWD as well and are associated with a more severe phenotype (38). Collagen
binding or multimer analysis should be performed in patients suspected of having types 2A,
2B and 2M. Abnormal VWF:CB or multimers is consistent with types 2A and 2B, whereas
normal VWF:CB and multimers indicates a type 2M diagnosis.

Patients with type 2B VWD may have thrombocytopenia secondary to increased binding
of VWEF to platelets leading to premature clearance. Historically, ristocetin induced platelet
aggregation (RIPA) has been used to differentiate between types 2A and 2B. Using an
aggregometer, various concentrations of ristocetin are added, and platelet aggregation
measured. Aggregation at concentrations <0.7 mg/mL or less are consistent with increased
VWEF binding to GPlb. Pathogenic variants which cause type 2B are found in exon 28, so
targeted genetic testing can also be used. Patients with type 2N VWD can have normal

or low normal levels of VWEF in addition to low FVIII levels. The FVIII/VWF:Ag ratio

can be used to help identify type 2N, as this group will have a FVIII/VWF:Ag ratio <0.6.
As patients with hemophilia A will have a similar ratio, and FVIII is decreased, further
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testing should be performed to differentiate type 2N from hemophilia A. An ELISA assay
is available to evaluate VWF FVIII binding using an exogenous source of FVIII, as well as
identify asymptomatic carriers (39). Alternately, targeted genetic testing can be performed
(21). Given significant laboratory variability in type 2 diagnosis (40) and the importance
of accurate subtyping, genetic testing has emerged as an adjunct for patients suspected of
having type 2 VWD.

Genetic testing is being increasingly utilized in the diagnosis of VWD with increasing
availability and decreasing costs. As with all testing, genetic testing is not without flaws.
One drawback is the considerable variability seen in the VWF gene even within healthy
cohorts (41). For type 1, the most common subtype, there is weak correlation between
sequence variants and disease (42). A number of variants outside the VWF locus have
also been implicated as modifiers of VWF levels including ABO blood group, CLEC4M,
SCARAD5, STXBP5, and UFM1 (43).

Controversies

One topic that has been the source of controversy is the laboratory threshold to meet
diagnostic criteria for VWD. As previously discussed, approximately 1% of the population
demonstrate low VWEF levels on testing, but the prevalence of clinically relevant disease

is likely much lower. As such, there is a good proportion of the population with low

VWEF levels without accompanying bleeding symptomatology. Conversely, mild bleeding
symptoms are also commonly reported in healthy populations (44). Patients with VWF
levels < 30 1U/dL are more likely to have VWF coding mutations and autosomal dominant
family inheritance (45) compared to those with levels of 30-50 IU/dL. Given the differences
in these two groups, some have advocated that patients with VWEF levels between 30-50
IU/dL be labelled as having low VWF, a modest risk factor for bleeding, rather than
diagnosed with a disease. The most recent guidelines strongly recommend a diagnosis of
VWD in patients with a bleeding history and levels <50 1U/dL. Of note, these guidelines
referenced data demonstrating similar bleeding across the range of VWF levels (46,47), as
well as data demonstrating significant bleeding in the majority of patients with VWF levels
between 30-501U/dL (48). Clinician judgement remains an important consideration, and
patients with modest decrease in VWF level may require evaluation for additional bleeding
disorders such as platelet function defects that could contribute to the bleeding phenotype.

Another area of dispute relates to the increase in VWF levels that is seen with normal

aging (49). Given this, patients, especially those with modestly low levels at diagnosis, may
have levels in the normal range at older ages. Observational studies have shown that this
normalization occurs in ~43% of patients (21). It is not known whether this normalization
of levels translates to decreased risk for bleeding. One study examining bleeding symptoms
in type 1 VWD patients found that patients older than 65 years of age experienced as much
bleeding as those 18-65 years of age (50). As such, the normal increase in levels seen

with age may not correlate with normalization of bleeding. The recent VWD guidelines
addressed the question of whether patients whose levels normalize with age should still carry
a diagnosis of VWD and recommended reconsidering the diagnosis, rather than removing it
(21). Interestingly, type 2 VWD patients may see an increase in antigen levels but still have
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dysfunctional protein and report increased bleeding with age (50). Conversely, one study
that evaluated VWF levels in young children prior to tonsillectomy found decreased levels
to be relatively common and not predictive of bleeding risk (51), suggesting bleeding history
may be as important as the absolute VWF level.

