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Abstract In patients with von Willebrand disease (VWD), replacement therapy may be indicated
in the case of spontaneous bleeding, surgical interventions and injuries/trauma or as a
prophylaxis of spontaneous bleeding episodes. The deficient von Willebrand factor
(VWF) is replaced with or without factor VIII (FVIII). Dual VWF/FVIII concentrates can be
beneficial in the case of low FVIII level, while repeated dosingmay lead to very high FVIII
levels, with a potential thrombogenic effect in individual VWD patients. An excessive
FVIII:C increase can be limited by using a VWF product with a low level of FVIII,
achieving a haemostatic adequate FVIII:C increase after 6 to 12 hours. Replacement
therapy in patients with VWD shall be individualised considering VWD type, history and
risk of bleeding and risk of thrombosis, as well as indication and the individually variable
VWF and FVIII increase. Deviations from the dosages and minimum trough levels
mentioned in guidelines or recommendations can be considered in justified cases. The
objective of this review is to provide recommendations for specific constellations of
replacement therapy based on the VWD-specific guidelines available in Europe, the
available evidence, own experiences and the consensus of the interdisciplinary German
author group.
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Introduction

VonWillebrand disease (VWD) is a quantitative (type 1, type
3) or qualitative (type 2) impairment of von Willebrand
factor (VWF).1 VWD can be congenital or acquired and
impairs haemostasis by:

• Interference with VWF-mediated platelet binding to the
subendothelium in situations of vascular damage (prima-
ry haemostasis).

• The coagulation process caused by a deficiency of circu-
lating FVIII,2 which is rapidly cleared from the circulation
if not bound to VWF (FVIII/VWF ratio: 1:50).3

Mediation of platelet adhesion and aggregation depends
particularly on high-molecular-weight VWF multimers
(5,500–10,000 kDa), while FVIII binding can also be achieved
with low-molecular-weightVWFmultimers (500–2,500kDa).4

The diagnosis of VWD and subtypes is made based on a
conspicuous own or family history of bleeding with con-
firmation using appropriate laboratory tests as described
elsewhere in detail.5 The diagnostics should include anti-
gen (Ag) and function tests at a plasma and platelet level
[VWF:Ag, VWF:Ristocetin cofactor (VWF:RCo) or test var-
iants, VWF:collagen binding (VWF:CB) and factor VIII co-
agulant (FVIII:C)], might need further subtyping tests such
as assays of VWF multimers and Ristocetin-induced plate-
let aggregation, and can be substantiated by molecular
genetic examinations.6 The severity of clinical tendency
to bleed does not necessarily correlate with the VWD type
and laboratory results.7,8 Patients with VWD should be
equipped with an emergency health card that is updated
on a regular basis.

Therapeutic Options

In addition to supportive measures (e.g., tranexamic acid
especially in the case ofmucosal bleeding, oral contraception
in the case of menorrhagia, iron replacement), the following
treatment options can be considered:

• Mobilisation of stored VWF using desmopressin (1-desa-
mino-8-d-arginine vasopressin, DDAVP).

• Replacement of deficient VWF with or without the addi-
tion of FVIII.

Since endogenous FVIII production is intact in the case of
congenital or acquired forms, the lack of circulating FVIII can
be compensated if sufficient functional VWF is made avail-
able in the plasma.

In patients with VWD type 1, DDAVP is effective in
most cases. DDAVP can be contraindicated in type 2B and,
of note, DDAVP is not useful in type 3 cases. Whenever
possible, a DDAVP test infusion should be given prior to
the initiation of treatment to investigate the individual
response.9 If DDAVP is repeated after a short interval,
tachyphylaxis (reduced efficiency due to empty endothe-
lial stores) and the increased risk of hyponatremia and
subsequent seizures especially in young children must be
considered, respectively avoided by adequate fluid
restriction.

Replacement treatment with VWF can be indicated in
patients with VWD in the following situations:

• Spontaneous bleeding.
• Surgical procedures.
• Injury/trauma.
• Prophylaxis of spontaneous bleeding.

