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Abstract

BackgroundĹ	The	phenotypic	diagnosis	of	von	WiѴѴebrand	disease	ŐVWDő	is	a	muѴtiŊ
step	process	with	cѴassification	dependent	on	the	quantification	of	von	WiѴѴebrand	
factor	ŐVWFő	muѴtimeric	structureĺ	VWF	muѴtimer	anaѴysis	is	a	technicaѴѴy	chaѴѴengŊ
ingķ	Ѵengthy	and	nonŊ	standardised	assayķ	usuaѴѴy	performed	in	speciaѴist	Ѵaboratoriesĺ	
RecentѴyķ	a	new	semiŊ	automated	muѴtimer	assayķ	the	HydrageѴ	Ɣ	von	WiѴѴebrand	muѴŊ
timers	ŐHƔVWMő	has	become	avaiѴabѴeĺ
ObjectivesĹ	This	studyķ	performed	in	two	European	centresķ	compared	existing	 inŊ	
house	muѴtimer	assays	to	the	HƔVWM	in	individuaѴs	with	and	without	VWDĺ
ResuѴtsĹ	OveraѴѴ	 agreement	 of	 ƖƐĺƐѷ	was	 observed	 in	 ƕƓ	 individuaѴs	with	 normaѴ	
VWF	ѴeveѴsķ	Ɣƕ	patients	grouped	as	type	Ɛ	VWDķ	ƒƒ	type	ƑAķ	Ɛѵ	type	ƑBķ	ƑѶ	type	
ƑMķ	ƐƐ	type	ƑNĺ	Patients	tested	foѴѴowing	Desmopressin	or	VWF	concentrateķ	with	
thrombotic	thrombocytopenic	purpura	and	acquired	von	WiѴѴebrand	syndrome	were	
aѴso	evaѴuatedĺ	Many	of	the	discrepancies	between	methods	were	in	patients	with	
genetic	mutations	Ѵinked	to	more	than	one	type	of	VWD	incѴuding	pĺRƐƒƕƓCņH	and	
pĺRƐƒƐƔCĺ	 QuantifiabѴe	 muѴtimer	 resuѴts	 were	 avaiѴabѴe	 within	 one	 working	 dayĺ	
Densitometry	 improved	 the	 interpretation	 of	 the	muѴtimers	with	 sѴight	 structuraѴ	
variations	that	were	not	apparent	by	visuaѴ	inspection	of	the	inŊ	house	methodĺ
ConclusionsĹ	ƔVWM	was	a	rapidķ	sensitiveķ	standardised	assay	which	used	existing	
technoѴogy	and	couѴd	be	incѴuded	as	an	initiaѴ	screen	of	VWF	muѴtimers	in	a	VWD	
diagnostic	aѴgorithm	in	conjunction	with	traditionaѴ	muѴtimer	anaѴysisĺ
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Ŏ	 The	diagnosis	of	von	WiѴѴebrand	disease	requires	assessment	of	VWF	muѴtimer	distributionĺ
Ŏ	 HydrageѴ	Ɣ	VW	muѴtimers	and	inŊhouse	muѴtimer	methods	were	compared	in	patients	with	VWDĺ
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ƐՊ |ՊINTRODUCTION

Von	WiѴѴebrand	disease	ŐVWDő	is	a	hemorrhagic	disorder	that	is	caused	
by	 a	 reductionķ	 dysfunctionķ	 or	 absence	 of	 von	 WiѴѴebrand	 factor	
ŐVWFőĺ1	VWF	is	a	Ѵarge	muѴtimeric	gѴycoprotein	that	binds	pѴateѴets	to	
the	damaged	subendotheѴium	and	aѴso	circuѴates	in	compѴex	with	facŊ
tor	VIII	ŐFVIIIőĺ	VWF	comprises	subunits	of	variabѴe	size	from	the	Ѵow	
moѴecuѴar	weight	muѴtimers	ŐLMWMő	to	subunits	of	more	than	ƔƏ	in	
sizeķ	the	high	moѴecuѴar	weight	muѴtimers	ŐHMWMőĺ	VWD	is	subŊ	typed	
by	the	ratio	of	the	activity	ŐVWF	Acő	to	the	concentration	of	protein	
ŐVWF	antigenķ	VWFĹAgőĺ2	A	VWF	AcņVWFĹAg	ratio	of	ƻƏĺѵ	indicates	
a	quantitative	type	Ɛ	disorderĺ	A	ratio	of	ƺƏĺѵ	is	indicative	of	quaѴitative	
type	Ƒ	disordersķ	which	generaѴѴy	have	a	disproportionate	reduction	of	
VWF	activity	compared	to	VWFĹAgĺ3	Type	Ƒ	VWD	is	further	divided	
into	 four	 subtypesĸ	 type	 ƑA	which	 is	 generaѴѴy	 ineffective	muѴtimer	
assembѴy	or	secretionķ	type	ƑM	which	is	Ѵinked	to	reduced	binding	to	
pѴateѴet	GPIbķ	type	ƑB	which	is	an	increased	binding	to	GPIbķ	and	type	
ƑN	which	is	a	decrease	or	absence	in	binding	to	FVIII	with	preservation	
of	the	abiѴity	of	VWF	to	bind	pѴateѴetsĺƓķƔ	VWF	is	absent	in	type	ƒĺ

The	diagnosis	of	type	Ƒ	VWD	requires	a	number	of	speciaѴized	
assays	 incѴuding	anaѴysis	of	muѴtimer	distributionĺ3	MuѴtimer	anaѴyŊ
sis	is	not	wideѴy	undertaken	by	routine	Ѵaboratoriesѵ	due	to	Ѵack	of	
method	 standardizationķ	 Ѵength	 of	 testķ	 requirement	 of	 speciaѴist	
equipmentķ	and	often	variabѴe	and	subjective	resuѴtsĺ	InŊ	house	VWF	
muѴtimers	 ŐIHVWMő	may	be	performed	using	 sodium	dodecyѴ	 suѴŊ
phate	ŐSDSő	agarose	geѴ	eѴectrophoresisķ	often	foѴѴowed	by	Western	
bѴottingķ	 then	 visuaѴization	 by	 methods	 incѴuding	 via	 radioactive	
Iodine	ŐIƐƑƔő	autoradiographyķ	chemiѴuminescenceķ7	infrared	fѴuoresŊ
cent	 imagingķ8	 or	AѴkaѴine	Phosphatase	 ŐAPőĺƖ	Densitometry	of	 the	
agarose	geѴs	may	be	performed	to	aid	interpretation	of	the	muѴtimer	
patternĺ10	Interpretation	of	densitometry	is	aѴso	not	standardized	beŊ
tween	Ѵaboratoriesĸ	some	report	peaks	ƐŊ	ƒ	to	represent	the	LMWMķ	
ƓŊ	Ɣ	the	intermediate	moѴecuѴar	weight	muѴtimers	ŐIMWMőķ	and	peaks	
ѵ	and	above	represent	the	HMWMķ11	whiѴe	others	report	peaks	ƐŊ	Ɣ	
as	LMWMķ	ѵŊ	ƐƏ	as	IMWMķ	and	peaks	ƐƏ	and	above	as	HMWMĺƖ

A	new	semiŊ	automated	VWF	muѴtimer	assay	kit	has	recentѴy	been	
Ѵaunchedĺ	The	HydrageѴ	Ɣ	von	WiѴѴebrand	muѴtimers	test	ŐHƔVWMő	is	
performed	with	existing	Hydrasys	Ƒ	TechnoѴogy	 ŐSebiaķ	Franceő	and	
the	kit	incѴudes	ready	to	use	buffersķ	agarose	geѴsķ	and	antibodiesĺ

In	this	studyķ	two	centers	compared	HƔVWM	with	an	existing	inŊ	
house	SDS	agarose	geѴ	eѴectrophoresis	method	in	heaѴthy	donors	and	
patients	with	different	 types	of	VWD	or	acquired	von	WiѴѴebrand	
syndrome	ŐAVWSőĺ	Subgroups	of	patients	were	aѴso	tested	foѴѴowing	
treatment	with	endogenous	or	exogenous	VWF	or	in	the	presence	
of	interferring	substancesĺ

ƑՊ |ՊMETHODS

ƑĺƐՊ|ՊSampѴe coѴѴection

Two	sites	participated	in	this	studyĸ	site	Ɛķ	SheffieѴd	HaemophiѴia	
and	 Thrombosis	 Centreķ	 UKĸ	 and	 site	 Ƒķ	 Centrum	 fুr	