Treatment of VWD centers around replacing the deficient or defective VWF. For patients
with a history of frequent severe bleeding, long term prophylaxis with VWF replacement

is recommended (52). A randomized controlled trial comparing prophylaxis to on demand
treatment found extended time to first bleed, reduced bleeding episode risk, and decreased
epistaxis with prophylaxis (53). Observational trials have similarly demonstrated reduced
bleeding episodes, hospitalizations and heavy menstrual bleeding with prophylaxis (54-62).
Current products available for VWF replacement include plasma derived and recombinant
products, as well as products with and without FVII1. Commercially available products

and dosing recommendations can be found in Table 2. When using combined VWF/FVIII
products, it is important to note that once infused, the half-life of FVIII is longer than that
of VWF. In addition to the exogenously infused FVIII, the infused VWF will stabilize
endogenous FVIII which can lead to accumulation. Elevated FVIII levels are a risk

factor for the development of venous thromboembolism (VTE) (63) and cases of VTE

have been described in VWD patients with elevated FV111 secondary to treatment (64).
Replacement products with VWF alone may be preferable in patients with other risk factors
for thrombosis (65). For patients with VWD and associated low FVIII levels, replacement
products with VWEF alone require a FVII1 priming dose or sufficient time for endogenous
levels to rise. Compiled recommendations for surgical prophylaxis can be found in Table 3.

In many patients with type 1 and type 2 VWD, desmopressin, a synthetic analog of
vasopressin, can be used to increase VWF levels without VWF replacement and is the

most widely used drug in VWD (66). Desmopressin stimulates release of endogenous VWF
and FVIII from endothelial cells, leading to a transient increase in levels. It is available

in intravenous (1V), subcutaneous (SC), and intranasal (IN) preparations. Recommended

IV and SC dosing is 0.3 pg per kilogram of body weight (up to 20 mcg), and IN

dosing is 150 g (one spray) in patients <50 kg or 300 ug (2 sprays) in patients >50

kg. Subcutaneous and intravenous formulations increase VWF and FVIII levels 2—4 times
baseline within 30-60 minutes of administration (67) and can be repeated every 12 to 24
hours. Tachyphylaxis (reduced response to successive doses) occurs after 2-3 days. The
intranasal formulation has variable absorption and results in a more modest increase in
levels. Not all patients with VWD will respond to desmopressin. Given its mechanism of
action, it requires a pool of endogenous VWF and therefore is not effective or recommended
in type 3 VWD. Desmopressin is generally contraindicated in patients with type 2B VWD,
as increasing defective VWF can lead to increased binding of VWF and platelets, worsening
thrombocytopenia. While many patients with type 2A and 2M VWD may have improvement
of minor symptoms with desmopressin, VWF levels typically do not have a sufficient rise
with desmopressin to allow its use for surgery or major bleeds. Patients with type 1C VWD
are characterized by premature clearance of desmopressin so identification of these patients
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is imperative as they are likely to demonstrate an initial response followed by a drop to
baseline within 2—4 hours.

A desmopressin trial is recommended to diagnose type 1C and prior to use in patients

with type 1 and levels <3 01U/dL (21,52). The majority of type 1 patients are responsive

to desmopressin (68,69). In adults, patients with levels >30 IU/dL typically respond to
desmopressin (52) so may not require a trial prior to use. There is no consensus for how

a desmopressin trial is conducted but FVI1I1 and VWF levels are commonly assessed at
baseline, 1 hour post infusion, and 4 hours post infusion. Response has also been defined
variably with a recent proposal to define it as an increase of at least 2 times baseline VWF
activity level and sustained increase of FVIII and VWF above 50 IU/dL for at least 4 hours
(70). As this level is inadequate for some procedures, desmopressin responsive patients
may at times require VWF concentrate. Adverse effects of desmopressin are typically mild
(tachycardia, flushing, headache) but occur frequently. Due to its antidiuretic effect, there is
a risk of hyponatremia and fluid overload. As this risk is greatest in the youngest children,
its use is not recommended in children less than 2 years of age (52). For all others,

fluid restriction and electrolyte monitoring when repeated doses are given is recommended.
Desmopressin is not recommended for use in patients with active cardiovascular disease,
seizure disorders, women with preeclampsia, and patients with type 1C VWD in situations
which require sustained response (52).

