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SUMMARY

Diagnostic tests for von Willebrand disease (VWD) are important for

the assessment of VWD, which is a commonly encountered bleeding

disorder worldwide. Technical innovations have been applied to

improve the precision and lower limit of detection of von Wille-

brand factor (VWF) assays, including the ristocetin cofactor activity

assay (VWF:RCo) that uses the antibiotic ristocetin to induce plasma

VWF binding to glycoprotein (GP) IbIXV on target platelets. VWF-

collagen-binding assays, depending on the type of collagen used,

can improve the detection of forms of VWD with high molecular

weight VWF multimer loss, although the best method is debatable.

A number of innovations have been applied to VWF:RCo (which is

commonly performed on an aggregometer), including replacing the

target platelets with immobilized GPIba, and quantification by an

enzyme-linked immunosorbent assay (ELISA), immunoturbidimet-

ric, or chemiluminescent end-point. Some common polymorphisms

in the VWF gene that do not cause bleeding are associated with fal-

sely low VWF activity by ristocetin-dependent methods. To over-

come the need for ristocetin, some new VWF activity assays use

gain-of-function GPIba mutants that bind VWF without the need for

ristocetin, with an improved precision and lower limit of detection

than measuring VWF:RCo by aggregometry. ELISA of VWF binding

to mutated GPIba shows promise as a method to identify gain-of-

function defects from type 2B VWD. The performance characteristics

of many new VWF activity assays suggest that the detection of

VWD, and monitoring of VWD therapy, by clinical laboratories

could be improved through adopting newer generation VWF assays.

INTRODUCTION

Laboratory tests are essential for the diagnosis and

classification of von Willebrand disease (VWD) and

the monitoring of VWD therapy [1–3]. The tests that

have been widely used by diagnostic laboratories to

assess von Willebrand factor (VWF) and classify VWF

abnormalities have included assays of factor VIII

coagulant activity, VWF antigen (VWF:Ag), and VWF

activity [1, 2, 4–8]. In the developed world, a increas-

334 © 2014 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem. 2014, 36, 334–340

REVIEW INTERNATIONAL JOURNAL OF LABORATORY HEMATOLOGY

International Journal of Laboratory Hematology
The Official journal of the International Society for Laboratory Hematology



ing number of laboratories are using VWF assays that

can be run on automated instruments [4–6, 8–11].

At present, VWF activity is most commonly mea-

sured by the ristocetin cofactor assay (VWF:RCo) that

uses the antibiotic ristocetin as a cofactor to induce

VWF binding to GPIba, which results in platelet

agglutination [2, 4, 6, 10]. Some laboratories supple-

ment the measurement of VWF activity by VWF:RCo

with collagen-binding assays (VWF:CB) to improve

the detection of VWF defects associated with a loss of

high molecular weight VWF multimers (HMWM)

and/or impaired binding of VWF to vascular endothe-

lial collagens [6, 10, 12, 13]. Methods that quantitate

VWF levels using a monoclonal antibody to an epi-

tope on VWF involved in binding GPIba (e.g., Hemo-

sIL von Willebrand factor Activity assay) are not true

activity assays and are not considered to be an ade-

quate replacement for VWF:RCo, due to their poor

agreement with methods that directly assess VWF

binding to GPIba [6, 14–17].

The lower reference interval limit for the ratio of

VWF activity to VWF:Ag is commonly used to distin-

guish quantitative defects (i.e., type 1 VWD and more

severe VWF deficiency due to type 3 VWD) from

qualitative defects associated with types 2A, 2B, and

2M VWD, which impair VWF binding to the GPIba
component of platelet GPIbIXV [2, 6]. Assessments of