BѴutgerinnungsstक़rungen	 und	 Transfusionsmedizin	 ŐCBTőķ	 Bonnķ	
Germanyĺ

ResiduaѴ	ƒĺƑѷ	citrated	pѴasma	from	normaѴ	donors	or	individuaѴs	
previousѴy	tested	for	VWD	were	stored	frozen	in	secondary	tubes	
ŐSarstedtķ	Nুmbrechtķ	Germanyő	at	either	ƴѶƏŦC	for	a	maximum	of	
ƑƓ	months	at	site	Ɛ	or	at	ƴƒƔŦC	for	a	maximum	of	ƒ	months	at	site	Ƒĺ	
Some	sampѴes	incѴuded	in	the	study	had	been	referred	to	site	Ɛ	from	
other	centers	within	the	UK	or	ItaѴy	and	were	received	frozen	on	dry	
iceĺ	SampѴes	were	thawed	for	Ɣ	minutes	in	a	water	bath	at	ƒƕŦC	and	
discarded	after	Ƒ	hoursĺ

Site	 Ɛ	 had	 ethics	 approvaѴ	 from	 the	 South	 SheffieѴd	 Research	
Ethics	Committee	for	the	use	of	normaѴ	donor	pѴasma	and	residuaѴ	
patient	pѴasma	for	service	evaѴuationĺ	Written	informed	consent	was	
provided	for	sampѴes	referred	from	ItaѴyĺ	For	site	Ƒķ	the	study	was	
approved	by	the	EthicaѴ	Committee	of	the	ܯrztekammer	Nordrheinķ	
DusseѴdorfķ	Germanyĺ

ƑĺƐĺƐՊ|ՊSampѴe groups

FiftyŊ	five	heaѴthy	donors	were	sourced	from	either	Ѵaboratory	staff	
Őn	Ʒ	ƑƔő	 or	 using	 commerciaѴ	 frozen	 donors	 Őn	Ʒ	ƒƏķ	 Cryocheckĸ	
Precision	BioѴogicķ	HaѴifaxķ	NSķ	Canadaőĺ	These	comprised	ƑѶ	maѴes	
and	Ƒƕ	femaѴes	with	a	mean	age	at	donation	of	ƓƏ	years	and	a	range	
of	ƐƖŊ	ѵѵ	yearsĺ

Patients	referred	for	VWD	diagnosis	or	previousѴy	diagnosed	
with	VWD	were	grouped	according	to	VWFĹAgķ	VWF	activityķ	and	
ratio	of	VWF	activityņVWFĹAgĺ	A	ratio	of	ƻƏĺѵ	was	used	as	a	cut	
off	 for	a	quantitativeѴy	normaѴ	distributionĺ	Where	VWF	Ac	was	
not	avaiѴabѴeķ	CoѴѴagen	binding	ŐVWFĹCBő	resuѴts	were	usedĺ	Type	
ƑA	or	ƑM	patients	were	then	subcѴassified	by	the	inŊ	house	muѴtiŊ
mer	resuѴtsĺ	Type	ƑB	patients	were	cѴassified	by	genetic	mutation	
or	historicaѴ	diagnosis	of	 type	ƑB	VWD	by	 ѴowŊ	dose	RIPA12	 Ősee	
Figure	Ɛőĺ	 Type	 ƑN	 VWD	were	 incѴuded	 by	 the	 presence	 of	 geŊ
netic	mutation	Ѵinked	to	ƑN	VWDķ	reduced	or	absent	FVIIIņVWF	
bindingĺ13

SeventyŊ	four	patients	had	normaѴ	VWF	Acķ	Ɣƕ	were	categorized	
as	type	Ɛķ	ƒƒ	as	type	ƑAķ	ƑѶ	as	type	ƑMķ	Ɛѵ	type	ƑBķ	ƐƐ	type	ƑNķ	ƒ	
had	type	ƒ	VWDĺ	Thirty	patients	with	AVWS	were	aѴso	incѴudedĺ

A	 cohort	 of	 these	 patients	 was	 aѴso	 tested	 foѴѴowing	 adminŊ
istration	 of	 Octim	 ŐDesmopressinķ	 Ferringķ	 Parsippanyķ	 NJķ	 USAőķ	
WiѴfact	 ŐLFBķ	 Courtaboeufķ	 Franceőķ	 WiѴate	 ŐOctapharmaķ	 Lachenķ	
SwitzerѴandőķ	Haemate	P	or	Voncentro	 Őboth	CSL	Behringķ	King	of	
Prussiaķ	PAķ	USAőĺ

SampѴes	 from	 four	 patients	 with	 thrombotic	 thromboŊ
cytopenic	 purpura	 ŐTTPő	 and	 reduced	 ADAMTSƐƒ	 activity	
ŐTechnozym	 ADAMTSŊ	Ɛƒ	 Activity	 ELISAķ	 Pathwayķ	 UKő	 were	
included.

PossibѴe	interference	in	the	HƔVWM	method	by	high	rheumatoid	
factor	was	assessed	in	eight	sampѴes	provided	by	Sebiaĺ	Rheumatoid	
factor	ѴeveѴs	were	determined	by	both	rate	NepheѴometry	ŐBeckman	
CouѴterķ	 ViѴѴepinteķ	 Franceő	 with	 ѴeveѴs	 ranging	 from	 ƐƏƏƏ	 to	
ѶƕƔƏ	IUņmL	 Őreference	 intervaѴ	ƺƑƏ	IUņmLő	 and	by	 immunoturbidiŊ
metry	ŐRandoxķ	CrumѴinķ	UKő	with	ѴeveѴs	ranging	from	ƖƒƑ	to	ƓѶƒƓ	
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IUņmL	 Őreference	 intervaѴ	ƺƐƑĺƔ	IUņmLőĺ	The	 infѴuence	of	anticoagŊ
uѴant	was	assessed	with	three	patients	whose	bѴood	was	taken	into	
both	citrate	and	EDTAĺ

ƑĺƑՊ|ՊVWF compѴex assays

At	 site	 Ɛķ	 VWF	 assays	were	 performed	 by	 Siemens	 VWF	 antigen	
and	Innovance	VWF	Ac	ŐMarburgķ	Germanyőķ	a	GPƐbM	VWF	activŊ
ity assay.2	 AѴѴ	 assays	were	 performed	 on	 Sysmex	 CSƔƐƏƏi	 instruŊ
mentation	 ŐKobeķ	 Japanőĺ	 VWFĹCB	was	 performed	 by	 ELISA	 using	
Technozym	CBA	ŐTechnocѴoneķ	Viennaķ	Austriaőĺ

At	 site	 Ƒķ	 VWF	 assays	 were	 performed	 by	 VWF	 Ac	 or	
VWFĹRCoķ	 and	 VWFĹAg	 using	 ACL	 TOPƕƔƏCT	 instrumentaŊ
tion	 ŐaѴѴ	Werfenķ	BarceѴonaķ	 Spainőĺ	VWFĹCB	was	performed	by	
EuroanaѴyser	 one	 ŐEuro	Diagnostic	 Systemsķ	 TamiѴ	Naduķ	 Indiaő	
using	 Zymutest	 VWFĹCBA	 kit	 ŐHyphen	 Biomedķ	 NeuviѴѴeŊ	surŊ	
Oiseķ	Franceőĺ

ƑĺƒՊ|ՊVWF muѴtimer anaѴysis

IHVWM	at	site	Ɛ	was	by	discontinuous	SDS	agarose	geѴ	eѴectroŊ
phoresisķ	 a	modification	 of	 two	methods	 by	 omission	 of	 acryѴaŊ
mide.ƐƓķƐƔ	This	was	routineѴy	performed	at	Ɛĺѵѷ	agarose	ŐSeaKem	
HGT	ŒPœ	agaroseĸ	Lonza	BioѴogicaѴsķ	SѴoughķ	UKő	but	ƐĺƏѷ	agarose	
was	 aѴso	 used	 in	 patients	 that	 demonstrated	 a	 Ѵoss	 of	 HMWMĺ	
SampѴes	 were	 diѴuted	 according	 to	 their	 VWFĹAg	 in	 buffer	

containing	ƐƏ	mMoѴņL	Trisķ	Ɛ	mMoѴņѴ	EDTAķ	ѶM	ureaķ	and	Ƒѷ	SDS	
pH	ѶĺƏĺ	PooѴed	normaѴ	pѴasma	was	 incѴuded	at	three	positions	 in	
the	geѴ	as	a	normaѴ	controѴĺ	GeѴs	were	incubated	with	rabbit	antiŊ	
human	VWF	poѴycѴonaѴ	 antibody	 and	 swine	 antiŊ	rabbit	 antibody	
conjugated	 with	 aѴkaѴine	 phosphatase	 Őboth	 Dako	 UK	 Ltdķ	 EѴyķ	
UKőĺ	AѴkaѴine	phosphatase	conjugate	kit	ŐBiorad	Laboratories	Ltdķ	
HercuѴesķ	CAķ	USAő	was	used	to	visuaѴize	the	muѴtimersĺ	MuѴtimer	
patterns	were	visuaѴѴy	inspected	by	three	independent	operators	
since	densitometry	couѴd	not	be	performed	ѴocaѴѴyĺ	TripѴet	bands	
ƐŊ	Ɣ	were	considered	LMWMķ	ѵŊ	ƐƏ	as	 IMWMķ	and	ƐƐ	or	more	as	
HMWMĺ	MuѴtimer	 patterns	were	 either	 considered	 quaѴitativeѴy	
normaѴķ	reduction	of	HWMķ	gross	reduction	of	HWM	Őand	IMWMőķ	
or	 absence	 of	 muѴtimers	 in	 comparison	 to	 the	 pooѴed	 normaѴ	
pѴasma	controѴĺ