Zusammenfassung Bei Patienten mit von-Willebrand-Krankheit (VWD) kann eine Ersatztherapie bei
spontanen Blutungen, chirurgischen Eingriffen und Verletzungen/Traumata oder zur
Prophylaxe spontaner Blutungen angezeigt sein. Dermangelnde vonWillebrand-Faktor
(VWF) wird mit oder ohne Faktor VIII (FVIII) ersetzt. Duale VWF/FVIII-Konzentrate
können bei niedrigem FVIII-Spiegel von Vorteil sein, während eine wiederholte Gabe zu
sehr hohen FVIII-Spiegeln führen kann, die bei einzelnen VWD-Patienten einen poten-
ziellen thrombogenen Effekt haben können. Ein übermäßiger Anstieg von FVIII: C kann
durch die Verwendung eines VWF-Produkts mit einem niedrigen FVIII-Gehalt begrenzt
werden, wodurch nach 6 bis 12 Stunden ein hämostatisch adäquater Anstieg von
FVIII:C erreicht wird. Die Ersatztherapie bei Patienten mit VWD ist unter Berücksich-
tigung des VWD-Typs, der Vorgeschichte, des Blutungsrisikos und des Thromboseri-
sikos sowie der Indikation und des individuell variablen Anstiegs von VWF und FVIII zu
individualisieren. Abweichungen von den in Richtlinien oder Empfehlungen genannten
Dosierungen und Mindest-Talspiegeln können in begründeten Fällen berücksichtigt
werden. Ziel dieser Übersichtsarbeit ist es, Empfehlungen für spezifische Konstellatio-
nen der Ersatztherapie auf der Grundlage der in Europa verfügbaren VWD-spezifischen
Leitlinien, der verfügbaren Evidenz, der eigenen Erfahrungen und des Konsenses der
interdisziplinären deutschen Autorengruppe zu geben.

Schlüsselwörter

► von-Willebrand-
Syndrom

► von-Willebrand-
Faktor

► Faktor VIII
► Substitutions-

therapie
► Blutung
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The recommendations for replacement treatment in
patients with VWD are given below. These are based on a
selective literature review (1987 till 2017), considering the
guidelines/recommendations and the consensus of the in-
terdisciplinary German author group.

Licensed Products for Replacement Therapy
in Patients with VWD in Germany

The following products are available for individualised re-
placement therapy:

• Dual concentrates (FVIII products containing VWF).
• Highly purified VWF products (Willfact) with a very low

FVIII content and Veyvondi, a recombinant human VWF
product with only traces of FVIII.10

The use of dual VWF/FVIII products prevails in German-
speaking countries. Dual VWF/FVIII products are beneficial
when the FVIII levels are low.9 This might depend on VWF
type/subtype and clinical situation, such as acute bleeding or
emergency surgery, when usage of free combinations of a
VWF and FVIII product does not seem feasible, as well as on-
demand treatment of acute bleeding in the self-treatment
setting at home or on vacation.

When FVIII levels are normal, the risk of thromboembo-
lism should be taken into consideration if supraphysiological
FVIII concentrations are induced by the exogenously added
FVIII.9,11 With repeated administration of dual concentrates,
accumulation may occur due to the overlapping of exoge-
nously administered FVIII and the formation of endogenous
VWF-stabilized FVIII.9,11,12 For longer treatment periods
(>24–48 hours), a dose reduction and/or prolongation of
the dosing interval—considering the clinical efficacy of the
VWF level—or switching to a VWF concentrate with a low
FVIII portion is recommended.12–15

To avoid an excessive FVIII:C increase after replacement, a
highly purified plasma-derivedVWFproduct with a lowFVIII
portion is available (►Table 1). A recombinant VWF with
only traces of FVIII recently receivedmarket authorization.16

If VWF with a low or without FVIII is injected, a haemostati-
cally adequate FVIII:C increase is usually achieved after 6 to
12 hours by stabilization of the patients’ endogenously
formed FVIII (►Fig. 1).17,18

In a prospective study of patients with different types of
clinically severe VWD, very good clinical outcomes were
achieved with highly purified VWF concentrates for both
spontaneous bleeding episodes and surgical interventions.
An additional dose of FVIII was given for the first infusion in
38% of the spontaneous bleeding episodes and 12% of the
surgical interventions.22

The products listed in ►Table 1 are licensed options
available in Germany for replacement therapy in patients
with VWD. Important parameters for product selection
include:

• Manufacturing process (purification, virus inactivation
and elimination).

