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Diagicgiddines

BACKGROUND TO VON WILLEBRAND FACTOR AND VON WILLEBRAND DISEASE.

DEFINITION OF VON WILLEBRAND DISEASE AND THE VON WILLEBRAND
FACTOR

van Willdorand dissase(V WD) is a bleeding disorder caused by ddficiency of von Willebrand
factor (VWF). VWD isusudly inherited, but rare acquired forms exist. Congenitd VWD is
divided into type 1, characterized by quantitative deficiency of VWEF, type 2, by quditative
VWEF deficiency, and type 3, by totd lack of VWF. Type 2 is further subdivided into
subtypes 2A, 2B, 2M and 2N, depending on the type of functiond disorder.

Thevon Willdrand fadar (V WF) is alarge multimeric protein with two main functionsin
hemogtasis. It is crucid for the flow-dependent bridging of plateetsto the subendathelium
(adhesion) and to other plateets (aggregation) in the formation of the platelet plugin
primary hemostass. Furthermoreit is acarrier protein for coagulation factor VIII, protecting
FVI11 from degradation in plasma

VON WILLEBRAND FACTOR BDINTRODUCTION TO ITSBIOCHEMISTRY

Von Willebrand factor (VWF) isalarge dycoprotein circulaing in plasmawhereits concentretion
iscloseto 10 milligram/ L. VWEFF is synthesized in endothdid cdls (EC) and megekaryocytes The
VWEF proten is secreted into plasmafrom the endothdid cells (EC) by acontinuous conditutive

secretion mechaniam, while VWEF in plaieetsisnot communicated to plasmaand is only relessed
upon platelet activation. Endothelid VW may dso berdeasad acutely from soresin the Welbel

Pdade bodies when ECBare exposed to various pertubating stimuli.

The plasmaform of VWF isamultimeric protein congtructed of between two and 40 dimer
subunits of the protomer giving arange of differently Szed multimers having molecular weights
ranging from 500 kD to 20.000 kD. The mature VWF protomer hogs severd well-characterised
binding Stes. Mog importantly, in the context of von Willebrand disease (VWD), one binding ste
interacts with collagen and asecond binding ste with gycoprotein Ib of the plade surface
contributing to plaelet adheson a thewound gte. This particular function in primary hemodass
is dependent upon the molecular weight of VW multimers, and subsets of multimers of low
molecular weight are regarded too smdl to provide asufficient spacer function. In addition, the
VWF subunit holds binding stesfor fector VII1, aRGD motif recognizing the plateet

Gpllb/ 111ain platdet aggregetion, and astetha interacts with heparins and heparin like
molecules The binding ste for fector V111 exertsaprotective non-covadent binding to factor
VI, hereby limiting its rendom proteolytic bregkdown. With our current undersanding, VWF
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multimers are assembled in Golg of endothelid cellsand if not directly exported, retained in the
Weibd Pdade bodies. It has been suggested tha endothelid cdls may dso sorefactor VIII.

Following release of VWIF from ECs, enzymatic modifications of VWF teke place catdyzed by a
metdloprotease by the name of ADAMT SL3, whereby the largest VW multimers are sSomewhat
reduced in 9ze and discrete changes occur in the oligomer sub-bands indicating limited
proteolyss The protective effect of VW towardsfector VIII isimportant for the surviva of
factor VIII in drculation, snce complete lack of VWF aswell as mutaionsin thefector VI
binding sequences of VWIF can cause asgnificant reduction in the plasmalevd of factor VI,
and vaues may be aslow as 2-10% in individuds having an entirely normd secretion rete of
factor VIII.

The gpproved recommendation for the nomenclature of protein functions and corresponding
antigenic quantities was recently adopted by the | STH, as depicted in Table 1.

Table 1. Recommended abbreviations for von Willebrand fector protein quantity and
biochemicd functions, as proposed by the von Willebrand Fector Scientific and Sandardizetion
Qubcommittee of I STH'.

Attribute Recommended abbreviations
Maure proten VWF

Antigen VWFAg

Risocetin cofactor ativity VWF.RCo

Collagen binding cgpacity VWF.CB

Fector VI binding capecity VWFFVIIIB

VON WILLEBRAND DISEASE (VWD)

From the aforementioned it iswell undersood that VWD is dueto adefect inflicting platelet
function, and the mgor dlinica hdlmark in VWD is atendency to mucocutaneous bleeding.

The history of VWD dates back to Erik von Willebrand® who reported on ableeding disorder,
with fatd outcomes, denoted pseudohemophilia, occurring equaly often in both sexes Today,
our knowledge show tha VWD is a highly heterogeneous group of bleeding disorderswith the
common denominator of aquantitative or quditetive deficiency in drculaing plasma VWE. Slill,
the platform for diagnossof VWD relies on patient@medica history signifying an incressed
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bleeding tendency together with phenotypic characterigticsindicetive of adefect in primary
hemogass

Snce morethan 30 variantsof VWD had been reported, the I nternaiond Society on Thromboss
and Hemogass has developed aquiddine for dassfication in VWD, amplifying the hierarchy of
ubdasses Table 2 summarizesthe current recommendation, induding the amendments agreed
duringthe ISTH VWF SC meetingin Odo, June 2006°.

Table 2. Typesof von Willebrand diseese

Type Description

1 Partid quantitative deficiency of VWF

2 Quditative VWF defect

2A Decreased VWFF-dependent platdet adheson with asdective deficiency of high
molecular weight multimers

2B I ncreased dfinity for platdet GPIb

M D ecreased VWF-dependent plaelet adheson without asdective deficiency of
high molecular weight multimers

2N Markedly decressed binding efinity for fector V111

3 Virtudly complete deficiency of VWF

In many type 2 and 3 variants of VWD, genetic defects have been identified, while in many type 1
individuds the molecular defects remain unknown. However, an increasng number of mutations
are being identified in type 1. In anotable part of type 1 cases, the reduced VWF levd may be
caused by other factors, such asablood group O genotype or yet unidentified regulatory genes
Around 30% of patientswith atype 1 VWD in the Europeen MCMDM VWD 1 sudy displayed
no detectable mutations of the VW encoding gene’, and arecently published Canadian study
failed to identify mutationsin 37% type 1 patients’. Hence, consensustoday is, tha the diagnosis
of VWD should not depend on identification of amutation in the VW genelocus’. VW gene
mutaionsareliged in an internaiond web based regsry hoged by the univeraty of Sheffied
(http:/ / vwww.vwf.group.shef.ec.uk/ ).

Thevarious dinicd and laboratory agpectsof type 1 VWD, induding gene mutations, are
presently being highlighted in three mgor multi-centre VWD gudiestha are presently (2006)
ongoing or in the process of being published from centersin the EU, Canada, and the USA™.
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DIAGNOSIS OF VWD AND IT3 SUBTYPES

Thediagnoss of VWD isbased on three man criteria the patient should have sSgnificant
bleeding symptoms, there should be afamily hisory of VWD or sgnificant bleeding symptoms,
except in recessively inherited subtypes, and VWEIF levels should be significantly decreased. While
the detection of VWD isrdativdy ample, its dassfication by best dandardsrequires aquite
extengve laboraory amamentarium.