MuѴtimer	anaѴysis	from	site	Ƒ	was	performed	by	the	Ѵaboratory	of	
Professor	Budde	in	Hamburg	using	a	previousѴy	described	methodĺƐѵ

The	HydrageѴ	Ɣ	VWF	muѴtimers	kit	ŐHƔVWMő	was	used	with	the	
Hydrasys	 Ƒ	 Scan	 instrumentation	 to	 perform	 agarose	 geѴ	 eѴectroŊ
phoresis	using	preformed	Ƒѷ	agarose	geѴsķ	 direct	 immunofixationķ	
visuaѴization	with	 peroxidaseŊ	ѴabeѴѴed	 antibodyķ	 and	 densitometryĺ	
HƔVWM	Kits	were	provided	by	Sebia	for	 this	evaѴuationĺ	SampѴes	
were	initiaѴѴy	tested	at	a	ƐĹѵ	diѴution	of	pѴasma	with	sampѴe	diѴuentĺ	
During	 this	 studyķ	 individuaѴs	with	VWFĹAg	 ѴeveѴs	 beѴow	ƑƏ	IUņdL	
or	greater	than	ƐƔƏ	IUņdL	were	aѴso	tested	at	ƐĹƓ	or	ƐĹƐƑ	diѴutions	
of	 pѴasmaķ	 respectiveѴyķ	 according	 to	 the	 manufacturerĽs	 recomŊ
mendations	at	the	commencement	of	the	studyĺ	The	manufacturer	

F IGURE  ƐՊ ŐAŊ	Dő	Limit	of	detection	of	HydrageѴ	Ɣ	VW	MuѴtimers	ŐHƔVWMő	using	diѴuted	normaѴ	pѴasmaĺ	HƔVWM	densitometry	from	
Ѵeft	Ѵow	moѴecuѴar	weight	muѴtimers	ŐLMWMő	to	right	high	moѴecuѴar	weight	muѴtimers	ŐHMWMő	with	peaks	ƐŊ	ƒ	LMWMķ	ƓŊ	ƕ	intermediate	
moѴecuѴar	weight	muѴtimers	ŐIMWMőķ	and	above	ƕ	HMWMĺ	NormaѴ	quaѴity	controѴ	sampѴe	is	indicated	by	a	soѴid	bѴack	Ѵine	and	test	sampѴes	
in	bѴueĺ	The	muѴtimer	image	is	depicted	in	the	top	right	of	each	ŐAőķ	von	WiѴѴebrand	factor	antigen	ŐVWFőĹAg	of	ƑƏ	IUņdL	densitometry	
LMWM	ƐƔĺѶѷķ	IMWM	ƒѶѷķ	HMWM	ƓѵĺƑѷĺ	ŐBő	VWFĹAg	of	ƐƔ	IUņdL	densitometry	LMWM	ƐƖѷķ	IMWM	ƒƔĺѶѷķ	HMWM	ƓƔĺƑѷĺ	ŐCő	
VWFĹAg	of	ƐƏ	IUņdL	densitometry	LMWM	ƒƑѷķ	IMWM	ƑƒĺƓѷķ	HMWM	ƓƓĺѵѷĺ	ŐDő	VWFĹAg	of	Ɣ	IUņdL	densitometry	LMWM	ƒƏĺѶѷķ	IMWM	
ƑƒĺƓѷķ	HMWM	ƓƔĺѶѷ
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has	 since	 revised	 the	methodoѴogy	 to	 diѴute	 sampѴes	 greater	 than	
ƐƔƏ	IUņdL	 at	 ƐĹƐƏĺ	 Densitometry	 was	 performed	 by	 Hydrasys	 Ƒ	
Scanĺ	 The	 percentage	 of	 LMWMķ	 IMWMķ	 and	 HMWM	 were	 asŊ
sessed	using	Phoresis	software	ŐSebiaő	with	peaks	ƐŊ	ƒ	designated	as	
LMWMķ	peaks	ƓŊ	ƕ	as	IMWMķ	and	peaks	ƻƕ	as	HMWM	according	to	
the	manufacturerĽs	 recommendationsĺ	 A	 normaѴ	 ѴeveѴ	 quaѴity	 conŊ
troѴ	ŐQCő	pѴasmaķ	ChronoѴog	VWF	reference	pѴasma	ŐHavertownķ	PAķ	
USAő	was	incѴuded	on	each	geѴĺ

Lower	 Ѵimit	 of	 detection	 for	 the	 densitometry	 was	 evaѴuated	
using	SSC	Ѵot	Ɠ	pѴasma	ŐNIBSCķ	Potters	Barķ	UKő	diѴuted	to	ƑƏķ	ƐƔķ	ƐƏķ	
and	Ɣ	IUņdL	in	FVIII	and	VWF	deficient	pѴasma	ŐWerfenőĺ

HistoricaѴ	 mutation	 anaѴysis	 in	 SheffieѴd	 and	 for	 those	 samŊ
pѴes	 referred	 from	 ItaѴy	 was	 initiaѴѴy	 undertaken	 using	 Sanger	
sequencingĺ	Exons	ƐƕŊ	ƑƔ	and	exon	ƑѶ	were	 initiaѴѴy	anaѴyzed	for	
point	mutations	 in	 types	ƑN	and	ƑAķ	ƑBķ	and	ƑMĺ	SubsequentѴyķ	
the	remainder	of	the	VWF	gene	was	anaѴyzed	if	necessaryĺ	More	
recentѴyķ	 next	 generation	 sequencing	 was	 introduced	 and	 the	
entire	 coding	 region	 of	VWF	 anaѴyzed	 simuѴtaneousѴyĺ	 The	 gene	
paneѴ	 comprises	 Ɛƒ	 genes	 anaѴyzed	 using	 IѴѴumina	 HiSeq	 ƑƔƏƏ	
with	SureSeѴectķ	foѴѴowed	by	bioinformatic	anaѴysis	to	identify	seŊ
quence	to	identify	sequence	variantsĺ

Mutation	 anaѴysis	 was	 avaiѴabѴe	 for	 ѵѵ	 patients	 at	 site	 Ɛ	 onѴy	
which	 is	a	 Ѵimitation	to	 this	studyĺ	Of	 theseķ	 five	patients	had	muŊ
tations	Ѵinked	with	type	Ɛ	VWDķ	ƐƏ	patients	had	pĺRƐƑƏƔH	Vicenza	
VWDķ	seven	patients	with	type	ƑA	VWDķ	ƐƑ	patients	with	type	ƑM	
VWDķ	and	ƐƐ	patients	had	pĺRƐƒƕƓHņC	amino	acid	change	which	is	
variabѴy	Ѵinked	to	types	ƑA	and	ƑMĺ	Seventeen	patients	had	mutaŊ
tions	associated	with	ƑB	VWDĺ	Four	patients	had	mutations	Ѵinked	
to	type	ƑN	VWDĺ

ƒՊ |ՊRESULTS

InterŊ	assay	 coefficient	 of	 variation	 ŐCVőķ	 caѴcuѴated	 using	 the	
normaѴ	QC	data	 from	 ƔƖ	 geѴs	 performed	 at	 site	 Ɛķ	was	 Ɛƕѷ	 for	
LMWMķ	ƕĺƖѷ	for	IMMWķ	and	ѶĺƖѷ	for	HMWMĺ	IntraŊ	assay	variŊ
abiѴity	was	assessed	with	the	normaѴ	QC	tested	in	five	weѴѴs	on	a	
singѴe	geѴĺ	CV	was	ѵĺѵѷ	for	LMWM	Őmean	ƐƖĺƔѷķ	SD	ƐĺƑƖőķ	ƒĺѵѷ	
for	 IMWM	 Őmean	ƓƑĺѶѷķ	 SD	ƐĺƔѵőķ	 and	ѵĺƏѷ	 for	HMWM	 Őmean	
ƒƕĺƔѷķ	SD	ƑĺƑѵőĺ