• VWF to FVIII ratio.

• VWF:RCo to VWF:Ag ratio.
• Storage and stability.

Regarding the terminal half-life of VWF:RCo, the dual
preparations show large individual ranges of variation
(e.g., 2.8–51.1 hours),12–15,19 which is one of the reasons
for individualized dosages.

Depending on the manufacturing process of plasma-de-
rived VWFproducts, the function of VWFmay be impaired by
a loss of higher molecular weight proteins. Therefore, prod-
ucts with a VWF:RCo/VWF:Ag ratio > 0.7 should be fav-
oured.23 The recombinant VWF product contains beside
physiologically occurring plasmatic multimer structures
also ultra-large multimers.16

The product dosage should be based on the VWF:RCo
level.23 In this context, 1 IU of VWF:RCo/kg raises the VWF
plasma level by an average of 1.7 to 2.1%.16–18,24–26

Monitoring of Replacement Therapy

Monitoring is indicated during replacement therapy with
VWF.27 Historically, the focus was on the sole monitoring of
FVIII. Meanwhile,more automated and standardised tests for
measuring VWF activity (VWF:RCo or test variants) are
available, which are additionally recommended for individ-
ual treatment management, although this is discussed
controversially.28,29 For major surgical procedures, FVIII
and VWF activity should be monitored daily for at least
1 week; at least once for minor surgical procedures. An in
vivo recovery determined pre-operatively can predict the
FVIII:C and VWF activity levels achieved peri- and post-
operatively only to an insufficient extent.30

The target levels should be defined individually depend-
ing onVWD type, underlyingdisease and clinical situation, as
well as other factors which may be considered, such as age
and ABO blood type, accounting for varying reference
ranges.31 In addition to dosages, guidelines and recommen-
dations also indicate minimum trough levels for orientation
(►Table 2).

Possible Clinically Relevant Side Effects of
Replacement Therapy

Hypersensitivity or allergic reactions occur rarely outside
inhibitor development when using coagulation factor
products.

Registry data and case series with small sample sizes
point out the possible formation of inhibitors, the incidence
of which is approximately 4% and almost exclusively in type
3 VWD.33–35 Inhibitors whose titres are sometimes high can
be directed against VWF or FVIII35,36 and can lead to an
inadequate clinical response. Anaphylactic reactions are
possible at the same time as inhibitor development. Genetic
predisposition,36 FVIII content, product type and dosage are
discussed as factors which may influence inhibitor
development.35

In the normal population, increased FVIII levels>150% are
considered as risk factors for venous thromboembolism
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(VTE), and increased VWF levels >200% as risk factors for
arterial vascular complications.37,38 In VWDpatientswith an
increased VTE risk during replacement therapy,39 very
high FVIII levels may also have a thrombogenic effect: a
FVIII:C > 200% was documented in three out of five VWD
patients on dual-replacement therapy and FVIII:C level
monitoring at the time of a VTE.11 In case studies, treatment
with a dual VWF/FVIII product was mentioned as the most
common VTE risk factor.40 After replacement with a dual
VWF/FVIII product, two thrombotic events occurred related
to transiently increased FVIII levels during surgical interven-
tions in two clinical trials.41 VWD patients with evidence of
increased acute-phase proteins, a history of thrombosis, preg-
nancy, old age or congenital risk factors of thrombosis are
particularly at risk.42 However, bleeding risk in VWD patients
with theneed for replacement therapy is certainly higher than
thrombotic risk caused by replacement therapy.11,43

Prophylaxis of Thrombosis in Surgical
Interventions

General guidelines on thrombosis prophylaxis [e.g., German
S3 guideline ‘Prophylaxis of venous thromboembolism
(VTE)’]44 are not sufficient for VWD: on the one hand,
VWD increases the risk of bleeding so that the benefit–risk
ratio of anticoagulation worsens, and, on the other hand,
activities used to achieve haemostasis can increase the risk of
thrombosis.

In patients with VWD:

• Pharmacological VTE prophylaxis should be discussed in
addition to physical measures,

• Painmanagement should be limited to analgesics without
impairment of platelet function.