As shown by the dgorithm in Fig. 1, the diagnoss of von Willebrand disesse is dependent on a
sonificantly reduced rigocetin cofactor (VWF.RCo) leve, with the exception of type2N. The

N ordic Hemophilia Council recommendsthat the diagnosis of VWD should not be gpplied
unless repested VWF.RCo leves below 0.35 kI U/ L are demongdrated. However, the exact level
remansamater of debate, and some individuas will be diagnosed with VWD dso with
somewha higher VWF.RCo levels, dependent on symptoms and family history. Recording of the
fector VII1:Cleved isimportant as aprerequiste to goproach asubtype 2N diagnoss. Additiondly,
Fector VIII plays an important rolein assessment of the bleeding risk in VWD. In dl subclases
of VWD theleve of fector VIII isoften somewhat decressed, and paticularly low in type 3.
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Table 3. Laboratory procedures used in diagnoss and subclassfication in von Willebrand diseese.

Method Diagnostic and monitoring purposes

Rigocetin Cofector activity The man functiond VWF method. Messuresthe

(VWFRCo) ability of the VWF to bind to GPIb and cause
agdutingtion of normd plateets

VWEF antigen (VWF.AQ) The concentration of VWF antigen

Ristocetin induced platelet aggregation | Detection of heightened sensitivity to ritocetin in
(RIPA) usng paientOplaelet rich type 2B
plaama (PRP)

VWEF collagen binding (VWFF.CB) Detects HMW/ LMW multimer imbaance
dependent on type of collagen used (seetext). A
ubset of VWD type 2M has been reported with
lowered collagen binding

VWF multimeric digribution and B Procedure essntid for detection of VW

patern multimeric Sze digtribution
I Gd concentraion low to I Differentiction of type 1 VWD from type
intermediate 2A
I Identification of type 2M (full range of
multimers)
I Gd concentration high I Sudy of the oligomeric Sructureand

subdassification of lderOvariants such as
typellA, 1B, IIC, 11D etc.

Fector VIII binding capecity of the Determines the cagpacity of the VWI to bind FVI11
VWF (VWFFVIIIB)

Factor VI1I coagulaion ativity Determingion of factor VII1 coagulation ectivity
(FVIII:C)
Bleading time, template method Today used only in selected cases and in formd

clinicd trids. Poor sengtivity and specificity.

Plaedet Function Andyzer-100 (PFA- | A streeningtest for defects of primary hemodass
100) dosure times (CT cEpi and CT May be helpful asascreeningted to identify
cADP) moderately or severdy low VWF when specific
assays ae not avalable, but haslow sengtivity and
edificity. Doesnot differentiste from plaelet
defects
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COMMENTS TO LABORATORY METHODS
Rigoxin afada adivity (V WF:RCo)

Thisfunctiond method isthe key diagnogtic test in VWD. Patients plasmais mixed with freeze
dried (non-attivatable) platdets and pladet aggutination is recorded following addition of
rigocetin. Sncetherigocetin cofactor reault illustratesabiologcd function, itsdeterminaion is
operdiond for the diagnogs of mog of VWD variants. The method is quite laborious its
performance being highly dependent on the qudity of the platdets and its accuracy and
reproducibility varies. Recently, automated kit-methods have become available with improved
anayticd precison characterigtics’.

von Willdrand fagdar antigen (V WF:AQ

Vaious methods are avalable based on immunometric principles ELISA methods are used
widespread. Automated immunoturbidometric (nefelometry) assays are do available.

Normd amountsof VWF:Ag may be found in paientswith VWD caused by quditative defects
in VWF. For example mogt type 2N (if not compound heterozygous) and some paientswith
other type 2 variants may presant with quite norma quantities of (dysfunctiond) antigen.

Ristotin inducerl platele aggreggtion (RIPA)

Thistest determinesthe platelet aggiutination asrecorded in paient@platdet rich plasma(PRP) in
the presence of rigocetin. This method isrdatively insengtive to quantitetive deficiencies of
VWEF, but serves an important diagnogtic role sncetype 2B variants display increased platelet
agdutination to low concentrations of rigocetin. Consensus on the use of thisted: incressed
senstivity to rigocetin a 0.5 mg/ ml or lower, indicate the presence of type 2B VWD. Platdet
aggregetion with other agonigts, such as collagen and ADP are usudly normd in VWD.

von Willdorand fadar adlagen binding (V WF:CB)

VWEF displays a high binding afinity towards collagen. Methods have been developed tha
quantify VWF based on itsinteraction with collagen. Thesetests are extremely senstive and
generdly quite reproducible.



Nordic Guidelines on von Willebrand disease. Version: April 23, 2008

The collagen binding ELI SA assay is thought to reflect abiologicd function of VWF, and the
conformationd gate of VWF might be reflected in the assay result when compared to VWF.Ag
mass concentraion. Compardive sudies have reveded, however, tha VWEF binding to collagen is
criticaly dependent on the type and naure of the collagen utilized in the assay modd. With some
collagen preparaions(i.e. typelll collagens), resultsin type 2A vaiants are comparableto the
VWFAQ reaults, wheress in others, conformation of VWF  (multimeric Sze) determinesthe
degree of binding. A decressed VWF.CB/ VWF-Agraio isthus often found in cases of type 2
VWD with lacking HMW VWF multimers

Multimaic szingdedrgoharess tehniques

The gudy of VWF multimer compostion isbased on dectrophoress of plasmain agd sygem
wdl suited for separation of macromolecules. Following separation, VWF molecules are
eectroduted onto anitrocdlulose membrane on which paterns of VWF multimeric subsetsare
identified by means of an immuno-enzymatic or lumogrgphic techniques. Previoudy redioiodine
labdlled antibody detection sysemswere often used. Thetes isdifficult to perform and interpret.
Thetes should bereferred to goecidized laboraories

V on Willdrand fagdar hindingtofada V111 (V WF:FV I11B)

Thisandydsisindicaed if the exploraion of hemogtassrevedsalow factor VIl leved ina
patient with aneggtive family hisory of hemophilia where alow factor VIl may result from a
decressed carrier effect of VWF. In principle, an assay is performed in which patient®VWF is
bound to an ELISA microtiter plate and incubated with highly purified factor V111, After
extraction, the bound fraction of factor VI11:C is determined by achromogenic factor VII1 assay,
or by an antibody to factor VIII.