A	 quantitativeѴy	 normaѴ	 pattern	 with	 both	 muѴtimer	 methods	
was	observed	in	ƔƐ	of	ƔƔ	heaѴthy	normaѴ	donorsĺ	Gaussian	distribuŊ
tion	was	not	observed	with	HƔVWM	densitometry	 for	LWMW	or	
HMWM	so	reference	ranges	were	estabѴished	from	ƑĺƔѷ	and	ƖƕĺƔѷ	
percentiѴes	 for	 LMWM	 ŐƐƐĺѶѷŊ	Ƒƒĺѵѷőķ	 IMWM	 ŐƑƓĺѵѷŊ	ƓƑѷőķ	 and	
HMWM	ŐƒƔѷŊ	ƔѶĺƔѷőĺ

The	effect	of	 Ѵow	VWFĹAg	 ѴeveѴs	were	assessed	by	diѴution	of	
SSC	reference	pѴasma	to	resuѴt	in	VWFĹAg	ranging	from	ƑƏ	to	Ɣ	IUņ
dLĺ	 At	 decreasing	 VWFĹAgķ	 an	 increase	 to	 LMWM	was	 observed	
ŐƐƔĺѶѷŊ	ƒƏĺѶѷ	at	ƑƏ	and	Ɣ	IUņdLķ	 respectiveѴyő	with	 Ѵoss	of	 IMWM	
ŐƒѶѷŊ	ƑƒĺƓѷő	 but	 ѴittѴe	 change	 to	 HMWM	 ŐƓѵĺƑѷŊ	ƓƔĺѶѷőĺ	 BeѴow	
ƐƏ	IUņdLķ	 a	 Ѵoss	 of	 definition	 to	 the	 densitometry	 peaks	 was	 obŊ
served	Ősee	Figure	ƐAŊ	Dőĺ

Figure	Ƒ	 presents	 the	 resuѴts	 of	 the	 patient	 cohort	 excѴuding	
those	with	 type	ƑNķ	ƒķ	 and	AVWS	 for	 ease	of	 interpretationĺ	The	
mean	 VWF	 and	 HƔVWM	 densitometry	 resuѴts	 are	 depicted	 in	
TabѴe	Ɛĺ	 IndividuaѴs	with	discrepant	 IHVWM	and	HƔVWM	are	deŊ
taiѴed	in	TabѴe	Ƒĺ	SeventyŊ	four	individuaѴs	were	cѴassified	as	normaѴ	
VWFķ	ƕƑ	had	a	quantitativeѴy	normaѴ	 IHVWMĺ	Two	patientsķ	Bƕķ	a	
ƔƑ	year	 oѴd	maѴeķ	 and	BƐƐķ	 a	 pregnant	 femaѴe	 of	 ƒƏ	weeks	 gestaŊ
tionķ	had	a	Ѵoss	of	HMWM	by	IHVWM	but	normaѴ	densitometry	with	
HƔVWMķ	ƒѶĺƕѷ	and	ƒƕѷķ	respectiveѴyĺ

HƔVWM	densitometry	observed	a	reduction	to	HMWM	beѴow	
ƒƔѷ	 in	 three	 further	 patientsĺ	 PƔ	 and	 PƐƏķ	 with	 HMWM	 ƒƒĺѵѷ	
and	 ƑƖĺƐѷķ	 respectiveѴyķ	 had	 no	 genetic	 anaѴysis	 performed	 Ősee	
Figure	ƒAőĺ	PƐƐƖķ	an	ѶƏŊ	yearŊ	oѴd	maѴeķ	had	ƑƐĺƖѷ	HWMW	and	subŊ
sequent	mutation	anaѴysis	demonstrated	a	pĺPƐƒƒƕL	change	in	exon	
ƑѶ	Ѵinked	to	ƑB	VWD	Ősee	Figure	ƒB	and	TabѴe	Ƒőĺ

FiftyŊ	seven	patients	were	grouped	as	type	Ɛ	VWDĺ	FiftyŊ	two	
of	 Ɣƕ	 individuaѴs	 had	 a	 quaѴitativeѴy	 normaѴ	 muѴtimer	 pattern	
with	both	methodsĺ	Two	unreѴated	patients	ŐPƑƏƔ	and	PƑƐƒő	had	
a	 Ѵoss	 of	HMWM	muѴtimers	with	 both	methodsĺ	HMWM	were	
reduced	 with	 HƔVWM	 ŐƑƏĺƑѷ	 and	 ƑƏĺƖѷķ	 respectiveѴyőĺ	 Both	
were	known	to	have	pĺPƐƒƒƕL	mutation	Ѵinked	to	type	ƑB	VWD	
Ősee	TabѴe	Ƒőĺ	PƑƐƒ	is	the	daughter	of	PƐƐƖ	who	was	grouped	as	
normaѴ	VWFĺ

PƕƏ	ŐVWFĹAg	ƑƐ	IUņdL	and	VWF	Ac	Ɛѵ	IUņdLő	had	a	reduction	
of	 IHVWM	 but	 normaѴ	 HƔVWM	 ŐHMWM	 ƒѵĺƖѷő	 Ősee	 Figure	ƒC	
and	TabѴe	Ƒő	and	was	found	to	be	compound	heterozygous	for	type	
ƑA	 and	 type	 ƑB	 VWD	 with	 pĺPƐƑѵѵE	 and	 pĺPheƐƔƏƐSer	 amino	
acid	 substitutions	 in	 exon	 ƑѶĺ	 Two	 reѴated	 patients	 ŐPѵƓ	 and	 ѵƔő	
with	a	pĺCƐƐƒƏF	change	 in	exon	Ƒѵķ	had	visuaѴѴy	normaѴ	 IHVWMķ	
but	HƔVWM	observed	an	increase	in	LMWM	ŐƓƖĺƒ	and	ƒѵĺƓѷő	and	
decrease	 in	HMWM	 ŐƑƔĺƒ	 and	 ƒƑĺƕѷő	 Ősee	 TabѴe	Ƒőĺ	 VWFĹAg	was	
ƑƏ	IUņdL	in	both	patientsĺ

Ten	patients	had	pĺRƐƑƏƔH	amino	acid	change	ŐVicenza	VWDőķ	
VWF	 AcņVWFĹAg	 ratios	 greater	 than	 Əĺѵ	 and	 quaѴitativeѴy	 norŊ
maѴ	 IHVWMĺ	 VWFĹAg	 was	 Ѵess	 than	 ƐƔ	IUņdL	 in	 eight	 patientsĺ	
Densitometry	 of	 HƔVWM	 demonstrated	 that	 aѴѴ	 had	 normaѴ	
HMWM	but	six	patients	had	an	increase	in	the	Ѵowest	LMWMķ	peak	
Ɛ	ŐƑƒĺѵѷŊ	ƓƖĺƐѷőĺ

ThirtyŊ	three	 patients	were	 categorized	 as	 type	 ƑA	with	 a	 Ѵoss	
of	IHVWMĺ	VisibѴe	tripѴet	bands	ranged	from	Ɣ	to	ƐƏ	presentĺ	Five	
ŐPƖƓķ	Ɩѵķ	ƐƐƐķ	BѶķ	BƖő	had	a	normaѴ	HƔVWM	ŐHMWM	ƒƔĺƕѷŊ	ƓƏĺƒѷő	
and	of	theseķ	three	ŐPƖƓķ	PƖѵķ	and	PƐƐƐőķ	had	a	point	mutation	at	the	
same	amino	acid	ŐpĺRƐƒƕƓHņCőķ	two	ŐBѶ	and	BƖő	did	not	have	mutaŊ
tion	anaѴysis	avaiѴabѴe	Ősee	TabѴe	Ƒőĺ

A	reduction	of	HMWM	by	both	methods	was	observed	in	Ɛѵ	inŊ
dividuaѴs	known	to	have	VWD	type	ƑBĺ	Six	to	ƐƏ	tripѴet	bands	were	
visibѴe	 by	 IHVWM	whiѴst	 HƔVWM	HMWM	 ranged	 from	 ѵĺƔѷ	 to	
ƒƑĺƔѷĺ

TwentyŊ	eight	 individuaѴs	 cѴassified	 as	 type	 ƑM	 had	 normaѴ	
IHVWM	on	visuaѴ	inspectionĺ	ѵ	ŐPƐƑƐķ	PƐƑƓķ	PƐƑƔķ	PƑƐƓķ	PƑƐѵķ	and	
PƑƔƐő	had	reduction	to	HMWM	ŐƑƏĺƑѷŊ	ƒƒĺƓѷő	with	HƔVWM	densiŊ
tometry	exhibiting	a	fѴattened	appearance	of	the	HMWM	peak	Ősee	
Figure	ƒD	and	TabѴe	Ƒőĺ	An	increase	in	LMWM	peak	Ɛ	ŐƑѶĺƔѷŊ	ѵƕĺƕѷő	
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was	observed	in	Ɛѵ	of	ƑѶ	patients	but	onѴy	PƑƐѵ	had	a	Ѵow	VWFĹAg	
of	ƐƓ	IUņdLĺ	Three	sampѴes	were	from	patients	with	a	pĺRƐƒƐƔC	muŊ
tation	and	each	had	an	 increase	of	LMWMķ	ƒƐĺѶѷŊ	ѵƕĺƕѷķ	a	 Ѵoss	of	
IMWMķ	ƖĺƕѷŊ	ƐƐĺƐѷķ	and	one	ŐPƑƐѵő	had	a	reduced	HMWM	ƑƐĺƑѷĺ	
Four	 individuaѴsķ	 three	 reѴatedķ	 in	 this	 group	 had	 pĺRƐƒƕƓC	 mutaŊ
tion	with	two	ŐPƐƑƔ	and	PƑƔƐő	having	reduced	HMWM	by	HƔVWM	
densitometry.