• The reactive postoperative increase in FVIII should be
monitored on a regular basis. A change of preparation to a
VWF product with less FVIII may be indicated.

International Guidelines and Expert
Recommendations in German-Speaking
Countries

To date, there is no German guideline specifically for the
treatment of VWD. The cross-sectional guidelines issued by
the GermanMedical Association contain general recommen-
dations on the therapeutic use of blood components and
plasma derivatives.27 VWD is mentioned together with
haemophilia A, so that only dual concentrates are mentioned
rather than VWF products with a very low FVIII content.
Special aspects regarding VWD have not been dealt with in
these cross-sectional guidelines so far.

In addition to a U.S. guideline on VWD,45 four VWD-
specific guidelines or recommendations havebeen published
in Europe (►Table 2). The high variability in the clinical
manifestation of VWD28 requires individualised treatment
concepts, which should also be aimed outside large treat-
ment centres. Patients with VWD should be managed in
cooperation with a haemophilia centre and with access to a
local coagulation laboratory.28

Treatment of Spontaneous Bleeding
In a cohort of 796 patients, approximately one in 10 patients
with VWD required DDAVP and/or replacement therapy at
least once a year for a bleeding episode, especially patients
with VWD type 3 and 2A.8 In patients with VWD type 3, only
replacement therapy is possible. Replacement therapy may
also be required in patients with VWD type 1 or type 2.8

Overall, mucosal bleeds are more frequent than haema-
toma and joint bleeds. Epistaxis andmenorrhagia occur in all

Fig. 1 Median plasma levels of VWF:RCo, VWF:Ag and factor VIII:C after single-dose administration of Wilfactin (equivalent to Willfact) or a dual
FVIII/VWF concentrate in patients with severe VWD (modified from Goudemand et al17). Ag, antigen; FVIII, factor VIII; RCo, Ristocetin cofactor;
VWF, von Willebrand factor.
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VWD types, whereas gastrointestinal (GI) bleeding is seen
mainly in VWD type 3 and VWD type 2A, which are charac-
terized by partial or complete loss of intermediate- and high-
molecular-weight VWFmultimers.8 GI bleeding represents a
severe manifestation of bleeding in VWD, angiodysplasia
being a major cause.46 High-molecular-weight structures
of VWF appear to influence angiogenesis, and loss of such
structures may cause vascular malformation, especially in
VWD type 2A and acquired VWD of cardiogenic origin.47 On
the other hand, haematomas and joint bleeds occurmainly in
VWD type 3 and in those patients with more severe VWD
type 1 characterized by lower FVIII levels.8

VWF/FVIII products as well as the highly purified and the
recombinant VWF product demonstrated good or excellent
efficacy in approximately 89 to 98% of spontaneous bleeding
episodes.18,22,24,48,49 The dose requirement of replacement
therapy is highest in GI bleeding.

Treatment of Traumatic Bleeding
The European guidelines or recommendations do not contain
separate statements on replacement therapy for trauma-
related bleeding.6,9,23,32 The information on bleeding epi-
sodes focus either on spontaneous bleeding8,11,31 or more
generally on ‘acutebleeding’6. There is no differencebetween
the procedures for spontaneous or traumatic bleeding, ex-
cept that with traumatic bleeding, surgical intervention may
follow.

Treatment of Acute Bleeding
In addition to general recommendations of transfusionmed-
icine and administration of anti-fibrinolytics, doses of 20 to
60 IU/kg VWF:RCo depending on the localisation, once or
twice daily, are recommended for replacement therapy until
the bleeding has stopped. As a rule, a 2- to 4-day replacement
therapy is generally recommended.9 In the case of repeated
dosing, the FVIII:C should be monitored to avoid persistent
FVIII:C levels > 200%, or a VWF product with a low FVIII level
should be considered. In GI bleeding due to angiodysplasia,
40 to 60 IU/kg once or twice daily are recommendeduntil the
bleeding has stopped.50 The duration of treatment is gener-
ally longer than those with other VWD-associated bleeds.49

If GI bleeding is suspected, patients should be hospitalised. A
VWF:RCo of >30% does not exclude spontaneous bleeding.
Higher VWF activities may be required depending on the
VWD type and phenotype of bleeding. In acute spontaneous
bleeds or traumatic haemorrhage, the initial treatment must
include FVIII in addition to VWF if the FVIII trough levels are
inadequate and usage of a dual VWF/FVIII concentrate could
be recommended.