ristocetin-induced platelet aggregation (RIPA), using

concentrations of ristocetin that do agglutinate, and

do not agglutinate, normal platelet-rich plasma, are

used to distinguish gain-of-function defects from type

2B or platelet-type VWD, from loss of function defects

due to type 2A or type 2M VWD [2, 6]. VWF multi-

mer analyses are performed in few laboratories but

remain useful to distinguish loss-of-function defects

caused by type 2A VWD (from a loss of HMWM) from

type 2M VWD (due to impaired VWF binding to

GPIba, which cannot be explained by a loss of

HMWM, with or without reduced VWF:Ag levels) [2,

3, 6]. VWF sequence analysis is sometimes also per-

formed, mainly at tertiary reference centers, to inves-

tigate and/or confirm VWD, including the forms of

type 1 VWD (i.e., type 1C) associated with accelerated

VWF clearance from plasma; type 2A, 2B, and 2M

VWD; and type 2N VWD, which impairs factor VIII-

VWF binding [2, 3, 6]. VWF propeptide (VWFpp)

assays, which quantitate plasma levels of the N-terminal

fragment of VWF that is released when mature VWF is

generated, are performed by few centers [18–21]. The

interpretation of VWFpp findings requires a compari-

son to the plasma level of mature VWF. The compari-

son of VWFpp to VWF:Ag shows promise as a method

to detect defects associated with accelerated VWF

clearance, including defects from type 1C VWD and

acquired von Willebrand syndrome (AVWS) (e.g., due

to an IgG paraprotein) [18–22].

This review highlights some of the recent technical

innovations in the assessment of VWF levels and func-

tion, including new commercial, diagnostic assays.

DESIRABLE FEATURES OF ASSAYS FOR VON
WILLEBRAND DISEASE TESTING

Assays with excellent sensitivity and precision, and a

lower limit of detection that is adequate to distinguish

between type 3 VWD and type 1 VWD, are desirable

for VWD testing and monitoring [2, 6]. Among all

VWF assays, VWF:RCo, performed on an aggregome-

ter, has shown the poorest precision and the poorest

sensitivity to low levels of VWF (Table 1) [5–8, 10,

23]. Other commonly used VWF activity assays have

a better lower limit of detection (Table 1) [6, 10, 11,

23, 24]. The best lower limit of detection has been

achieved with new methods that use a chemilumines-

cent end-point (Table 1) [25–27].

Presently, there is need for guidelines on the preci-

sion and limit of detection that are considered ade-

quate for using VWF assays for clinical diagnostic

purposes. With some methods, including VWF:RCo, it

may be difficult or impossible to distinguish between

type 1 VWD with VWF levels below 0.10 Interna-

tional units (IU)/mL from type 3 VWD, which could

have impacts on treatment and management [2, 6].

VWF assay sensitivity, specificity, precision, and lower

limit of detection are also important to distinguish

between quantitative and qualitative abnormalities,

and to decide whether additional tests (e.g., VWF:CB)

should be performed to adequately detect qualitative

defects [6, 10–12, 23, 24]. As VWF testing is also used

to assess AVWS, which can present with qualitative

and/or quantitative abnormalities, VWF diagnostic

assays should be useful for an assessment of congeni-

tal and acquired forms of VWD [22].

In the developed world, VWF assays run on auto-

mated analyzers are highly preferred to aggregometry

or ELISA based methods, and this is evident in sur-
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veys by proficiency testing organizations [4, 5, 8, 9,

23]. As few laboratories perform VWF multimer

analysis, an assay that is technically challenging and

not well standardized [4–6], technical innovations

that overcome the need for VWF multimer analysis,

or that simplify and improve multimer assay perfor-

mance, would be welcomed by diagnostic laboratories.

Few studies have reported on the sensitivity and

specificity of VWD assays as tests to detect VWD

among subjects referred for bleeding disorder investi-

gations, which is the main purpose of VWF assays

performed in diagnostic laboratories, apart from

therapy monitoring [1]. Some studies have assessed

new assays for the detection of VWD and their ability

to discriminate between quantitative and qualitative

VWF abnormalities, using ratios of activity to antigen

[15, 25, 28–30]. To avoid selection bias, some studies

have evaluated a new method using consecutive sam-

ples referred for clinical diagnostic testing [29].

Before switching to a new method in diagnostic

laboratories, it is important to consider the ability of

the assay to detect VWF defects, and to distinguish

quantitative from qualitative defects among prospec-

tively evaluated patients that represent the full spec-

trum of subjects encountered in diagnostic practice.