Gldod sremingtedsd primery hanctass

Globd tessinclude the invesve template bleeding time (BT) and the non-invasve Platelet
Function Anayzer-100 (PFA-100) closuretimes (CT), which screen non-gpecificaly for both
VWD and plaele disorders. Both testsareraher insengtive to mild lowering of VWF. The BT
has a high fdse postive rae and is therefore not suitable asasreening test. The PFA-100 hasa
higher sengtivity for VWD than the BT, but the specificity islow. The PFA-100 may be used for
monitoring therepponseto DDAVPin VWD, wheressit isnot dways corrected by infuson of a
VWF concentrae’.
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PRACTICAL DIAGNOSTIC CONSIDERATIONS

Preanaytica conddaations

Blood samples should preferably be collected in the coagulation laboraory. The patient should be
a red. Exerdse dress, infections and pregnancy devae VWF and FVI111 levels and may obscure
the diagnods of mild VWD type 1. Care should be taken to remove pladetsfrom plasmaby
centrifugng. If not tested immediaély, plaama samples should be frozen without delay & -70; C.
If trangportation of plasmasamplesis needed, samples should be kept frozen. Blood can be
dranvn without congderation to the mengtrud cycle.

L abaratary tetsin sugpeted VWD

Sraringtess Complete blood count with differentid and plaelet count, prothrombin time (PT) or
INR, ativated partid thromboplagtin time (APTT), VWF.RCo, VWF:Ag, Factor VIII levd, ABO
blood type.

Deinngtheaidyped VWD: RIPA, VWF multimers. VWFFVI11B in caseswith suspected type
2N. Mutationd andyss VWF.CB may add someinformation in the differentigtion between 2A
and 2M subtypes

DDAV P tet

All patients should be gven atest doseto ensurethat the responseis sufficient for dlinica use.
The recommended tes doseis 0.3 microgramy kg intravenoudy or subcutaneoudy. The
intravenous dose can ether be gven asadow injection of DDAVP dissolved in 10-15 ml sdine
over 15 minutesor as an infuson of DDAVP dissolved in 50-100 ml sdine and infused over 30
minutes. Blood samplesfor VWF and FVI I measurements should be taken before and 30-60
minutes ter the gart of the intravenous dose and 60-120 minutes &fter the subcutaneous dose. A
further blood sampletaken ater 3-6 hoursis advissble to exclude tha the patient has avery short
haf-life of rdessed VWF and/ or FVI11 following DDAVP gimulaion.

DNA sames

It would be advantageous for future genetic Sudies and family investigations if blood samplesfor
mutation andyss were taken in patients diagnosed with VWD, and stored for possible mutation
andyssa aspecidized laboratory. Approvd for sorage of blood samplesin abio-bank mus be
gethered from the patient and from the gppropriate authorities

10
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Fig 1. Algorithm for investigating sugpected von Willebrand disease. Modified front.,
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BLEEDING SYMPTOMS

VWD is characterized by mucocutanous bleeds e.g. epistaxis and menorrhagia, bleeding
after tooth extraction or surgery, and bleeding after minor wounds Joint bleedsoccur in
severe cases. Sgnificant mucocutaneous bleeding symptoms are defined as.

Nosebleading, ! 2 episodeswithout ahistory of traumanot stopped
by short compression of <10 min, or ! 1 episoderequiring blood
transfusion.

Cutaneous hemorrhage and bruisability with minima or no gpparent
trauma, as a presenting symptom or requiring medica trestment.

Prolonged bleeding from trivia wounds lasting! 15 min or recurring
spontaneoudy during the 7 days after wounding.

Ord cavity bleeding that requires medicd atention, such as gingiva
bleeding, or bleeding with tooth eruption or bitesto lips and tongue.

Fpontaneous gastrointestina bleeding requiring medica atention, or
resulting in acute or chronic anemia, unexplaned by ulceraion or
portd hypertension.

Heavy, prolonged, or recurrent bleeding after tooth extraction or
other ord surgery such astonsllectomy and adenoidectomy;,
requiring medicd atention.

Menorrhagiaresulting in acute or chronic anemia, or requiring
medica trestment, not associated with known sructurd lesions of
the uterus, eg. myomeas.

Bleeding from other skin or mucous membrane surfaces requiring
medicd trestment (e.g. eye, ear, respiratory tract, genitourinary tract
other than uterus).

Criteia far mucataneous blesdng symptams

A dgnificant mucocutaneous bleeding higtory requires & leagt two symptomsin the ébsence of a
blood trangfusion higory, or one symptom requiring trestment with blood transfusion, or one
symptom recurringon & leest three distinct occasons

12
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Blexingsare

Recently, ableeding score (BS) was developed in alarge European cohort of patientswith type 1
VWD with an am to quantitatively evduate the severity of bleeding symptoms and its correlaion
with dinicd and laboratory fegtures. BS showed astrong sgnificant inverse rdaion with either
VWF-RCo, VWF-Ag or factor FVII1:C. Higher BSwas related with incressing likelihood of
VWD, and amucocutaneous BSwas srongy associated with bleeding after surgery or tooth
extraction. The rdative importance of different blesding symptoms was aso described (Fig. 2)°.
BSmay proveto be avery ussful screening tool for VWD, but its usefulness should be confirmed
in further gudies.

Postpartum
hemorrhage

2

1
L

Oral bleeding

Gastrointestinal |
bleeding

&

Bleeding after _| —_——
tooth extraction

Epistaxis 1 ——

Menorrhagia 1 —

Cutaneous
bleeding

L 4

Surgical
bleeding

Bleeding after | ®
minor wounds T J T I I

0.5 1 2 5 10 20 50 100 200
Odds ratio

L

Fig. 2. Association between bleeding symptoms and type 1 von Wille-
brand disease in the enrolled families in an age-adjusted logistic model.
Index cases were excluded from the analysis; a bleeding symptom was
considered in the model for a symptom-specific score greater than one. For
each bleeding symptom, the graph reports the logistic estimate and its 95%
confidence interval.

From: Tosetto et al. 2006
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CRITERIA FOR FAMILY HISTORY

A postive family hisory compatible with VWD (except for types 2N and 3) requiresthat a lesst
onefirg-degreereaive, or a least two second-degree redives, have apersond hisory of
sonificant mucocutaneous bleeding and laboraory tets compatible with VWD .. When availeble,
the use of VWF mutationsor genetic markerslinked to the VWF locus may permit the andysis of
more remote reldives, and may dlow asymptomatic reatives with low VWF levelsto provide
evidence for inheritance.

CRITERIA FOR VWD TYPE 1

Laboratory tet results are compatible with VWD type 1 if the levels of both VWF.RCo and
VWFAgae< 0.35kIU/L on! 2deeminations. If the tess are performed, RIPA must not
indicate aonorma sengtivity to low concentrations of risocetin, and the plasma VWF multimer
digribution must be normd.