Procedure for Elective Surgical Procedures
In VWDpatients, the need for replacement therapy should be
reviewed in cases of planned and elective surgery. In ap-
proximately 95% of cases with such indication, replacement
therapy was judged to be effective.51

Large orthopaedic interventions on target joints require
special attention. Target joints are joints with recurrent
bleeding due to anatomic modifications (e.g., neovascular-

isation).52 Retrospective analysis of a cohort with 126
major joint surgeries revealed bleeding complications in
18% of interventions – the risk of bleeding was higher than
average in patients without replacement (33%) and in
patients without FVIII monitoring (26%).52

Recommendations in Patients Undergoing Surgery
Close cooperation between the surgeon and haematologist
must be ensured,38 and therapy must be adjusted according
to the current guidelines and to the individual and dynamic
bleeding situation (►Table 2). For elective procedures, an
individualised replacement and monitoring plan (FVIII and
VWF activity) should be prepared, with a higher initial dose
and subsequent individualised maintenance doses.38 In
emergency surgery requiring replacement therapy, the ini-
tial treatment should also include FVIII in addition to VWF to
achieve an immediate increase in FVIII levels. In the case of
elective surgery, a VWF product with a low FVIII level can be
administered if the basal FVIII level is adequate or the first
dose is given at least 12 to 24 hours prior to the start of
surgery. In this case, an adequate FVIII level can be expected
because of endogenous FVIII synthesis.17 In general, patients
with VWD type 3 and 2B in particular require replacement
therapy for minor surgical procedures (e.g., biopsies, cathe-
ter placements, dental surgery or laparoscopic procedures),
whereas in type 1, 2A, 2M and 2N, DDAVP is the treatment of
choice if the response is good.38 Major elective surgical
interventions are a possible indication for a VWF concentrate
with a low FVIII level, especially if multiple doses are
anticipated in patients with an increased risk of
thrombosis.9,32

VWD and Prophylaxis
Long-term prophylaxis in VWD is being used increasingly
common53 to prevent secondary complications, reduce hos-
pitalization, and improve quality of life.34,54,55Due to the late
onset of clinically relevant bleeding, prophylaxis in patients
with VWD is usually secondary prophylaxis,35,53 which is
started in early adulthood.54 Bleeding scores can help to
assess the severity of bleeding tendency.23,56

Indications for prophylaxis may be severe VWD with
recurrent forms of GI bleeding, joint bleeding, severe nose
bleeding, menorrhagia and in cases which could not ade-
quately controlled with other therapeutic options.6,9,23

If joint bleeds occur, an early start of secondary prophy-
laxis, e.g., at the age of <5 years, is beneficial to prevent
arthropathy.34 A VWF dose of 30 to 50 IU/kg two to three
times a week is usually required.33 In women with type 1
VWD suffering from menorrhagia, replacement therapy is
required in approximately 1%.57 To reduce blood loss due to
menorrhagia resistant or not amenable with oral estropro-
gestinic pill, VWF doses of 33 to 95 IU/kg were used in
women with VWD for 1 to 6 days per cycle.57

Prophylaxis with VWF-containing concentrates is the
most efficient method to prevent recurrent GI bleeding,46

often requiring three or more doses per week.58 The combi-
nationwith oral tranexamic acid seemswise in the case of GI
bleeding.23
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Recommendations for Long-Term Prophylaxis

• Long-term prophylaxis
– should be considered in all patients with VWD and

recurrent bleeding9 and
– is required in cases of recurrent, clinically relevant

bleeding episodes that affect the quality of life.34,35

• Long-term prophylaxis is a possible indication for a VWF
concentrate with a low FVIII level.9,32

• Depending on the severity and the impact of VWD on the
specific patient, long-term prophylaxis should be initiated
with two to three infusions of 20 to 50 IU/kg per week.23

• In patients with recurrent GI bleeding due to angiodys-
plasia, doses of 40 to 60 IU/kg two to three times a week
are recommended.50