As VWF assays are used to diagnose and monitor

VWD in adults and children, the evaluation of a new

assay should include an assessment of pediatric and

adult samples, including those drawn to evaluate

VWD replacement or other therapies (e.g., desmopres-

sin, intravenous gammaglobulin for acquired VWD

due to an IgG paraprotein). Interference from other

Table 1. Limit of detection and imprecision of von Willebrand factor antigen and activity evaluated by platelet

glycoprotein Iba-dependent methods

Methodology

Imprecision

(coefficient of

variation, %)* Limit of detection Special considerations

von Willebrand factor antigen

ELISA 10–20% [6] 0.02 IU/mL [6] Not automated. Declining use.

Immunoturbidimetric assays 2.6–3.0% [27] 0.05 IU/mL [6]

0.02 IU/mL [11]

0.022 IU/mL [27]

Chemiluminescent assays 7% [26] 0.005 IU/mL [26] Not available in some countries.

3.9–5.3% [27] 0.003 IU/mL [27] Requires an ACL AcuStar

instrument (Instrumentation

Laboratory, Bedford MA)

Von Willebrand factor activity assays that use ristocetin as a cofactor

Agglutination 20–40% [6, 25] approximately

0.10 – 0.20 IU/mL

[6, 11, 24, 29]

Limitations associated with using

ristocetin. Declining use.

Immunoturbidimetric 3.8–6.2% [27] 0.03 IU/mL

(modified

assay) [11]

Limitations associated with

using ristocetin

<3.0% – <3.5% [40] 0.04 IU/mL [27]

Chemiluminescent 7% [26] 0.002 IU/mL [26] Not available in some countries.

Requires an ACL AcuStar instrument.

Limitations associated with

using ristocetin

4.2–6.9% [27] 0.005 IU/mL [27]

VWF activity, evaluated with a gain-of-function glycoprotein Iba mutant

ELISA 10–20% [6] 0.02 IU/mL [6] Not commercially available

Immunoturbidimetric 5.6% [29] 0.05 IU/mL [40] Not available in some countries.

0.04 IU/mL [29] Gives lower results than VWF:RCo for

some von Willebrand disease

subjects [29]

*If imprecision was estimated for several samples, the value for the healthy control sample was used.
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variables, such as polymorphisms that affect some

VWF test results but do not cause bleeding [31], and

pre-examination errors [32] also need consideration.

Stringent regulatory requirements for diagnostic

assay use in some developed countries influence which

assays can be used for patient care, and whether labo-

ratory developed tests and/or modifications to commer-

cial methods are considered acceptable [33]. Many

diagnostic laboratories prefer commercial assays as this

reduces the resources required to validate modified

procedures or ‘in-house’ methods. Nonetheless, there

are gaps in the information provided by manufacturers

of VWF assays. For example, VWF assay kits do not

provide reference intervals for ratios of VWF activity/

VWF:Ag, which are needed to distinguish qualitative

from quantitative forms of VWD. Current guidelines

for laboratories do not provide direction on how to

establish such ratios, including the minimum number

of healthy control samples required to establish appro-

priate cutoffs for VWF activity/VWF:Ag ratios.

IMPROVEMENTS IN METHODS FOR
QUANTIFYING VON WILLEBRAND FACTOR
ANTIGEN

Among VWF assays, VWF:Ag methods show the highest

level of agreement and the best precision, based on the

lowest, between-laboratory coefficient of variation in

proficiency testing challenges [5, 7–9]. Not surprisingly,

VWF:Ag assays performed on automated instruments

are used far more commonly than ELISA in the devel-

oped world [4, 5, 8, 9]. Automated VWF:Ag assays that

use an immunoturbidimetric end-point have a lower

limit of detection of about 0.04-0.05 IU/mL,which is not

an improvement compared with ELISA methods [24].