Typel VWD: VWD type 1isan hereditary bleeding disorder dueto quantitative deficiency of
VWEF. In mogt casestype 1isinherited as an artosomd dominant trait. The diagnossthereforeis
based upon criteriafor symptoms, VWF deficiency, and inheritance, dl of which must be
sidfied. These indude: sgnificant mucocutaneous bleeding, laboratory tets compdtible with
VWD type 1, and ether apostive family higory for VWD type 1 or an gopropriate VWF
mutetion.

Pasilbdetypel: VWD : Possble VWD type 1 indudes persons with laboraory tess compatible with
VWD type 1 and ether sgnificant mucocutaneous bleeding or apostive family hisgory for VWD
type L.

To med this definition, an asymptomatic person with low VWF must have apostive family
higory, which meansthat they mugt have a leagt two reaives with definite VWD type 1.
Asymptomatic individuds are typicaly children who have not yet been chalenged with traumaor
invagve procedurestha could cause bleeding.

In many drcumdances, symptomaic patientswith either VWD type 1 or possble VWD type 1
will be tregted identicaly. Such empiric trestment may dso be gopropriae for sdected
asymptomdic patients The diginction between possble VWD type 1 and VWD type 1 will be
useful for certan dinicd sudies and gendtic sudies. Alternaive diagnoses should continueto be
congdered for patientswith possble VWD.

Spada conddaations on thediagnossd typel von Willdorand dissese

In the invegtigation of type 1 von Willebrand diseese, the bleeding history is particularly
important. The hierarchy of bleeding manifestaions observed in the European sudy (MCMDC-
VWD1) are presented in Fig. 2, gving the oddsratio of various bleeding symptomsfor the risk of
avon Willebrand disease based on 154 families sudiec?.

14
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However, the biochemicd diagnoss of type 1 VWD in personswith amild deficiency in VW
represents adiagnodic dilemma In two magjor cohorts™ genetic andyssfailed to detect mutetions
in 30% and 37%, respectively of patientswith atype 1 VWD diagnoss Clinicaly, paientswith a
very low concentration of crculating VWF mog often present with adistinct bleeding tendency,
hereby qudifying for ableeding disorder diagnoss, while other patients with less suppressed levels
of VWF and equivdence between VWF.RCo and VWA conditute agrey zone between a
hedthy gae and overt VWD. Linkage udies have further reveded that linkage between
membersin VWD type 1 families and the VWF gene locus is week when VWF.RCo levelsare >
0.45 1U°. Recent work has further demonstrated the existence of an inverse rlationship between
VWF mutations and levels of VWE in these patients. A high diagnogtic senstivity of the VWF
levd in diagnosis of Qeneticaly confirmedOVWD type has only been found & levelsbelow 0.35
IU/ ml (Fig 3), which seemsto be areasonable diagnogtic cut-off leve. This observation isfurther
concordant with the opinion expressed by the working group on Classfication of von Willebrand
disease of 1STH?®,
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Fig. 3. Sensitivity and specificity of the diagnosis of von Willebrand diseese as afunction of the
plasmaleve (ebscissa) of VWE in patientsCplasma (from?® draft version).

The presence of blood group O generdly predicts lower levels of VWF compared to the non-O
date, and blood group O itsdf represent arisk factor for lowered VWE, with or without incressed
bleeding tendency. The influence of the blood group on drculaiing VWEF is not caused by
differencesin expresson rates, but israther dueto ablood group dependent shift in clearance.

I'n consequence of therecent progressin undersanding of type 1 VWD, it is advisable not to
assgn adiagnoss of VWD type 1 to personswith intermediately lowered plasmaVWEF (i.e. 0.35
0.50 U/ ml), but rather denotes symptomatic personswith VWEF in that range as having amild
bleeding disorder or arisk fector for excessve bleeding.

15
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CRITERIA FOR VWD TYPE 2

VWD type 2 isdefined by low levels of functiond VWF:RCo and alow VWF.RCo/ VWF.Ag
raio (<0.7) (except type 2N). Type 2 isfurther subdivided into subtypes 2A, 2B, 2M and 2N
depending on thetype of functiond defect (Table 2, Fig 1).

Type 2A and the dasscd form of type 2B lack the high molecular weight multimers, wheressthe
rare subtype of 2B cdled thetype Mdms/ New York has dl multimers. Also type 2M have afull
st of multimers, dbeit the separae bands may be ebarrant. The RIPA tedt isdecreased in type 2A
and 2M, but incressed in type 2B.

Type 2A isinherited as adominant trait, but arecessve inheritance has bean described™. Two
groups of mutationsin the A2 domain of the VWIF subunit cause the lack of HMWM in type
2A". Group 1 mutations afect intracdlular trangport, assembly, Sorage and secretion of VWF
multimers, and group 2 mutations cause increased susceptibility to proteolysisin plasma.

Also, mutationsin the D1 and D2 domain of the propeptide or in the D3 domain of the mature
protein may cause amultimerization defect by afectingintramolecular disulfide bonding within
the D3 doman®™*,

Type 2B is caused by mutationsin the A1 domain, and is characterized by an increased sengtivity
to rigocetin in the RIPA teg. In the dassicd form of type 2A, thereisalack of HMWM and a
tendency to thrombocytopenia Thrombocytopeniamay be worsened by pregnancy, infections,
dressor adminigtration of DDAVP. In therare Type 2B Madms/ New York™, themultimersare
norma and thereis no tendency to thrombocytopenia This variant resemblestype 1, gpart from
theincressed RIPA.

Type2M isin dmilarity to type 2A characterized by adecreased binding of the VWF to pladets
but in contradt to 2A, dl multimers are present. Mutations have been found in the A1 domain of
the VWF. Thetype 2M-Vicenza subtype s characterized by the presence of multimersthat are
larger than normd. Mutations arein the D3 domain™®.

FVIII deficency isthe characteridic festure of type 2N VWD, and ranges from 0.01 ©0.40
KIU/ L, but is usudly above 0.05 kIU/ LY. In some patientsthere are discrepant levels between
different FV111.C methods (one-stage, two sage or chromogenic methods). The phenotypic
diagnoss of type 2N isbasad on measuring the ability of VWEF to bind FVIIT (VWFFVIIIB
asy). The FVIHTVWE ratio istypicaly decressed, but may be only mildly decreased in
compound heterozygotes for atype 2N mutation and amutation causng aquantitative VWF
defidiency. A low VWF:FVI111B/ VWF:Agraio seemsto bethe best predictor of type 2N ™.
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CRITERIA FOR VWD TYPE 3

VWD type 3isinherited as arecessvetrait, and is defined by virtud absence of VWF and very
low levelsof FVIII (dbout 0.05klU/ L). It isvery rare, with aprevadence of about 3-5 cases per
million. Bleeding symptoms are usudly moderaeto severe, and many type 3 patients reguire
subgtitution thergpy with VWF-containing concentrates. The paients are usudly homozygotes or
compound heterozygotes for mutationsin the VWF gene®. Blesding symptoms are more
prevadent in obligatory cariersthan in the normd populétion, but not asfrequent asin patients
with type 1 VWD?.