Supportive treatments such as hormonal treatments and antifibrinolytics are commonly
used in patients with VWD depending on the type of bleeding. Tranexamic acid and
e-aminocaproic acid are antifibrinolytics which act by blocking plasminogen binding
sites to prevent fibrin degradation. Due to high fibrinolytic activity in mucosal tissue,
antifibrinolytics are particularly helpful for mucosal bleeding (71). Antifibrinolytics also
play a role in the treatment of heavy menstrual bleeding. Tranexamic acid (TXA) has
been shown to decrease menstrual blood loss (MBL) by 50% (72) and in a randomized
controlled cross over trial demonstrated greater efficacy than desmopressin in reducing MBL
in patients with VWD(73). Due to their low cost and favorable side effect profile, they

are often used as an adjunct in other settings. Antifibrinolytics can be given systemically,
via intravenous or oral formulations, or topically. They should not be used in patients with
urinary tract bleeding as this can lead to clotting and ureteral obstruction(74).

Given the high rate of HMB in women with VWD, hormonal treatments are also commonly
used. In women not desiring pregnancy, combined hormonal contraceptives (CHC) and the
levonorgestrel intrauterine device (IUD) have shown benefit in decreasing MBL. CHCs
lead to non-ovulatory bleeding and decrease bleeding during the placebo week when taken
cyclically and greatly reduce days of bleeding when taken continuously (75). The IUD
decreases MBL by increasing capillary thrombosis and suppressing endometrium and spiral
arteriole growth. A systematic review found that in comparison to TXA and CHC, IUDs
decreased MBL by both objective and subjective measures (76). In patients with HMB
desiring pregnancy, TXA is recommended (52). Women with HMB should also be assessed
and treated for iron deficiency and iron deficiency anemia.
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In addition to heavy menstrual bleeding, women with VWD are at risk for bleeding
associated with pregnancy and delivery. In the case of pregnancy in a patient with VWD,

a multidisciplinary approach should be utilized with input from hematology, pediatric
hematology, obstetrics, and anesthesiology. During pregnancy, women undergo physiologic
changes to tip the balance of hemostasis toward a procoagulant state to prepare for delivery
(77). Many changes occur including an increase in VWF and FVI11 which both peak shortly
after birth and return to normal by twelve weeks postpartum(78). In patients with Type

1 VWD VWF and FVIII levels increase over the course of pregnancy, particularly during
the third trimester to 2—3 times their baseline level at delivery(79). Unfortunately, not all
women, even those with mild disease, mount this physiologic response. In Type 2 patients,
VWF:Ag and FVIII levels may increase but function remains abnormal. In patients with
type 3 VWD, VWEF and FVI1II remain low throughout the pregnancy. Given the variable
increase in FVIII and VWEF during pregnancy, VWEF testing including functional activity,
antigen, and FVIII should be done between 30-34 weeks gestation (80). Prior guidelines
suggest treating with desmopressin or factor concentrate for functional VWF levels <50
IU/dL (81). However, this has been debated in recent years given data on Type 1 VWD with
postpartum hemorrhage (PPH) despite normalization of endogenous VWF and FVIII levels
(82). Furthermore, in another study, PPH was seen in 50% of VWD patients treated with
VWEF concentrate targeting levels >100 1U/dL, suggesting that women with VWD may need
higher levels in the postpartum setting (83).

Women with VWD who desire or require neuraxial anesthesia during delivery should
receive VWF concentrate to achieve VWF levels of 50 to 150 1U/dL (52) although higher
levels may be required to prevent PPH. TXA has also been shown to decrease the risk

of PPH in women with and without bleeding disorders (84, 85). TXA is recommended
postpartum for women with Type 1 VWD, as well as possibly Type 2 and Type 3 VWD (52)
with recommendations to continue for 7-15 days depending on bleeding risk (86).

Complications

A rare complication of VWD is the development of alloantibodies. It is estimated that
5-10% of patients with Type 3 VWD will develop antibodies following VWF factor
concentrate administration (87). Patients with partial or complete gene deletions are at
highest risk (88). The development of inhibitors renders treatment with VWF concentrate
ineffective. Recombinant FV 111 products have shown to be effective for procedural
hemostasis, but prophylactic use is limited given the incredibly short half-life in the absence
of VWF (89). Bypassing agents such as recombinant factor Vlla are also used (90), and
recent reports demonstrate efficacy with emicizumab, a bispecific antibody FVIII mimetic
(92).