Procedure during Pregnancy and in the Peri-/Post-
natal Period
Due to the physiological increase of pro-coagulant factors
during the course of pregnancy,31 pre-existing bleeding con-
ditions in women with VWD type 1 improve in most cases.59

Thus, clinically relevant bleeding episodes are rare during
pregnancy in patients with VWD type 1,59 and women with
VWF activities >50 IU/dL prior to pregnancy onset do not
automatically need replacement therapy. Levels reached in
the third trimesteraremaintainedduring labour (important for
the anaesthetist) with a decrease reaching baseline non-preg-
nancy ranges approximately 1 week after birth.60 Larger stud-
ies to evaluate the course of FVIII/VWF levels in the peri-partal
and post-partal period are needed. Women with VWD type 2
may reach normal VWFAg level, but VWF is dysfunctional and
replacement therapy may become necessary, e.g., to avoid
intermittent vaginal bleeding, and may be necessary during
delivery.61A special featureofVWDtype2B is that a previously
existing thrombocytopenia can be aggravated by the increased
release of abnormal VWF multimers during pregnancy.61,62

Therefore, continuous monitoring of the platelet count is
required. VWD type 3 does not achieve a normal VWF activity
apart from bleeding episodes during pregancy, and replace-
ment therapy is required during labour and delivery.61,62

The risk of spontaneous abortion in women with VWD is
comparable to the rates reported in the normal popula-
tion,63,64 but in contrast, the rate of recurrent miscarriage
in women with VWD is not clear so far.65 In the view of a
multifactorial disease, poor endometrial perfusion during
the implantation window is reported to be one of the
possible causes of recurrent miscarriage. A meta-analysis
reported in 2011 including 18 case–control studies in a total
of 2,397 women with recurrent miscarriage revealed that
angiogenesis- and vasoconstriction-related genes were in-
volved.66 Since endothelial VWF regulates angiogenesis67

with deficiency states resulting for example in pathological
angiodysplasia and vascular malformations with severe GI
bleedings, the latter mechanism has to be discussed as one
hypothetical reason also inwomenwith recurrent foetal loss.

Evidence regarding replacement with VWF/FVIII prod-
ucts in pregnancy is limited to case reports and case
series.61 In European recommendations/guidelines, a period

of prophylaxis of 3 to 4 days after delivery is recommended
unanimously with a VWF:RCo target > 50 IU/dL.6,9,23,32

Nevertheless, the optimal duration and frequency of post-
partum prophylaxis is unknown.68

In addition to the risk of bleeding, the pregnancy-related
risk of thrombosis must be taken into consideration. Due to
the physiological particularities of the balance of coagulation
physiology during pregnancy,31 the role of FVIII and D-dimer
concentration must be re-evaluated as possible predictors of
the risk of thrombosis in this population. The FVIII:C activity
can increase to up to approximately 350 IU/dL in healthy
women during pregnancy.31 Therefore, an individual ap-
proach, in which only the deficient VWF is replaced, seems
to be beneficial in patients with VWD.

General Recommendations Regarding Pregnancy and
in the Peri-/Post-natal Period

• History of bleeding and family history should be
considered.

• VWF:Ag, VWFactivity and FVIII:C should be checked prior
to invasive procedures, and in certain patients in vitro
bleeding time (e.g., platelet function analyzer, PFA) might
be useful.69However, evidence regarding FVIII:C and VWF
levels, which may require treatment or prophylaxis, is
lacking.61

• Restrictive use regarding DDAVP is necessary due to
possible side effects and interactions, e.g., oxytocin recep-
tor (uterus contraction68,70; tranexamic acid as an
alternative).

• In the case of VWF replacement in a prothrombotic
situation, a FVIII overloadmust be avoided and preference
should be given to a product with a low FVIII content.

Recommendations Regarding Pregnancy

• Pregnancy-related referencevalues shouldbeconsidered.31

• Routine FVIII and VWF level assays should be performed
once ineach trimester andwithin2weeksbeforedelivery.61

Recommendations Regarding Labour/Post-partum
Period

• All womenwith VWD (including type 1) should give birth
in close cooperation with an obstetrician, haematologist,
anaesthetist and neonatologist and–in the case of severe
VWD–be managed in cooperation with a centre with a
blood bank and 24-hour monitoring of FVIII, VWF and
maybe in vitro bleeding time (PFA).61,69

• Peri-partal therapy such as replacement is rarely required
in women with VWD type 1 and VWF:RCo � 50 IU/dL if
no severe bleeding is documented in the patient’smedical
history.71However, a VWF activity > 50 IU/dL inweek 34
to 36might be too low in certainwomen, e.g. womenwith
additional FXIII deficiency.