ACQUIRED VWD

Acquired VWD (VWD) isarare disorder characterized by low levels of VWF and FVIII, but in
comparison to inherited VWD, bleeding symptoms gppear later in life, and thereisno family
hisory. About 50-60% of cases are caused by lympho- or myeoproliferitve disorders Other
causes ae s0lid tumors, immunologcd disorders, cardiovascular disorders, hypothyreoss, drugs
and miscelaneous causes. The pathophysiology isnot dways clear. In hypothyreoss, synthes's of
VWEF is decreased. In mogt other conditions, synthess ssemsto be normd, but clearanceis
increased through four different possible mechaniams, spedific autoantibodies, non-specific
autoantibodies forming immune complexes, adsorption to mdignant cell clonesor incressed
proteolytic degradation®. In contrast to acquired hemophilia, inhibiting antibodies are only rarly
demondraed.

It may bedifficult to diginguish avWD from congenitd VWD. The symptomsare amiilar, ie.
mogtly mucocutaneous bleeds but present later in life and thereisno family hisory. Laboraory
findings usudly includes mildly decreased VWF.Ag and FVI11:C and more pronounced decresse
of VWF.RCo and VWF.CB. The VWF.RCo/ VWF:Agraio istherefore frequently decreased.
Thelarge multimers are often lacking due to increesed dearance. Thus, these patients often

exhibit atype 2A resembling phenotype. Mixing of patient plasnawith normd plasmassemsto
be ardaively insenstive method to identify inhibiting antibodies. An ELI SA assay gopeared to be
more sengtive than functiond assays. VWIF propeptide levels may be increased in plasma, but the
assay is not generdly available®. An internaiond registry collects data gbout thisrare disorder?.,
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Guddinsan trestnet and mreregeret ¢ VWD

INTRODUCTION

I'n von Willebrand disesse, bleeding tendency is caused by decreased levels of von Willebrand
factor (VWEF), and sometimes low levels of coagulation factor VI (FVII1). The deficiencies can
be corrected ether by gimulation of endogenous VWF and FVI11 release with desmopressin
(DDAVP), or by subgtitution with aVWF FVI11 concentrate. DDAVP may temporarily
normdize hemogassif sufficient functiond leves of VWF and FVI11 can be reeched by
endogenous release. VW FVI1I concentrates are used when DDAVP isnot an dternative™?.
Plasmaderived concentrates carry apotentid risk of tranamission of infectious agents, even if this
risk isthought to be negligble with current ssfety procedures. Cod is another issue, asthese
concentrates are expensve. On the other hand, there are dso sfety issueswith DDAVP dueto
its 9de effects manly caused by the grong antidiuretic effect that may limit its use and dso limit
the duration of thetrestment period. Antifibrinolytic treetment (tranexamic acid) is of importance
asan adjuvant to DDAVP or concentrates, or sometimes as asinge hemodtatic agent epecidly in
connection with mucous membrane bleeds. Ord contraceptive pills may be used astreatment of
menorrhagain femdeswith VWD, asmengtrud blood loss may be sgnificantly diminished.
Progesterone rdessing | UD s are highly effective in some women?®.

The choice of treetment depends on saverd factors
I thenaureof the bleed or invasve procedure
I subtype and severity of VWD DBlevd of functiond VWF and FVIII
I previous bleed higory and reponseto trestment
I for how long treetment is needed Done dose or alonger period of trestment

I outcomeof aDDAVPtes Bpost DDAVP levd and haf-life of functiond VWF and
FVII

I ageof thepaient. Redtricted use of DDAVP in dderly and in smal children Bincressed
risk of fluid overload ater DD AVP in children and thrombogsrisk in ederly or in
patients with strong cardiovascular risk factors

I presenceof other diseasestha may contraindicate use of athergpeutic agent
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DESCRIPTION OF HEMOSTATIC AGENTS

I Desnopressn (DDAVP)
I VWF concentrates
I Tranexamic acid

I Ord contraceptive pillsand 1UD

DESMOPRESSIN

Desmopressn (1-desamino-8-D-argnine vasopressn, DD AVP) isasynthetic andogue of
vasopressn, initidly used for the trestment of digbetesingpidus. Desmopressn was designed to
have alonger durdion than the native subsance and to have no pressor effects. In the mid-1970s
thefirg reports were published that desmopressin in high dosage Simulated the release of
endogenous FVI11, VW and tissue plaaminogen activator (t-PA). The effect isimmediae, with
on average 2-6-fold increases in plasma concentrationsof FVII, VW and t-PA. Optimd
hemogatic effect is achieved with adosage of 0.3 microgram/ kg given intravenoudy. A higher
dose will not improve the response”. Subcutaneous or intranasd oray adminirations are both
effective and suitable for home trestment. The regponse to subcutaneous or intranasd
adminigration isof comparable magnitude, but somewhat dower than that of intravenous
adminigration.

AVAILABLE PRODUCTSIN THE NORDIC COUNTRIES

Table 4: Desmopressin formulations available in the Nordic Countries

PRODUCT DK | FH IS NO | &
Octogtim solution for injection o ok o * *
(15 microgram/ mL)

Minirin solution of injection * * Ao ok *
(4 microgram/ mL)

Octostim nasd pray * * o * *
(1.5 microgram/ mL)

* |Licenced, **avalable
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! DOSE

' 0.3 microgram/ kgi.v. or sc.

I 300 microgram i.n. (spray) (150 microgram if BW<30 kg)

MODES OF ADMINISTRATION

Intravenoudy (i.v.): dow injection (diluted in sdineto 10 ml) over 15 minutesor infuson over 30
minutesof DDAVP diluted in 50-100 ml sdine. Peek FV111/ VWEF levels are seen dter about 60
minutes

Subcutaneoudy (sc.): Pesk FVIIT/ VWF leves are reeched dter bout 120 minutes
The Octogtim solution (15 microgram/ mL) ismog suitable for sc. adminigrétion, being more
concentrated.

Intranasd (i.n.) Soray: Peek FVI11/ VWEF levels are reached ater about 120 minutes.

One spray in each nodril will provide the normd adult dose of 300 microgram. For paientswith
abody weight <30 kg, adose of 150 microgram is recommended (one Spray in one nodril). In
amdl children (lessthan about 15 kg) the oray should not be used.

TEST DOSE (BIOLOGICAL RESPONSE)

All patients should be gven atest doseto ensurethat the responseis sufficient for dlinica use.
Blood samplesfor VWF and FV111 measurements should be taken before and after 30-60
minutes. A further blood sampletaken after 3-6 hoursis advisable to exclude that the patient has
avery short hdf-life of VWF and/ or FVIII ater DDAVP.