Newassays that use a chemiluminescent end-point, such

as the HemosIL AcuStar VWF Antigen (Instrumentation

Laboratory, Bedford, MA, USA), currently have the

lowest limit of detection (Table 1) [26, 27].

IMPROVEMENTS IN FUNCTIONAL METHODS
FOR QUANTIFYING VON WILLEBRAND
FACTOR ACTIVITY USING RISTOCETIN

A number of technical innovations have been applied

to address the poor precision and inadequate lower

limit of detection of VWF:RCo assays performed on an

aggregometer [11, 14, 15, 17, 24, 25, 27, 31, 34–36]. All

adaptations of VWF:RCo require ristocetin to induce

VWF binding to the platelet VWF receptor GPIbIXV,

whereas physiologic binding requires conformational

changes in VWF induced by shear forces or VWF bind-

ing to the extracellular matrix [6, 31]. The first adapta-

tions of VWF:RCo were the use of an automated

instrument to quantitate the agglutination end-point

[6]. While some VWF:RCo methods have been adapted

for other platforms, such as flow cytometry [28, 34, 35],

the most significant improvements in assay precision

and limit of detection have come from using immobi-

lized glycoprotein (GP) Ib (more specifically, GPIba
instead of platelets as the VWF capture), followed by

quantitation by an ELISA, immunoturbidimetric, or

chemiluminescent end-point on an automated instru-

ment [6, 11, 14, 15, 17, 25, 27, 36]. The information on

the precision and limits of determination, for modified

VWF:RCo assays, compared with VWF:RCo performed

on an aggregometer are summarized in Table 1. Profi-

ciency testing exercises will be helpful to further assess

the performance of new, automated, immunoturbidi-

metric, and chemiluminescent methods for measuring

VWF activity with added ristocetin.

One limitation that is shared by all methods that use

ristocetin to measure GPIb-dependent VWF function is

that falsely low results are measured for subjects with

VWF polymorphisms that reduce ristocetin-dependent

VWF binding to GPIba, without associated increases in

bleeding [31, 37, 38]. The polymorphisms associated

with falsely low VWF activity by ristocetin-dependent

methods include p.(D1472H) and p.(P1467S) [31, 37,

38]. The p.(D1472H) polymorphism in VWF is the most

common, and it results in a modest reduction (approxi-

mately 28% decrease) in VWF:RCo activity relative to

VWF antigen among subjects with and without VWD

[38]. This polymorphism does not affect VWF binding

to an activation mutant of GPIba that binds wild-type

VWF without added ristocetin [38]. More striking, fal-

sely low VWF activity by VWF:RCo has been reported

for p.(P1467S) (approximately 92.5% decrease, based

on data for three subjects), which is less common [31].

IMPROVEMENTS IN METHODS FOR
QUANTIFYING VWF ACTIVITY: ASSAYS THAT
DO NOT REQUIRE RISTOCETIN

There has been growing interest in measuring VWF

activity without ristocetin, as this antibiotic is pro-
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duced by a single manufacturer and it is recognized to

have significant lot-to-lot variability. The strategies

that have been applied to measure platelet-dependent

VWF activity without ristocetin include flow (shear)-

based methods (e.g., reference [39]) and ELISA or

automated-binding assays that use gain-of-function

GPIba mutants to capture plasma VWF without the

need for shear or matrix proteins [30, 31, 38].