• During and after delivery, a VWF:RCo of at least 50 IU/dL
and a VWF:RCo dose of 50 IU/kg once daily for 3 to 4 days
are to be aimed at (longer in the case of caesarean delivery)
—in individual cases, this procedure can be used for further
operations.
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• Blood loss should be documented up to approximately
14 days after delivery (give instructions to the woman if
applicable).

• No spinal anaesthesia, e.g. peridural anaesthesia, without
replacement in patients with a VWF:RCo<50 IU/dL or
with a history of severe bleeding (exception: VWD type
1 with normal PFA values and VWF:RCo � 50 IU/dL).

Procedure in Paediatrics

No specific recommendations for replacement therapy in
childrenwith VWD can be found in European guidelines, and
therefore recommendations for adults must be applied.72 In
the overall population, the lower reference values (10th
percentile) for FVIII:C are 50% in the first 12 months of life.
Between 1 and 18 years, the 10th percentile for FVIII:C were
reported as 55% (1–5 years), 58% (5.1–10 years) and 48%
(10.1–18 years).31 These small differences between the age
groups are not clinically relevant for issues regarding VWD.
No stratification according to blood groups is available for
children.

The indications for the plasma-derived VWF products are
not restricted to adults or specific age groups in patients with
VWD, although clinical data are limited in children and
adolescents. The market authorization for the recombinant
VWF is currently limited to adults only. Unlike patients with
haemophilia A, pharmacokinetics of the VWF/FVIII concen-
trates were not found to be age-dependent.13,24 There is
limited data on the prophylaxis in children with VWD com-
pared with prophylaxis in children with haemophilia.33,35,58

Recommendations

• Children who are likely to require replacement therapy
should be vaccinated subcutaneously against hepatitis A
and B.73

• Children with VWD who need to undergo surgery or
dental interventions should be treated at hospitals with
an on-site haemophilia center.73

• Short-term prophylaxis is often needed in children with
VWD type 3 but may also be required in children with
severe type 1 and type 2.35,58,73

• In children, depending on the type of VWD, long-term
prophylaxis may be applied individually (1–3 times week-
ly), e.g. in recurrent joint bleeds and possibly in children
with recurrent epistaxis.35However, long-term prophylax-
is should be restricted to intensivebleeding periods and the
indicationmust be re-evaluated on regular follow-upvisits.

• Replacement therapy can be administered at the haemo-
philia centre or self-administered at home.73

Conclusion

• Decisions on replacement therapy in patients with VWD
are to be made individually based on VWD type, history
and risk of bleeding and risk of thrombosis as well as the
indication (treatment or prophylaxis of bleeding, surgical
intervention or labour) and the variable individual VWF
and FVIII increase. Other factors such as age and ABO
blood type may be considered.

• Information on dosages and minimum trough levels in
guidelines or recommendations are for orientation only
and deviations can be considered if justified.

• Clinically relevant side effects of replacement therapy are
notably hypersensitivity reactions, the occurrence of
inhibitors and thromboembolic complications.

• Dual VWF/FVIII products have advantages when the FVIII
levels are low:
– Acute bleeding or during emergency surgery, when

usage of free combinations of a VWFand a FVIII product
does not seem feasible.

– On-demand usage in the self-treatment setting at
home or on vacation.

• AVWF concentratewith a lowor zero level of FVIII may be
the treatment of first choice in the following situations:
– Repeated infusions in the case of long-term prophy-

laxis, major bleeding episodes or major surgical
interventions.

– Pre-existing risk of thrombosis (age > 70 years, own
history or family history of thromboembolism, obesity,
immobility � 3 days, cardiovascular, malignant or in-
flammatory disease or cases of coagulation activation,
thrombophilia or increased FVIII:C level), pregnancy
and labour.

– In the case of short-term replacement for elective
surgery, a VWD concentrate with a low level of FVIII
can be considered as well.
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