DOSAGE INTERVALS

Twelveto 24 hoursisthe ordinary interva, but depending on the hdf-life of factor levels and the
nature of the bleeding, the dose may be gven with 8-hour intervasin hospitdized patients The
risk of severe hyponaremiamust be consdered if repested doses are gven.

TREATMENT WITH DESMOPRESSIN IN RELATION TO THE NATURE OF THE
BLEEDING EPISODE

Majar Hexds
Response criteria

DDAVP can be used for trestment of mgor bleedsin patientsin whom VWF.RCo and FVI111:.C
reech normd leves (i.e. within the normd reference range as defined by the respective center)
dter DDAVP. Theleves should reman a leest aboveabout 0.30 kI U/ L during 12 hours post
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DDAVP (Consensus opinion. No data). 1n connection with life threatening bleeds a
VWEF FVI11I concentrate should be consdered as afirg line trestment.

If reqponseislower or durdion shorter, aVWHF FVII1 concentrate should be consdered.

Mina bexs
Response criteria

VWF:RCo and FVIII:C should reech alevd of & least 0.30 kl U/ L within 2 hoursater DDAVP.

Typed invesveprosdure
All procedures BVWF and FVII1 activities should reach normd levels within the first 2 hours and
day devaed! 0.30kIU/ L for & least 12 hourspos DDAVP.

If tretment ! 3 daysisrequired, angphylaxis and antidiuretic effects must be taken into acoount,
and factor levds and ssNashould be monitored.

LIMITATIONS
I SQubtypes, age of patients, duration of trestment
I Paientswith classcd type 2B VWD in whom DDAVP causes platdet aggregetion and

thrombocytopeniashould not be gven DDAVP. Patientswith VWD type 3 should not
be congdered for DD AVP trestment, asthey are non-responders.

I Hdf-lifeof FVIII:C may bedhort in 2N.
I Hdf-life of VWF.RCo may be short in cartan subtypes

I DDAVP should preferably not be gven to smdl children (< 2 years), and adult paients
with cardiovascular diseese (higtory of angna, AMI, groke). If DDAVP isgven to smdl
children, fluids must be regtricted and eectrolytes monitored closdly.

I Durdion of treetment should normaly not exceed 3 days. Trestment may be prolonged if
factor levds and water bdance (N @ are monitored. Tachyphylaxis has been reported
dter severd daysof treeement with DDAVP.

ADVERSE EFFECTS

Tiredness, heedache, nausea, temporary lowering of blood pressure with secondary techycardia,
fecid flushing, fluid retention, hyponaremiaand saizures
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TRANEXAMIC ACID

Tranexamic acid is an antifibrinolytic agent. It interfereswith the lyss of nemy formed dots by
binding to the lysne-binding Stes of plasminogen thusinhibiting the binding of plasminogen to
fibrin. Adminigtration can beord, intravenous or topicd (e.g. a mouthwagh). It can be used
done (eg. in the management of epigtaxis and menorrhaga) or in combination with DDAVP or
VWEF concentrates. To increaseits effectiveness, tranexamic acid should be given prior to dective
procedures

AVAILABLE PRODUCTSIN THE NORDIC COUNTRIES
Tranexamic acid solution for injection (100 mg/ mL) and tablets 500 mg. In Sveden dissolveble
teblets (1g) aeavalable.

DOSE AND MODES OF ADMINISTRATION

Ordly 25 mg pe kg BW 3- 4timesdally for 7-10 days.
Intravenoudy 10 mg per kg BW 3-4 times dally for 7-10 days.
Mouthwash 10 mL of a5% solution 4 times daily, which can be swalowed.

LIMITATIONS
Contrandicated in the management of upper urinary tract bleeds

Should be avoided in personswith ahigory of thromboembolism.

ADVERSE EFFECTS
Nauses, vomiting, diarrheaand abdomind pan.

ORAL CONTRACEPTIVE PILLS OR PROGESTERON IUD

Mendrud blood lossis diminished with ora contraceptive pills and progesteronelUD, in women
with VWD, even in type 3 paients. Esrogensincrease the plasmaleve of VWIF, except in
patientswith type 3 VWD. However, the reponseis variable and unpredicteble. The mechanism
of action is partly dependent on theincreased leved of VWF and partly on locd effect on the
endometrium.
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VWF CONCENTRATES

IMPORTANT PROPERTIES

Sverd propertiesare important when choosing aconcentrate for treetment of VWD. The VWF
may be moreor less functiondly inactivated during the manufacturing process, which may be
reflected by alow ratio between VWE ectivity and antigen, or by an @normd multimeric patern.
Theratio between VWEF activity and FVI11:C isimportant to concider when dosngthe
concentrate. VWEF activity in relation to amount of totd protein (pedific activity) gves
information about the purity. Adeguate virusinactivation is a prerequisite®.

Themultimgiicsrudured theV WF

The VWEF isamultimeric protein, the largest multimers (HMWM) being mogt effective for
binding platdetsin the formation of the plaelet plug, i.e. in primary hemogass.

An gberrant multimeric sructure may indicate tha the VWF ismore or less dysfunctiond dueto
proteolyss during manufacture. The multimeric Sructure may be visudized with eectrophoretic
methods, and objectified by denstometry. An indirect method isto cdculate theraio between the
VWEF activity (most often messured asthe VWE rigocetin cofector activity, VWF:RCo) and the
VWEF antigen (VWF:Ag) concentretion. A low VWF.RCo/ VWFAg raio indicates loss of
functiond ativity. Concentrateswith aVWF.RCo/ VWFAgratio > 0.7 are probably to be
preferred. A perfuson chamber technique with flowing blood would be preferable to messure the
platelet and collagen binding functions of VW, but such methods are not generdly avalable, and
the methods are not Sandardized.

Theratio bewen V WF adivity and FV I11:C

Mogt concentrates used for trestment of VWD contain both VWF and FVI111. A concentrate with
ahigh rdaive amount of FVIII (alow VWF.RCo/ FVII1:C ratio) may cause high plasmaleves of
FVI1I, astheinfused FVII1 addsto the patient@endogenoudy relessed FVI11. Even if patients
with VWD may have very low basd leves of FVI11 in plasma, they do have the ability to produce
and rdlease FVI11, if VWF becomes avalable in plasma Therefore the infused VWF will gimulate
gynthess and relesse of FVI11. When repeated doses are gven over alonger time, FVIII leves
should be monitored and factor doses adjusted in order to avoid very high FVII1 levelsduring
longer periods Also, the relaion between the hdf-lives of VWF.RCo and FVI11:C should be
conddered. A concentrate with ashort hdf-life of VWF.RCo in relaion to FVII1:.C may impose
an inareased risk of high FVII1 levds if it hasto be dosad frequently.