There have been several studies of commercial,

automated, immunoturbidimetric assays that use gain-

of-function GPIba mutants captured onto latex beads to

measure VWF activity [29, 40]; information on their

precision, and limit of detection, is summarized in

Table 1. The Innovance� VWF Ac method has a better

lower limit of detection, and better precision, than

VWF:RCo estimated by aggregometry [29, 40]. Because

World Health Organization (WHO) standards do not

have an assigned a value for VWF activity by methods

other than VWF:RCo, VWF:CB, and factor VIII, the In-

novance� VWF Ac method uses VWF:RCo values for

secondary standards, referenced against WHO

standards. Bland–Altman analyses indicate that Inno-

vance� VWF Ac results are, on average, about 0.06–

0.07 IU/mL lower than VWF:RCo [29, 40]. Graf and

colleagues reported that some patients with VWD have

much lower levels measured by Innovance� VWF Ac

than expected (based on bias estimates), whereas

patients with a normal multimer distribution have find-

ings that are consistent with bias estimates [29]. They

observed that a type 2B VWD patient had much lower

activity measured by the Innovance� VWF Ac than

VWF:RCo method, both before and during VWF

replacement therapy [29]. Furthermore, use of the In-

novance� VWF Ac instead of VWF:RCo increased the

number of cases considered to have qualitative defects

of VWF, possibly from an increased sensitivity to quali-

tative defects in VWF-GPIba binding, including the loss

of HMWM [29].

Research on VWF:CB (which does not require rist-

ocetin) indicates that, depending on the type of colla-

gen used, these assays are helpful to identify patients

with loss of HMWM and VWF mutations at sites

involved in VWF binding to specific types of collagen

[5, 6, 9, 10, 12, 13, 23, 41, 42]. However, the best meth-

ods are debatable as VWF:CB differ in sensitivity to

HMWM loss [23]. Furthermore, the molecular mecha-

nism underlying VWF binding to type VI collagen dif-

fers from the mechanisms that support VWF binding to

types I and III collagen, and mutations affecting the

binding to specific types of collagen have been

described [6, 13, 42]. It is uncertain whether testing

VWF:CB, using several types of vascular collagens,

would reduce the proportion of patients considered to

have an ‘undefined’ bleeding problem after an evalua-

tion for VWD.

ALTERNATIVES TO RISTOCETIN- INDUCED
PLATELET AGGREGOMETRY TO DETECT TYPE
2B VON WILLEBRAND DISEASE

There has been interest in alternatives to RIPA for

identifying gain-of-function defects associated with

type 2B VWD because RIPA requires rapid testing of

freshly collected blood samples. This requirement pre-

cludes testing on frozen, shipped samples and means

that patients must travel centers that offer RIPA, or

undergo genetic testing for mutations associated with

type 2B VWD. Newly developed ELISA, which use a

gain-of-function GPIba mutant as the capture for

VWF, without added ristocetin, show promise in dis-

tinguishing type 2B from other forms of VWD [30].

While the immunoturbidimetric Innovance� VWF Ac

similarly uses a gain-of-function GPIba mutant to bind

VWF and evaluate function, this method cannot be

used to identify qualitative defects from type 2B VWD

because type 2B, type 2A, and 2M VWD plasmas have

similarly reduced VWF function by this assay [29]. It

is unclear whether immunoturbidimetric methods

could be modified to distinguish type 2B VWD from

type 2A and 2M VWD.

TECHNICAL INNOVATIONS IN VON
WILLEBRAND FACTOR MULTIMER
ASSESSMENTS

Proficiency testing has demonstrated that errors are

not uncommon among diagnostic laboratories that

perform VWF multimer assays [5]. A number of tech-

nical innovations have been applied to the assessment

of VWF multimer structure by expert research labora-

tories [43, 44]. It is possible that the increased sensi-

tivity of newer VWF activity assays to the loss of

HMWM could help identify which samples should be

evaluated for an altered multimer distribution, as this

is a feature of some congenital and acquired forms of

VWD [22].
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FUTURE DIRECTIONS AND CONCLUSIONS

In recent years, technical innovations in VWF assays

used to quantitate VWF:Ag and VWF activity have led

to significant improvements in the precision, lower

limit of detection, and overall performance of VWF

assays used for diagnostic and therapy monitoring pur-

poses. Some of the innovations applied to measuring

VWF activity have overcome the need to use ristocetin

to measure VWF binding to its platelet receptor,

GPIba. Practice trends show an increasing adoption of

methods that use automated platforms, particularly for

immunoturbidimetric methods. The development of

ELISA that can identify type 2B VWD gain-of-function

abnormalities suggests that in the future, it may be

possible to assess type 2B VWD without using RIPA.

The implementation of improved VWF assays is likely

to have positive impacts on the diagnosis and classifi-

cation of VWD, and the monitoring of patient

responses to therapy.