EѴeven	patients	had	type	ƑN	VWDķ	aѴѴ	had	normaѴ	IHVWM	muѴŊ
timer	distributionķ	and	ƐƏ	were	normaѴ	by	HƔVWMĺ	Densitometry	
demonstrated	some	 Ѵoss	of	HMWM	in	PƐƓѶ	 ŐHMWM	ƒƐĺƕѷő	who	
was	 homozygous	 for	 pĺQƐƏƔƒHĺ	 An	 absence	 of	 aѴѴ	muѴtimers	was	
observed	by	both	methods	 in	 type	ƒ	VWDĺ	 It	was	not	possibѴe	 to	
perform	densitometry	in	this	groupĺ

The	 muѴtimers	 of	 ƐѶ	 patientsķ	 at	 Ѵeast	 one	 patient	 from	 each	
type	of	VWDķ	were	evaѴuated	prior	to	and	foѴѴowing	treatment	with	
Desmopressin	 Őn	Ʒ	Ɩő	 or	Haemate	P	 Őn	Ʒ	Ɩőĺ	 The	mean	densitometry	
pre	Desmopressin	was	 LMWM	ƐѵĺѶѷķ	 IMWM	Ƒѵĺƒѷķ	 and	HMWM	
ƔѵĺƖѷĺ	 PostŊ	Desmopressin	 means	 were	 ƐѵĺƖѷķ	 ƑƕĺƑѷķ	 and	 ƔƔĺƖѷķ	
respectiveѴyķ	with	an	 increase	above	 the	 top	of	 the	 reference	 range	

for	HMWM	observed	 in	 fiveĺ	Paired	 t test observed no statistically 

significant	difference	ŐP ƻ ƏĺƏƔő	between	preŊ		and	postŊ	Desmopressinĺ	
PreŊ	Haemate	Pķ	the	mean	HƔVWM	densitometry	was	LMWM	ƒƐĺƔѷķ	
IMWM	ƑƔĺѵѷķ	and	HMWM	ƓƑĺƖѷĺ	PostŊ	Haemate	Pķ	the	means	were	
ƒƒĺƒѷķ	ƒѶĺƔѷķ	and	ƑѶĺƑѷķ	respectiveѴyķ	and	onѴy	a	singѴe	patient	Őtype	
Ɛ	VWDő	had	normaѴ	HMWM	foѴѴowing	 treatmentĺ	Paired	 t test obŊ
served	no	statisticaѴѴy	 significant	difference	 ŐP ƻ ƏĺƏƔő	between	preŊ		
and	postŊ	Haemate	P	for	LMWMķ	converseѴyķ	a	statisticaѴѴy	significant	
difference	 was	 observed	 for	 both	 IMWM	 ŐP Ʒ ƏĺƏƏƑő	 and	 HMWM	
ŐP Ʒ ƏĺƏƐѵőĺ	Three	type	ƑA	VWD	patients	were	treated	with	WiѴfact	
and	 one	 type	 ƒ	 VWD	 patient	 with	 Voncentroĺ	 PostŊ	concentrate	
IHVWM	 were	 visuaѴѴy	 normaѴ	 in	 two	 of	 fourķ	 howeverķ	 HƔVWM	
demonstrated	a	Ѵoss	of	HMWM	ranging	from	Ɩĺƒѷ	to	ƑƏĺƖѷ	in	aѴѴ	four	
individuals.

Thirty	 previousѴy	 diagnosed	 AVWS	 patients	 were	 tested	 but	
since	the	VWFĹAg	of	five	was	beѴow	ƐƔ	IUņdL	so	densitometry	reŊ
suѴts	were	excѴudedĺ	Five	of	ƑƔ	remaining	patients	demonstrated	a	
Ѵoss	of	HMWM	by	IHVWM	with	no	tripѴet	bands	visibѴe	above	ƐƏķ	
and	normaѴ	densitometry	was	observed	with	HƔVWMĺ	Six	patients	

F IGURE  ƑՊRationaѴization	of	patient	resuѴts	according	to	the	VWF	activityķ	VWF	Acķ	ratio	of	VWF	AcņVWFĹantigen	ŐVWFĹAgő	and	inŊ	
house	muѴtimerķ	IHVWMķ	resuѴtĺ	Patients	were	group	according	to	VWF	Ac	and	then	ratio	of	VWF	activity	and	VWFĹAgĺ	IHVWM	pattern	
was	assessed	as	normaѴ	or	reduced	high	moѴecuѴar	weight	muѴtimers	ŐHMWMő	when	Ѵess	than	ƐƐ	muѴtimer	tripѴets	were	visibѴeĺ	The	number	
of	patients	with	discrepancy	between	IHVWM	and	HydrageѴ	Ɣ	muѴtimer	methodķ	HƔVWMķ	is	indicatedĺ	ResuѴts	from	patients	with	type	ƑNķ	
type	ƒ	and	acquired	von	WiѴѴebrand	syndrome	ŐAVWSő	were	excѴuded
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that	had	a	 Ѵoss	of	HWMW	by	both	methods	had	normaѴ	VWF	Acņ
VWFĹAg	ratios	of	ƏĺѵƓŊ	Əĺƕѵĺ

The	 presence	 of	 uѴtra	 Ѵarge	 MWM	 ŐULMWMő	 with	 HƔVWM	
Ősee	Figure	ƒEő	was	observed	in	the	four	 individuaѴs	with	TTPĺ	The	
ULMWM	using	the	IHVWM	were	Ѵess	obviousķ	particuѴarѴy	at	higher	
concentrations	of	ADAMTSƐƒĺ	Agreement	 in	muѴtimer	resuѴts	was	
observed	 in	 eight	 patients	 with	 eѴevated	 rheumatoid	 factor	 and	
three	patients	whose	bѴood	was	drawn	in	citrate	or	EDTAĺ

ƓՊ |ՊDISCUSSION

OveraѴѴ	 agreement	 of	 ƖƐĺƐѷ	 was	 observed	 between	 methods	 in	
patients	with	normaѴ	VWF	or	different	types	of	VWDĺ	Where	disŊ
crepancies	 occurredķ	 this	 was	 generaѴѴy	 due	 to	 subtѴe	 differences	
detected	by	densitometry	on	the	HydrageѴ	Ɣ	system	which	couѴd	not	
be	observed	by	visuaѴ	inspection	of	the	IHVWMĺ	Losses	of	HMWM	
with	HƔVWM	were	observed	in	patients	cѴassified	as	normaѴ	VWF	
or	type	Ɛ	VWD	that	had	genetic	mutations	in	VWF	Ѵinked	to	type	Ƒ	
VWDĺ	Often	these	groups	of	patients	may	not	have	muѴtimers	rouŊ
tineѴy	anaѴyzed	and	diagnoses	couѴd	be	missedĺ	Such	findings	sugŊ
gest	that	VWF	muѴtimer	assays	shouѴd	be	performed	in	aѴѴ	patients	
with	reduced	VWF	activity	and	VWFĹAg	but	testing	shouѴd	aѴso	be	
considered	in	individuaѴs	with	normaѴ	VWFĹAg	and	VWF	Ac	who	exŊ
perience	significant	bѴeeding	of	unknown	causeĺ