Vira safey

All concentrates used for paientswith VWD mug be virdly inactivated. The possbility of veriant
Creutzfddt-Jekob Disease (VCID) being present in the donor population should be consdered.
Upcoming recombinant products might be preferred in the future.
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DOSAGE

Concentrates used for VWD should be dosed according to the VWF.RCo content, which
therefore mugt be labeled on the vids The recovery of VWFRCo in adultsis roughly 0.015 D
0.020 kIU/ L per infusad U VWF.RCo/ kg body weight. A doseof 50 1U/ kg can be expected to
incresse the VWIF.RCo with about 0.75D1.00 klU/ L. Therefore, aloading dose of 50-60 U
VWFF-RCo/ kg body weight is recommended for patientswith very low basd levels of VWF.RCo.
Children may have alower recovery.

In generd the hdf-life of VWF.RCo is consdered to be equd to that of FVII1:C. Therefore,
VWIFF concentrate adminigtration usudly takes place every 12-24 hoursin surgery and smilar
conditions. VWF concentrate can dso be adminisered as a continuousinfusion.

When usad for prophylaxisin outpatients, aVWIF concentrate administered 2-3 times per week
may be sufficient to prevent bleeds

Leves of VWF.RCo and FVI111:C should be monitored when repeated doses ae gven over a
longer period. Messurement of the VWIF:Ag leve is not sufficient asthe VWF may be
dysfunctiona in the concentrate®.

MANAGEMENT OF SPECIFIED BLEEDS OR INVASIVE PROCEDURES

BLEEDS FROM NOSE AND MOUTH

Bleads from nose and mouth are relaively common epecidly in younger patientswith VWD.
Tranexamic acid gven ordly (mixture or tablets) or locdly is often sufficient to sop theses bleeds
In case of ord bleeds amouthwash with tranexamic acid (thei.v. solution) may be effective.

If tranexamic acid is not sufficient to control the bleeds DD AVP or aVWFF-containing
concentrateisindicated.

Prolonged or recurrent nasd bleeds may require locd trestment, eg. nasa cautery or laser, and
trestment with tranexamic acid over alonger period. Regular local trestment with Vasdine or
amilar may reduce the bleeding tendency from nossbleeds

DENTAL EXTRACTIONS

I'n mild cases, minor dentd extractions with locd anethesamay be carried out under cover of
tranexamic acid only. But in more severe VWD cases, or in connection with more extensve
procedures, and if regond anesthesa or an inferior dentd block isgven, DDAVP or aVWF-
containing concentrate should be added to tranexamic acid. A snge doseof DDAVP or VWF-
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concentrate is often sufficient. Tranexamic acid should be continued for about 5-7 days The
regpective dosage levels are pecified above.

MENORRHAGIA

Tregtment optionsfor menorrhagain femdeswith VWD include tranexamic ecid, DDAVP,
VWEF concentrates, ord combined contraceptive pills (COC), and intra:uterine progesterone
contraceptives Tranexamic acid reduces mengtrud blood loss with ébout 50%. Tranexamic acid is
taken only during the mengtrua week, in some cases only during the firs days of mengtruation. If
tranexamic acid and COC isnot sufficient, DDAVP or aVWF concentrate may be needed to
control the mengtrud bleed. DD AVP and concentrates are typicaly only taken during the
mendruation days. DDAVP is usudly restricted to maximum three consecutive days because of
therisk of fluid retention.

GASTROINTESTINAL BLEEDS

Gadrointegting (Gl) bleedsin generd may have many different causes, both acute or chronic and
benign or mdignant. The source of the bleed may be located anywhere in the Gl tract. In VWD,
the dysfunctiond primary hemostasis contributesto the tendency to bleed from aGl locus
minoris. Angodysplasa(AD) leading to Gl bleed hasbeen described in VWD snce 1967. The
prevdenceof AD in VWD hasbeen reported to be between 1.1-6.5%. In VWD patients older
than 50 years-of-age, AD may even be asprevdent as 10%. AD occur both in patientswith
congenitd and acquired VWD. There seem to be an associaion between Heyde's syndrome
(eortic genogsplus bleed Gl angodysplasia) and acquired VWD type 2A, with loss of the largest
multimers of von Willebrand factor (VWF). An interesting obsarvation isthat aortic vave
replacement generdly cures Gl blead in these patients, and that the deficient multimeric patern of
the VWF isnormdized &ter vave replacement. VWD paientswith AD may have recurrent
severe Gl bleadsrequiring hopitd admissons, and trandfuson with packed red cdlls, FVII1 or
VWEFF concentrates and plaama Various locd invasve procedures have been tesed, eg. surgery,
electrocoagulation, laser photocoagulation, sclerothergpy, coiling, and arteriogrgphy with
embolization. Often, these messures are insufficient to sop recurrence of the Gl bleeds. There
are some case reports of good response to oestrogens and progesterone, and betablocking drugs.
In case of recurrent Gl bleeds, sscondary prophylaxiswith aVWF FVI11 concentrate in adosage
of about 50 1U VWF.RCo/ kg i.v. 2-3times per week or even more frequent, in combination with
ord tranexamic acid may be needed for shorter or longer periods.

SURGERY AND OTHER INVASIVE PROCEDURES

Surgery and other invagive procedures should be performed a a goecidized hemophilia center
with dinicians experienced in VWD, and with acoagulaion laboraory that can meassure VW
and FVIII activities 24 h per day. Both FVII1 and VWF levels mugt be taken into account,
depending on thetype of procedure. FVII1I activity isan important determinant for surgicd and
soft tissue bleeds and thergpeutic levels should be reeched during surgery and for aperiod of 7-10
days podoperaivey. VWF activity isimportant for mucous membrane blesds and should be
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normalized in connection with invasive procedures involving mucous membranes FVI11:C and
VWEF activity (VWF.RCo or VWF:CB) should be monitored in connection with dl mgor surgicd
procedures. During surgery and the first post-operative day, normd levels of FVI11:C and
VWFRCo leves should be reeched. Repeated infusons of aVWFF FVIII concentrate may
induce high levels of FVI11:C in plasma, dueto the additive effect of the endogenoudy released
FVIII. Vey high FVIIITC leves (>1.50 kiU/ L) over alonger period postoperaively should be
avoided, because of therisk of thromboembolic complications

DDAV P and surggy

DDAVP can be used in responsve patients, but therisk of weter retention and tachyphylaxis
mugt be consdered if prolonged trestment with repeated dosesis given. This may limit the
ussfulness of DDAVP dso in regpongve patients. In some cases acombinaion of DDAVP and
aVWF concentrate may be ussful. DDAVP may be gven intranasdly by spray in connection
with minor procedures, but in connection with mgor procedures it is advissbleto gve DDAVP
parenterdly, ether i.v. or sc..

DDAVP intranasd soray in adose of 300 microgram i.n. (150 microgram if BW <30 kg) should
betaken about 60 minutes before the invasve procedure.

I ntravenous (i.v.) or subcutaneous (sc.) DDAVP should be gven in adose of 0.3 microgramy/ kg
about 30 (i.v.) or 60 minutes (sc.), respectively, before the procedure.