ACKNOWLEDGEMENTS

Lukas Graf is supported by a fellowship grant from

the Lichtenstein-foundation of the University of Basel,

Switzerland.

REFERENCES

1. Hayward CP, Moffat KA. Laboratory testing

for bleeding disorders: strategic uses of high

and low-yield tests. Int J Lab Hematol

2013;35:322–33.

2. Nichols WL, Hultin MB, James AH, Manco-

Johnson MJ, Montgomery RR, Ortel TL,

Rick ME, Sadler JE, Weinstein M, Yawn

BP. von Willebrand disease (VWD): evi-

dence-based diagnosis and management

guidelines, the National Heart, Lung, and

Blood Institute (NHLBI) Expert Panel

report (USA). Haemophilia 2008;14:

171–232.

3. Sadler JE, Budde U, Eikenboom JC, Faval-

oro EJ, Hill FG, Holmberg L, Ingerslev J,

Lee CA, Lillicrap D, Mannucci PM, Mazuri-

er C, Meyer D, Nichols WL, Nishino M,

Peake IR, Rodeghiero F, Schneppenheim R,

Ruggeri ZM, Srivastava A, Montgomery

RR, Federici AB. Update on the pathophys-

iology and classification of von Willebrand

disease: a report of the Subcommittee on

von Willebrand Factor. J Thromb Haemost

2006;4:2103–14.

4. Hayward CP, Moffat KA, Plumhoff E, Van

Cott EM. Approaches to investigating com-

mon bleeding disorders: an evaluation of

North American coagulation laboratory

practices. Am J Hematol 2012;87(Suppl. 1):

S45–50.

5. Chandler WL, Peerschke EI, Castellone DD,

Meijer P, Committee NPT. Von Willebrand

factor assay proficiency testing. The North

American Specialized Coagulation Labora-

tory Association experience. Am J Clin

Pathol 2011;135:862–9.

6. Favaloro EJ. Diagnosis and classification of

von Willebrand disease: a review of the

differential utility of various functional von

Willebrand factor assays. Blood Coag Fibri-

nol 2011;22:553–64.

7. Hayes TE, Brandt JT, Chandler WL, Eby

CS, Kottke-Marchant K, Krishnan J, Lefko-

witz JB, Olson JD, Rund CR, Van Cott EM,

Cunningham MT. External peer review

quality assurance testing in von Willebrand

disease: the recent experience of the United

States College of American Pathologists

proficiency testing program. Semin Thromb

Hemost 2006;32:499–504.

8. Kitchen S, Jennings I, Woods TA, Kitchen

DP, Walker ID, Preston FE. Laboratory tests

for measurement of von Willebrand factor

show poor agreement among different

centers: results from the United Kingdom

National External Quality Assessment

Scheme for Blood Coagulation. Semin

Thromb Hemost 2006;32:492–8.

9. Meijer P, Haverkate F. An external quality

assessment program for von Willebrand

factor laboratory analysis: an overview

from the European concerted action on

thrombosis and disabilities foundation.

Semin Thromb Hemost 2006;32:485–91.

10. Lee CA, Hubbard A, Sabin CA, Budde U,

Castaman G, Favaloro EJ, Friedman KD,

Federici AB. Laboratory diagnosis of von

Willebrand disease: results from a prospec-

tive and blind study in 32 laboratories

worldwide using lyophilized plasmas. J

Thromb Haemost 2011;9:220–2.

11. Favaloro EJ, Mohammed S, McDonald J.

Validation of improved performance

characteristics for the automated von

Willebrand factor ristocetin cofactor activ-

ity assay. J Thromb Haemost 2010;8:

2842–4.

12. Favaloro EJ. Evaluation of commercial von

Willebrand factor collagen binding assays

to assist the discrimination of types 1 and 2

von Willebrand disease. Thromb Haemost

2010;104:1009–21.