The	 recѴassification	 of	 type	 Ƒ	 VWD	 into	 four	 subgroups	 in	
ƐƖƖƓ	 has	 Ѵed	 to	 many	 confѴicting	 reports	 Ѵinked	 to	 particuѴar	
mutations	 in	 VWFĺƔ	 SeveraѴ	 mutations	 present	 in	 our	 cohortķ	
incѴuding	 pĺCƐƐƒƏFķ	 pĺRƐƑƏƔHķ	 pĺRƐƒƐƔCķ	 and	 pĺRƐƒƕƓCņHķ	
have	 been	 Ѵinked	 to	 more	 than	 one	 type	 or	 subtype	 of	 VWD	

in	 the	 Ѵiteratureĺ	Patients	with	pĺCƐƐƒƏF	have	previousѴy	been	
cѴassified	 as	 both	 type	ƑAŐIIEő17	 and	 type	Ɛ	VWD18 with some 

authors	 reporting	 an	 aberrant	 IHVWM	 patternķƐƕķƐƖ	 howeverķ	
we	 observed	 a	 normaѴ	muѴtimer	 pattern	 by	 IHVWM	 and	 a	 reŊ
duction	of	HMWM	with	HƔVWM	in	three	patientsĺ	Ten	patients	
with	pĺRƐƑƏƔH	 ŐVicenza	VWDő	were	cѴassified	as	 type	Ɛ	VWD	
in	 this	 study	 aѴthough	 this	 mutation	 has	 aѴso	 been	 cѴassified	
as	 type	 ƑM	 VWDĺ20	 Three	 patients	 with	 pĺRƐƒƐƔC	were	 cѴasŊ
sified	 as	 type	 ƑM	 but	 this	mutation	 has	 aѴso	 been	 Ѵinked	with	
type	ƑA	VWDĺƐƖķƑƐķƑƑ	EѴeven	individuaѴsķ	from	four	famiѴiesķ	had	
pĺRƐƒƕƓCņHķ	associated	with	both	type	ƑAƐƖ	and	ƑM23	VWDĺ	Of	
the	 seven	 reѴated	 patientsķ	 four	were	 grouped	 as	 type	ƑA	 and	
three	as	type	ƑMĺ	This	present	study	confirms	that	the	presence	
of	 a	 particuѴar	 genetic	 variant	 does	 not	 aѴways	 correѴate	 with	
phenotypic	 assaysĺ	AdditionaѴ	 studies	 are	 required	 to	 compare	
tradition	 muѴtimers	 with	 the	 HƔVWM	 assay	 in	 patients	 with	
these	ambiguous	mutationsĺ

Post	DDAVP	sampѴesķ	eight	of	which	were	 type	Ɛ	VWD	and	
one	ŐPƕƏő	with	combined	type	ƑA	and	ƑBķ	had	normaѴ	muѴtimers	
with	both	methodsĺ	FoѴѴowing	 treatment	with	 the	VWF	concenŊ
trates	used	 in	 this	studyķ	onѴy	a	singѴe	 type	Ɛ	VWD	patientķ	had	
HMWM	 within	 normaѴ	 Ѵimitsĺ	 Not	 aѴѴ	 high	 purity	 human	 VWF	
concentrates	 fuѴѴy	 restore	 HMWM	 to	 normaѴ	 ѴeveѴsķ10	 aѴthough	
Haemate	P	has	previousѴy	been	demonstrated	to	produce	a	signifŊ
icant	increase	to	HMWMķƑƓ this was not observed in our cohort. 

Further	studies	are	needed	to	investigate	post	treatment	sampѴes	
using	HƔVWMĺ

AVWS	 is	 caused	 by	 a	 number	 of	 mechanisms	 as	 reviewed	 by	
MohriĺƑƔ	There	was	no	cѴear	reѴationship	between	VWF	AcņVWFĹAg	
ratio	 and	 muѴtimer	 profiѴe	 in	 our	 patients	 howeverķ	 agreement	

TABLE  ƐՊMean	Őand	rangeő	of	VWF	parameters	and	HƔVWM	densitometry	of	patient	cohorts	incѴuded	in	this	study

Groupķ n

VWF Parameters Hydrasys 5 densitometry

VWFĹAg ŐIUņdLő VWF Ac ŐIUņdLő Ratio VWF ActņAg LMWM Őѷő IMWM Őѷő HMWM Őѷő

Normal 

donorsķ	ƔƐ
ƐƏƑ	ŐƕƒŊ	ƐƔƕő ƖƓ	ŐƔѶŊ	Ɛѵƕő ƏĺƖƑ	ŐƏĺѵƓŊ	ƐĺƑƖő Ɛƕĺƒ	ŐƐƏĺѶŊ	ƑƔĺƖő ƒƒĺƏ	ŐƑƒĺѶŊ	ƓƒĺƓő ƓƖĺƖ	ŐƒƓĺƕŊ	ƔƖĺƒő

NormaѴ	VWFķ	
ƕƓ

ƖƖĺƔ	ŐƔƑŊ	ƒƏƔő ѶƖĺѶ	ŐƔƑŊ	Ƒƕƕő ƏĺƖƒ	ŐƏĺƕƏŊ	ƐĺƑѶő ƐƕĺƐ	ŐƖĺƐŊ	ƒƖĺƔő ƒƏĺƒ	ŐƑƐĺƕŊ	ƒƖĺѵő ƔƑĺƑ	ŐƑƐĺƖŊ	ѵƕĺѶő

Type	Ɛ	VWDķ	
Ɠƕ

ƒƕĺƕ	ŐƐƑŊ	ѵѵő ƒƒĺƑ	ŐѶŊ	ƔѶaő ƏĺѶѶ	ŐƏĺѵƔŊ	ƐĺƒƑő ƑƏĺƔ	ŐѶĺƓŊ	ƓƖĺƒő ƑѶ	ŐƐѵĺƑŊ	ƓƐĺƓő ƔƐĺѵ	ŐƑƏĺƑŊ	ƕƏĺƖő

Type	Ɛ	
Vicenzaķ	ƐƏ

ƐƏĺƑ	ŐѵŊ	ƑƐő Ɩĺƒ	ŐƔŊ	ƐѶő ƏĺƖѵ	ŐƏĺѵƕŊ	ƐĺƓƒő ƒƒĺѵ	ŐƑƐĺƒŊ	ƓƖĺƐő ƐƔĺƑ	ŐƔŊ	ƒѶĺѵő ƔƐĺƑ	ŐƒƕĺѶŊ	ѵƒĺƐő

Type	ƑAķ	ƒƒ ƓƏĺƑ	ŐƐƒŊ	ƐƒƑő ƐƒĺƐ	ŐƐŊ	ƓƓő ƏĺƒƓ	ŐƏĺƏƓŊ	ƏĺѵƏő ѵƏĺƕ	ŐƑѵĺƕŊ	ƖƏĺѵő ƑƐĺƕ	ŐƒĺƔŊ	ƓƏĺƏő Ɛƕĺѵ	ŐƐĺƐŊ	ƓƏĺƒő

Type	ƑBķ	Ɛѵ ƓƒĺѶ	ŐƐƖŊ	ѶƏő ƐƓĺѵ	ŐѵŊ	ƒƐő ƏĺƒƓ	ŐƏĺƑƔŊ	ƏĺѵƏő ƔƔĺƓ	ŐƑƓĺƔŊ	ѵѵĺƖő ƒƓĺƔ	ŐƑƒŊ	ƓƔĺƑő ƐƏĺƑ	ŐƒĺƐŊ	ƒƑĺƔő

Type	ƑMķ	ƑѶ ƒƔĺƔ	ŐƖŊ	ƖƖő ƐƒĺƓ	ŐƓŊ	ƑƖő ƏĺƒƖ	ŐƏĺƐѵŊ	ƏĺѵƏő ƒƑĺѶ	ŐƖĺѶŊ	ѵƕĺƕő ƑƒĺƓ	ŐƔĺƔŊ	ƒѵĺѵő ƓƒĺƖ	ŐƑƏĺƑŊ	ƕƐĺƓő

Type	ƑNķ	ƐƐ ѵѶ	ŐƒƓŊ	ƐƒѶő 83b	ŐƒƒŊ	ƐѶƕő 1.1b	ŐƏĺƖŊ	ƐĺƓő ƑƐĺƓ	ŐƐƓĺƓŊ	ƒƏĺƓő ƒƏĺѶ	ŐѵĺƑŊ	ƓƏĺƐő ƓƕĺƖ	ŐƒƐĺƕŊ	ѵƓĺƖő

Type	ƒķ	ƒ ƺƔ ƺƓ � No	peaks

AVWSķ	ƒƏ ƕƖĺƓ	ŐƕŊ	ƑƔƓő ƔѶĺѵ	ŐƑŊ	ƑƐƐő ƏĺƕƑ	ŐƏĺƑƑŊ	ƐĺƒѶő ƒѶĺƒ	ŐƐƐŊ	ѶƔĺƖő ƑƔĺƏ	ŐƑĺѶŊ	ƓƑĺƑő ƒѵĺƕ	ŐƏĺƖŊ	ƕƑĺƖő

AVWSķ	acquired	von	WiѴѴebrand	syndromeĸ	HMWMķ	high	moѴecuѴar	weight	muѴtimersĸ	 IMWMķ	 intermediate	moѴecuѴar	weight	muѴtimersĸ	LMWMķ	
Ѵow	moѴecuѴar	weight	muѴtimersĸ	VWF	Acķ	VWF	activityĸ	VWFĹAgķ	VWF	antigenĺ
aVWFĹCB	reduced	beѴow	normaѴ	rangeĺ
bVWF	Ac	not	avaiѴabѴe	in	Ɣ	of	ƐƐ	patients	at	site	Ɛĺ
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between	muѴtimer	methods	was	observed	 in	ƕƕѷ	of	patientsĺ	The	
reasons	for	the	differences	are	unknown	but	may	be	 Ѵinked	to	the	
underѴying	mechanism	of	the	disorderĸ	further	investigation	of	these	
patients	is	therefore	warrantedĺ