If prolonged DDAVP trestment is needed, the dose may be repeated with 12-24 h intervas
DDAVP should preferably not be given for more than 3 consecutive days because of therisk of
fluid retention and hyponatremia Fluid and dectrolyte baance should be monitored, when
prolonged trestment is gven.

VWF/ FV 111 congntrate and surggry

Petientsthat are unresponsve to DD AVP should be gven aVVWF contaning concentrate
goproved for usein VWD. In case of mgor surgery in patients with severe VWD, trestment
should be gven for a least 1-2 weeks post surgery. Astherecovery of VWF.RCo is aout 0.015D
0.020 kIU/ L per infused U VWF.RCo/ kg BW, aloading dose of 50-60 |U VWF.RCo/ kgi.v. is
recommended for paientswith very low basd levels of VWF.RCo. The ensuing doses can usudly
be lower, dbout 25-40 |U VWF.RCo/ kgi.v. every 12-24 hours. After 24-48 hours aonce dally
dose, or adose every other day, may be sufficient for the first post-operative week. FVIII:C
should be monitored to avoid very high levels over alonger period of time.

Tranexamcadd

Tranexamic acid should be given in addition to DDAVP or VWF concentrate, epecidly if the
procedure involves mucous membranes.

Tranexamic adid isgiven in adose of 10 mg/ kgi.v. aout 30 minutes before surgery or 20-25
mg/ kg ordly about 2 h before surgery. Therediter the tranexamic doses are repedted with 6-8 h
intervasfor a least aweek pos-operdively.
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Platde tranfusons

Plaeet concentrates may be consdered if trestment with VW concentrate falsto control a
bleed in patientswith severe VWD.

Throrbass pragphiyiaxis

Thromboss prophylaxis should not be given routinely to paientswith VWD undergoing surgery.
It may be congdered in paients with multiple prothrombotic risk factors, gven high doses of a
VWHF FVIII concentrate.

PREGNANCY AND DELIVERY

During pregnancy the hemogatic sygem shiftsin aprothrombotic direction. Plasmalevels of
VWEF and FVII1 increase Sgnificantly and may even normdizein patientswith mild type 1 VWD.
In type 3, thereis, however no increase of VWF and FVII11. If trestment is needed, tranexamic
acid, DDAVP and VWF concentrates may be used during pregnancy. Tranexamic acid isthefirg
trestment option in case of mucocutaneous bleeds

Gengdly, vagnd ddivery isregarded as sfe if VWF.RCo is> 040 klU/ L wheressfor caesarean
section the VWF.RCo leve should be> 0.50 kI U/ L.

The ddivery should preferably take place & an obstericd unit doseto the hemophiliacenter. The
hemophilia center should be involved eerly in pregnancy and should present aplan for the
hemogatic treetment in connection with delivery in cooperdion with the obstetrician.

In dl cases, tretment with tranexamic acid is commenced when the patient arivesto the
maternity ward to give birth, and thereafter continued until two weeks pogt partum. The doseis
ether 10 mg/ kgi.v., or 20-25 mg/ kg ordly, every 6-8 hours

I'n mild cases (DDAVP responders), DDAVP isgven intravenoudy in adose of 0.3
microgranV kg immediady after delivery. One doseis usudly sufficient in the mildest cases, but
DDAVP may be repegted with 8-12 h intervas if neaded. In such cases, therisk of water
retention must be remembered.

In DDAVP non-responders, treament with aVVWF concentraeisinitiated when the delivery
dats A doseof 50-60 |U VWF.RCo/ kg i.v. isrecommended for patientswith very low levels of
VWF.RCo. In severe cases, tretment with aVWF concentrate about 3 times weeekly, is continued
over aperiod of two weeks pod patum.

MANAGEMENT OF OUTPATIENTS

Petientswith VWD should be seen regularly & ahemophilia center with dlinicians experienced in
VWD and acoagulation laboratory tha can messure VW and FVII1 activities Petientswith
severe VWD (especidly type 3), or those with frequent or severe bleeds should be ssen oncea
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year or more often if required. Milder patients may be seen lessregularly, eg. with 2-3 years
intervas

All patients should be given an GdentityOor (hleeder@ card informing ebout the blesding
disorder, theinitid trestment in case of traumaor blead and contact information to the
hemophilia center.

PROPHYLACTIC TREATMENT WITH VWF CONCENTRATES

Regular prophylactic trestment with a VWIF concentrate may be consdered in some patients

Joint bleedsin type 3 VWD pdientsisagrong indication for further prophylactic trestment. I
nose bleeds menorrhagaor gestrointestind bleeds are S0 savere tha they cause Sgnificant anemia
despiteiron supplementation, cause asgnificant impact on socid life and/ or dl other trestment
moddities have faled prophylactic trestment should dso be consdered.

When usad for prophylaxisin outpatients, a VW concentrate in adose of about 50 1U
VWF.RCo/ kg i.v. adminigered 2-3 times per week may be sufficient to prevent bleeds. Levels of
VWF.RCo and FVI111:C should be monitored when repegted doses are given over alonger period.

MANAGEMENT OF PATIENTS WITH ALLO-ANTIBODIES TO VWF

Sometype 3 VWD patients develop anti-VWF dloantibodies after multiple transfusions.
Exposure to VWF containing products might cause life-threatening postinfusion angphylaxis
besides being ineffective.

¥ Recombinant FVIII can be given a large doses during surgery. Continuous infusion
ismandaory dueto the very short hdf Hlife of FVIII.

¥ By-passthergpy with activated prothrombin complex concentrates aPCC (FEIBA)
and rFVI1 (NovoSeven) may dso be consdered.
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ACQUIRED VWD

Management of acquired VWD (a&VWD) involvestrestment both of bleedsand of the underlying
condition. VWF and FVI11 levels can beincressed either with desmopressn or aVWF-FVIII
containing concentrate, but factor levels can be expected to be short-lived due to increased
clearance. Recombinant activated factor V11 (rFVI11@) has been effective in some casesthat were
ressant to desmopresin or VWFFVIII concentraes. Adminitretion of high dose intravenous
1gG (IVIG) may prolong the hdf-life of VWF by interfering with clearance mechanisms 1VIG
has been usad in connection with treetment of bleeds and for prophylactic trestment during
urgery or ddivery. Plasmaexchange has been successful in some cases with amonoclond
protein. Extracorpored immunoadsorption has been reported in caseswith high titer inhibiting
antibodies. Immunosuppressve agents and corticogteroids are effective in some paientswith
autoimmune disorders or monoclond gammopathy of undetermined significance (MGUS.

Tregtment of the underlying condition may result in improved or normdized VWEF levels
Complete resoration has been achieved ater tumor resection, chemotherapy, radiotherapy, vave
replacement, or thyroxine replacement™?,
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