13. Flood VH, Gill JC, Christopherson PA,

Wren JS, Friedman KD, Haberichter SL,

Hoffmann RG, Montgomery RR. Compari-

son of type I, type III and type VI collagen

binding assays in diagnosis of von Wille-

brand disease. J Thromb Haemost 2012;

10:1425–32.

14. Lasne D, Dey C, Dautzenberg MD, Cherqa-

oui Z, Monge F, Aouba A, Torchet MF, Ge-

loen D, Landais P, Rothschild C. Screening

for von Willebrand disease: contribution of

an automated assay for von Willebrand

factor activity. Haemophilia 2012;18:e158–

63.

15. Trossaert M, Ternisien C, Lefrancois A, Llo-

pis L, Goudemand J, Sigaud M, Fouassier

M, Caron C. Evaluation of an automated

von Willebrand factor activity assay in von

Willebrand disease. Clin Appl Thromb/He-

most 2011;17:E25–9.

16. Chen D, Tange JI, Meyers BJ, Pruthi RK,

Nichols WL, Heit JA. Validation of an

automated latex particle-enhanced immu-

noturbidimetric von Willebrand factor

activity assay. J Thromb Haemost 2011;9:

1993–2002.

17. De Vleeschauwer A, Devreese K. Compari-

son of a new automated von Willebrand

factor activity assay with an aggregation

von Willebrand ristocetin cofactor activity

assay for the diagnosis of von Willebrand

disease. Blood Coag Fibrinol 2006;17:

353–8.

18. Hubbard AR, Hamill M, Eikenboom HC,

Montgomery RR, Mertens K, Haberichter

S, S. S. C. sub-committee on von Wille-

brand factor of ISTH. Standardization of

von Willebrand factor propeptide: value

assignment to the WHO 6th IS Factor VIII/

© 2014 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem. 2014, 36, 334–340

C. P. M. HAYWARD, K. A. MOFFAT AND L. GRAF | ADVANCES IN VON WILLEBRAND FACTOR TESTING 339



von Willebrand factor, plasma (07/316). J

Thromb Haemost 2012;10:959–60.

19. Gadisseur A, Berneman Z, Schroyens W,

Michiels JJ. Laboratory diagnosis of von

Willebrand disease type 1/2E (2A subtype

IIE), type 1 Vicenza and mild type 1 caused

by mutations in the D3, D4, B1-B3 and

C1-C2 domains of the von Willebrand fac-

tor gene. Role of von Willebrand factor

multimers and the von Willebrand factor

propeptide/antigen ratio. Acta Haematol

2009;121:128–38.

20. Haberichter SL, Castaman G, Budde U,

Peake I, Goodeve A, Rodeghiero F, Federici

AB, Batlle J, Meyer D, Mazurier C, Goude-

mand J, Eikenboom J, Schneppenheim R,

Ingerslev J, Vorlova Z, Habart D, Holmberg

L, Lethagen S, Pasi J, Hill FG, Montgomery

RR. Identification of type 1 von Willebrand

disease patients with reduced von

Willebrand factor survival by assay of the

VWF propeptide in the European study:

molecular and clinical markers for the

diagnosis and management of type 1 VWD

(MCMDM-1VWD). Blood 2008;111:

4979–85.

21. Haberichter SL, Balistreri M, Christopher-

son P, Morateck P, Gavazova S, Bellissimo

DB, Manco-Johnson MJ, Gill JC, Mont-

gomery RR. Assay of the von Willebrand

factor (VWF) propeptide to identify patients

with type 1 von Willebrand disease with

decreased VWF survival. Blood 2006;108:

3344–51.

22. Federici AB, Budde U, Castaman G, Rand

JH, Tiede A. Current diagnostic and thera-

peutic approaches to patients with acquired

von Willebrand syndrome: a 2013 update.

Semin Thromb Hemost 2013;39:191–201.

23. Favaloro EJ, Bonar R, Chapman K, Meiring

M, Funk Adcock D. Differential sensitivity

of von Willebrand factor (VWF) ‘activity’

assays to large and small VWF molecular

weight forms: a cross-laboratory study

comparing ristocetin cofactor, collagen-

binding and mAb-based assays. J Thromb

Haemost 2012;10:1043–54.