PѴasma	from	ƔƔ	normaѴ	donors	was	initiaѴѴy	incѴuded	to	estabѴish	
aduѴt	reference	rangesĺ	InterŊ	quartiѴe	ranges	ŐIQRő	were	caѴcuѴatedĸ	
howeverķ	 four	 donorsķ	 one	 femaѴe	 and	 three	 maѴesķ	 had	 LMWM	
ŐƑѶĺƔѷŊ	ƒƒĺƔѷő	which	 exceeded	 the	upper	 quartiѴe	 ƳƐĺƔ	 IQR	vaѴue	
of	 ƑѵĺƑѷĺ	 These	 donors	 were	 considered	 statisticaѴ	 outѴiers	 and	
excѴuded	 from	further	 reference	 range	caѴcuѴationsĺ	The	 resuѴts	of	
Ѵimited	groups	of	patients	suggested	that	HƔVWM	was	not	affected	
by	the	presence	of	rheumatoid	factor	or	use	of	EDTA	in	pѴace	of	soŊ
dium	citrate	as	anticoaguѴantĺ	CV	of	 Ѵess	 than	ƐƏѷ	were	observed	
for	 IMWM	and	HMWM	with	 the	 normaѴ	QC	sampѴeķ	 but	 LWMW	
was	unexpectedѴy	sѴightѴy	more	variabѴe	than	the	other	parametersĺ	
IdeaѴѴyķ	a	pathoѴogicaѴ	QC	sampѴe	with	reduced	HMWM	wouѴd	aѴso	
be	incѴuded	on	each	geѴĺ	This	wouѴd	not	be	practicaѴ	with	the	fiveŊ	weѴѴ	
HƔVWM	geѴ	used	for	this	present	studyķ	howeverķ	an	eѴevenŊ	weѴѴ	geѴ	

ŐHydrageѴ	ƐƐ	VWő	is	avaiѴabѴe	which	offers	more	scope	for	the	incѴuŊ
sion	of	two	ѴeveѴs	of	QC	pѴasmaĺ

The	sensitivity	of	VWF	activity	assays	to	different	VWF	mutaŊ
tions	cѴearѴy	impacts	on	the	diagnosis	and	cѴassification	of	VWDĺ	
Innovance	VWF	Acķ	performed	at	site	Ɛķ	 is	a	VWFĹGPƐbM	type	
assay2	 that	utiѴizes	 two	gain	of	 function	mutations	 to	gѴycoproŊ
tein	Ɛb	ŐGPƐbő	 in	pѴace	of	Ristocetin	and	pѴateѴetsĺ	The	VWFĹAg	
and	 VWF	 Ac	 of	 muѴtimer	 discrepant	 patients	 were	 confirmed	
on	 repeatĺ	 It	 is	 possibѴe	 that	 the	VWF	Ac	 assay	was	 Ѵess	 sensiŊ
tive	 to	 certain	mutations	 than	 a	 traditionaѴ	 VWFĹRCoĺ	 A	 previŊ
ous	study	 reported	some	sѴight	differences	 in	particuѴar	 in	 type	
ƑA	 ŐIIEőķ	 Vicenza	 VWDķ	 and	 severaѴ	 type	 Ɛ	 VWD	 patientsĺƑѵ 
Laboratories	which	use	one	of	the	new	generation	of	VWF	activŊ
ity	assays	shouѴd	contempѴate	incѴuding	a	second	activity	method	
during	 the	 initiaѴ	 diagnosis	 of	 VWDĺ	We	 propose	 an	 aѴgorithm	
for	the	incѴusion	of	HƔVWM	as	a	screening	tooѴ	in	the	diagnosis	
of	 VWD	 in	 the	 Ѵaboratory	 Ősee	 Figure	Ɠőĺ	 This	 aѴgorithm	 uses	 a	
VWF	AcņVWFĹAg	ratio	cutŊ	off	of	ƏĺѶ	to	determine	whether	VWF	

TABLE  ƑՊPatients	with	discrepant	IHVWM	and	HƔVWM

ID
PROPOSED 
CLASSIFICATION VWFĹAg VWF Ac Ratio IHVWM HƔVWM LMWM IMWM HMWM MUTATION

PƔ NormaѴ	VWF 72 Ɣƕ ƏĺƕƖ QNORM RHWMW 30.8 ƒƔĺѵ ƒƒĺѵ UNK

PƐƏ NormaѴ	VWF ƐƐƔ 87 Əĺƕѵ QNORM RHMWM ƒƖĺƔ ƒƐĺƓ ƑƖĺƐ UNK

PƐƐƖ NormaѴ	VWF 102 82 0.80 QNORM RHWMW ƒѶĺƔ ƒƖĺѵ ƑƐĺƖ pĺPƐƒƒƕL

Bƕ NormaѴ	VWF ƒƏƔ 277 ƏĺƖƐ RHMWM QNORM ƒƏĺƖ ƒƏĺƓ 38.7 UNK

BƐƐ NormaѴ	VWF ƐƔƓ 108 0.70 RHMWM QNORM ƑѶĺƖ ƒƓĺƐ 37.0 UNK

PѵƓ 1 20 13 ƏĺѵƔ QNORM RHMWM ƒѵĺƓ ƒƏĺƖ 32.7 pĺCƐƐƒƏF

PѵƔ 1 20 18 ƏĺƖƏ QNORM RHMWM ƓƖĺƒ ƑƔĺƓ ƑƔĺƒ pĺCƐƐƒƏF

PƕƏ 1 21 Ɛѵ Əĺƕѵ RHMWM QNORM ƑƕĺƖ ƒƔĺƑ ƒѵĺƖ pĺPƐƑѵѵQņpĺ
FƐƔƏƐS

PƑƏƔ 1 ƓƔ ƒƔ 0.78 RHMWM RHMWM ƓƒĺƑ ƒѵĺѵ 20.2 pĺPƐƒƒƕL

PƑƐƒ 1 ѵƑ ƓƏ ƏĺѵƔ RHMWM RHMWM Ɠƒĺƒ ƒƔĺѶ ƑƏĺƖ pĺPƐƒƒƕL

PƖƓ ƑA 20 11 ƏĺƔƔ RHMWM QNORM 27.1 ƒƔĺƓ ƒƕĺƔ pĺRƐƒƕƓC

PƖѵ ƑA ƑƓ 10 ƏĺƓƑ RHMWM QNORM 32.1 28.1 ƒƖĺѶ pĺRƐƒƕƓH

PƐƐƐ ƑA 23 10 ƏĺƓƒ RHMWM QNORM ƓƔĺѵ ƐѵĺƐ 38.3 pĺRƐƒƕƓC

BѶ ƑA 27 Ɛѵ ƏĺƔƖ RHMWM QNORM Ƒѵĺƕ 33.0 ƓƏĺƒ UNK

BƖ ƑA 21 8 0.38 RHMWM QNORM ƒƏĺƖ ƒƒĺƓ ƒƔĺƕ UNK

PƐƑƐ ƑM 31 13 ƏĺƓƑ QNORM RHMWM ƔƏĺѵ ƑƓĺѶ ƑƓĺѵ UNK

PƐƑƓ ƑM ƒƖ ƐƖ ƏĺƓƖ QNORM RHMWM ƔƓĺƐ ƑƔĺƕ 20.2 No mutation in 

exon	ƑѶ

PƐƑƔ ƑM ƑƓ ѵ ƏĺƑƔ QNORM RHMWM ƓƔĺƐ ƑƐĺƔ ƒƒĺƓ pĺRƐƒƕƓC

PƑƐƓ ƑM ƑƔ 11 ƏĺƓƓ QNORM RHMWM ƔƖĺƖ 18 22.1 pĺDƐƑƕƕEō
LƐƑƕѶdeѴinsE

PƑƐѵ ƑM ƑƔ ѵ ƏĺƑƓ QNORM RHMWM ѵƕĺƕ 11.1 21.1 pĺRƐƒƐƔC

PƑƔƐ ƑM ƑƔ Ɠ ƏĺƐѵ QNORM RHMWM ѵƏĺѵ 13 ƑѵĺƓ pĺRƐƒƕƓC

PƐƓѶ 2N 80 78 ƏĺƖѶ QNORM RHMWM ƒƏĺƓ ƒƕĺƖ 31.7 pĺQƐƏƔƒH	
homozygous

Patient	 identifierķ	cѴassification	based	on	the	 inŊhouse	VW	muѴtimer	 ŐIHVWMő	resuѴtķ	VWFķ	muѴtimerķ	densitometry	resuѴtsķ	and	genetic	mutations	
shown	 if	 knownĺ	MuѴtimer	 resuѴts	 were	 either	 quantitativeѴy	 normaѴķ	 QNORM	 or	 demonstrated	 a	 reduction	 of	 high	moѴecuѴar	 weight	muѴtimers	
ŐRHMWMőĺ	UNK	denotes	unknown	genetic	mutationĺ
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muѴtimers	shouѴd	be	performedĺ	This	increased	ratio	was	chosen	
to	try	to	ensure	that	those	few	patients	that	had	a	Ѵoss	of	HMWM	
but	were	cѴassified	by	ratio	as	normaѴ	VWF	or	type	Ɛ	VWDķ	wouѴd	
be	 further	 investigatedĺ	 Subsequent	 studies	 wouѴd	 determine	
whether	a	higher	ratio	cutŊ	off	vaѴue	is	beneficiaѴ	in	the	diagnosis	
of	such	patientsĺ