Another challenging situation is the development of comorbidities which require the use of
antiplatelet or anticoagulant therapy. Despite bleeding risk, patients with VWD requiring
antiplatelet or anticoagulation therapy should receive this treatment. Patients at severe risk
for bleeding may require specific VWF replacement to mitigate this risk (52). Careful
clinical monitoring is indicated with regular reassessment of risk.
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Optimal treatment for patients with VWD requires suspicion of the diagnosis since

ecific testing is required. Understanding the available laboratory tests is also important
determine if a patient has VWD and if so, what type of VWD is present as that will

help determine appropriate treatment. Accurate treatment of VWD ameliorates bleeding
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Key points:
. VWD is the most common inherited bleeding disorder.
. Multiple laboratory tests are needed for an accurate diagnosis of VWD.
. Treatment of patients with VWD includes desmopressin, antifibrinolytics, and

VWEF concentrates.
Synopsis

Von Willebrand disease (VWD) is a common bleeding disorder, affecting males and
females equally, that often manifests in mucosal bleeding. VWD can be secondary to a
guantitative (Type 1 and Type 3) or qualitative (Type 2) defects in Von Willebrand factor.
Initial testing includes VWF antigen, as well as a platelet binding assay to differentiate
between qualitative and quantitative defects. Further subtyping requires additional testing
and is needed to ensure appropriate treatment. Desmopressin, antifibrinolytics, hormonal
treatments for heavy menstrual bleeding, and VWF concentrates are commonly used in
the treatment of VWD.

Clinics Care Points

. Patients with significant history of mucosal bleeding merit evaluation for von
Willebrand disease

. Accurate diagnosis requires evaluation of VWEF antigen as well as platelet
binding activity in order to determine if a patient has a quantitative (type 1 or
type 3) or a qualitative (type 2) defect in VWF.

While most patients with type 1 VWD respond well to desmopressin, there are patients
with clearance defects and a short VWEF half-life that require treatment with VWF
concentrate.
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Fig. 1.
An algorithmic approach to diagnosis.
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Fig. 2.
Findings on multimer evaluation for VWD types.
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Table 1.

Most commonly reported symptoms in patients with VWD

Symptom Proportion of Patients
Heavy Menstrual Bleeding 75-100%
Excessive Bruising 62-81%
Oropharyngeal Bleeding 64%
Epistaxis 56%

Post Dental Procedure Bleeding 26%
Post-Surgical Bleeding 24%
Excessive Bleeding from Wounds 24-58%
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Table 2.

Currently approved VWF concentrates in the United States

Product Type VWEF RCo:VWF Ag ratio | VWF RCo:FVIII ratio | Mean half life (hours)
Alphanate | Plasma derived | 0.47 £0.1 1.33+0.26 17.9+96

Humate Plasma derived | 0.59 £0.1 245%03 ~12.2

\Vonvendi Recombinant 1.16 £0.25 No FVIII 21.9+8.36

Wilate Plasma derived | NA 1.0 19.6+6.9
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Recommendations for Surgical Prophylaxis (52, 92-95)

Table 3.

Page 20

Pre-operative VWF:RCo

Pre-operative

Post-operative VWF:RCo

Post-operative FVIII:C

FVIII:C
Major Surgery
Nichols et al >100 >100 =50 for 7-10 days 250 for 7-10 days
Laffan et al >100 >100 >50
Castaman et al 80-100 80-100 80-100 for 36h, >50 for 5-10

days

Windyga et al >50 >80-100 >30 for days 1-14 gS&for days 1-7, >30 for days
Flood et al >50 for at least 3 days >50 for at least 3 days

Minor Surgery

alone in Type 1 VWD
patient with levels >30,

mild bleeding phenotype and
minor mucosal procedure

Nichols et al >30, preferably >50 >30, preferably >30, preferably >50 for 3-5 >30, preferably >50, for 3-5
>50 days days

Laffan et al >50 >50

Castman et al >30 >302-4d

Windyga et al >50 >80-100 >30 for 3-5 days >50 for 3-5 days

Flood et al 250 + TXA or TXA
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