The	 HƔVWM	method	 has	 recentѴy	 been	 reviewed	 in	 a	 Ѵetterĺ27 

InterpretabѴe	resuѴts	were	avaiѴabѴe	within	one	working	day	using	minŊ
imaѴ	pѴasmaķ	though	no	tripѴet	patterns	couѴd	be	observed	and	there	is	
no	option	to	vary	the	agarose	concentration	to	focus	on	different	muѴŊ
timersĺ	A	Ѵoss	of	definition	of	the	muѴtimers	was	observed	at	VWFĹAg	
beѴow	ƐƏ	and	at	Ɣ	IUņdL	 the	densitometry	was	difficuѴt	 to	 interpretĺ	
At	decreasing	VWFĹAg	the	proportion	of	LMWM	doubѴedķ	with	a	corŊ
responding	Ѵoss	of	IMWMķ	aѴthoughķ	the	percentage	of	HMWM	was	
unchangedĺ	 TwentyŊ	one	 patients	 had	 VWFĹAg	 beѴow	 ƐƔ	IUņdL	 this	
incѴuded	eight	patients	with	pĺRƐƑƏƔH	mutationķ	three	patients	with	
type	ƒ	VWDķ	and	five	patients	with	AVWSĺ	It	must	be	recognized	that	

the	densitometry	resuѴts	in	these	patients	shouѴd	be	interpreted	with	
caution.

The	accurate	phenotypic	diagnosis	and	cѴassification	of	VWD	
requires	the	assessment	of	VWF	muѴtimer	distributionĺ	Currentķ	
IHVWM	 methods	 are	 Ѵaboriousķ	 nonstandardizedķ	 muѴtiŊ	step	
assays	which	 require	 a	 degree	 of	 expertise	 to	 perform	 and	 inŊ
terpretĺ	The	difficuѴty	in	diagnosis	is	compounded	by	reports	of	
different	muѴtimer	patterns	in	patients	who	have	identicaѴ	mutaŊ
tions	and	simiѴar	VWF	ѴeveѴsĺ	SampѴe	referraѴ	is	common	practice	
for	 many	 Ѵaboratories	 nevertheѴessķ	 this	 incurs	 transportation	
costsķ	and	a	deѴay	to	provision	of	the	finaѴ	resuѴt	which	may	deter	
cѴinicians	from	routineѴy	requesting	VWF	muѴtimer	anaѴysisĺ	The	
introduction	of	a	rapidķ	semiŊ	automatedķ	readyŊ	toŊ	use	kit	which	
can	 be	 used	 to	 reduce	 the	 workѴoad	 of	 traditionaѴ	 muѴtimer	
methods	by	rapidѴy	screening	out	patients	with	normaѴ	muѴtimer	
patterns	and	 is	performed	on	existing	 technoѴogy	 is	 to	be	weѴŊ
comedķ	especiaѴѴy	by	Ѵess	speciaѴized	Ѵaboratoriesĺ	In	the	current	

F IGURE  ƒՊ ŐAŊ	Eő	ExampѴe	HydrageѴ	Ɣ	VW	muѴtimers	ŐHƔVWMő	densitometry	of	patients	from	the	studyĺ	ŐAő	Patient	ƐƏķ	normaѴ	VWF	and	
ƑƖѷ	high	moѴecuѴar	weight	muѴtimers	ŐHMWMőĺ	ŐBő	Patient	ƐƐƖ	normaѴ	VWFķ	ƑƑѷ	HMWM	and	pĺPƐƒƒƕL	mutation	Ѵinked	to	type	ƑB	VWDĺ	
ŐCő	Patient	ƕƏķ	compound	heterozygous	for	pĺFƐƔƏƐS	and	pĺPƐƑѵѵE	mutations	but	categorised	as	type	Ɛ	VWF	with	Ѵoss	of	IHVWM	and	
normaѴ	HƔVWMĺ	ŐDő	Patient	ƐƑƔ	categorised	as	type	ƑM	VWD	but	fѴattened	HMWM	peak	and	pĺRƐƒƕƓC	mutationĺ	ŐEő	an	exampѴe	of	uѴtraŊ	
Ѵarge	MWM	in	PƐѵƔ	with	TTP	and	reduced	ADAMTSƐƒ
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formatķ	 using	 a	 singѴe	 agarose	 concentration	 and	 without	 the	
sensitivity	 to	 visuaѴize	 the	muѴtimer	 tripѴet	 structureķ	HƔVWM	
is	unѴikeѴy	to	compѴeteѴy	repѴace	inŊ	house	muѴtimer	anaѴysis	but	
as	demonstrated	in	our	proposed	aѴgorithmķ	it	wouѴd	be	a	usefuѴ	
addition	 to	VWD	diagnosis	 in	 the	 routine	 Ѵaboratoryĺ	MuѴtimer	
abnormaѴities	couѴd	then	be	further	expѴored	in	more	detaiѴ	using	
inŊ	house	methods	with	Ѵarger	geѴs	and	at	different	agarose	conŊ
centrations	as	requiredĺ
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F IGURE  ƓՊProposed	VWD	diagnostic	aѴgorithm	incorporating	HƔVWMĺ	ŖThe	more	of	these	features	the	stronger	the	recommendation	
for	HƔVWM	and	vice	versaĺ	�FoѴѴow	orange	Ѵine	for	VWF	ƾƔƏ	IUņdL	in	absence	of	the	mentioned	featuresĺ	AHAķ	acquired	hemophiѴia	
Aĸ	FVIIIķ	factor	VIII	activityĸ	HƔVWMķ	HydrageѴ	Ɣ	von	WiѴѴebrand	MuѴtimerĸ	MPSķ	myeѴoproѴiferative	syndromeĸ	PFAķ	pѴateѴet	function	
anaѴyzerĸ	RIPAķ	RistocetinŊ	Induced	PѴateѴet	Aggregationĸ	VWFķ	von	WiѴѴebrand	factorĸ	VWDķ	von	WiѴѴebrand	diseaseĸ	VWF	ratioķ	ratio	of	
VWF	ActņVWFĹAg

Bleeding Assessment Score 

Physical examination  

Laboratory values  

(at least FVIII:C, VWF:Ag and VWF Ac)

VWF:Ag and/or VWF Ac < 30 IU/dL VWF:Ag and VWF Ac > 30 but < 50 IU/dL VWF:Ag and VWF Ac ≥50 IU/dL

one or more of the 

following features: 
-PFA ADP ↑ (not related to 

thrombocytopenia and/or 

reduced hematokrit and/or 

known platelet disorder) 

-Positive or new bleeding 

history (e.g. ISTH-BAT-Score 

> 4 points for men and 3 for 

female, resp.) 

- for aquired VWD possibly 

underlying condition (e.g. 

Aortic valve stenosis, MPS, 

paraproteinaemia, 

extracorporal assist device, 

etc.) 

-Age > 60 years

H5VWM 

Traditional

multimer analysis

possible VWD

Normal 

distribution

Relative decrease of 

HMWM multimers 

No evidence of VWD 
VWD type 1

if necessary, 

to exclude 

VWD type 

2M

VWD type 2

< 0.8 ≥0.8

VWF Ratio

Yes* 

no 

< 0.8† ≥0.8 

VWF Ratio

FVIII :C≥55 

IU/dl

FVIII:C < 55 

IU/dl , normal 

VWF

Further diagnostic depending on 

clinical features 
-Factor-VIII-binding assay  (type 2N VWD) 

-Bethesda assay (AHA) 

-Genetic analysis of the F8-gene 

RIPA

no 

VWF Ac < 30 IU/dL VWF Ac ≥30 IU/dL 

for confirmation

for diagnosing  

2B VWD

if applicable, 

repeat basic values 
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