24. Favaloro EJ, Bonar R, Marsden K. Lower

limit of assay sensitivity: an under-recogni-

sed and significant problem in vonWillebrand

disease identification and classification. Clin

Lab Science 2008;21:178–83.

25. Cabrera N, Moret A, Caunedo P, Cid AR,

Vila V, Espana F, Aznar JA. Comparison of

a new chemiluminescent immunoassay for

von Willebrand factor activity with the rist-

ocetin cofactor-induced platelet agglutina-

tion method. Haemophilia 2013;19:920–5.

26. Verfaillie CJ, De Witte E, Devreese KM.

Validation of a new panel of automated

chemiluminescence assays for von Wille-

brand factor antigen and activity in the

screening for von Willebrand disease. Int J

Lab Hematol 2013;35:555–65.

27. Stufano F, Lawrie AS, La Marca S, Berbenni

C, Baronciani L, Peyvandi F. A two-centre

comparative evaluation of new automated

assays for von Willebrand factor ristocetin

cofactor activity and antigen. Haemophilia

2014;20:147–53.

28. Mina A, Favaloro EJ, Koutts J. A novel

flow cytometry single tube bead assay for

quantitation of von Willebrand factor anti-

gen and collagen-binding. Thromb Haemost

2012;108:999–1005.

29. Graf L, Moffat KA, Carlino SA, Chan AK,

Iorio A, Giulivi A, Hayward CP. Evaluation

of an automated method for measuring

von Willebrand factor activity in clinical

samples without ristocetin. Int J Lab Hema-

tol 2014. in press

30. Flood VH, Gill JC, Morateck PA, Christoph-

erson PA, Friedman KD, Haberichter SL,

Hoffmann RG, Montgomery RR. Gain-of-

function GPIb ELISA assay for VWF activity

in the Zimmerman Program for the Molec-

ular and Clinical Biology of VWD. Blood

2011;117:e67–74.

31. Flood VH, Friedman KD, Gill JC, Morateck

PA, Wren JS, Scott JP, Montgomery RR.

Limitations of the ristocetin cofactor assay

in measurement of von Willebrand factor

function. J Thromb Haemost 2009;7:

1832–9.

32. Bohm M, Taschner S, Kretzschmar E,

Gerlach R, Favaloro EJ, Scharrer I. Cold stor-

age of citrated whole blood induces drastic

time-dependent losses in factor VIII and von

Willebrand factor: potential for misdiagnosis

of haemophilia and von Willebrand disease.

Blood Coag Fibrinol 2006;17:39–45.

33. Weiss RL. The long and winding regulatory

road for laboratory-developed tests. Am J

Clin Path 2012;138:20–6.

34. Lindahl TL, Fagerberg IH, Larsson A. A

new flow cytometric method for measure-

ment of von Willebrand factor activity.

Scand J Clin Lab Invest 2003;63:217–23.

35. Chen D, Daigh CA, Hendricksen JI, Pruthi

RK, Nichols WL, Heit JA, Owen WG. A

highly-sensitive plasma von Willebrand fac-

tor ristocetin cofactor (VWF:RCo) activity

assay by flow cytometry. J Thromb Hae-

most 2008;6:323–30.

36. Bowyer AE, Shepherd F, Kitchen S, Makris

M. A rapid, automated VWF ristocetin co-

factor activity assay improves reliability in

the diagnosis of Von Willebrand disease.

Thromb Res 2011;127:341–4.

37. Flood VH, Friedman KD, Gill JC, Haberich-

ter SL, Christopherson PA, Branchford BR,

Hoffmann RG, Abshire TC, Dunn AL, Di

Paola JA, Hoots WK, Brown DL, Leissinger

C, Lusher JM, Ragni MV, Shapiro AD,

Montgomery RR. No increase in bleeding

identified in type 1 VWD subjects with

D1472H sequence variation. Blood 2013;

121:3742–4.

38. Flood VH, Gill JC, Morateck PA, Christoph-

erson PA, Friedman KD, Haberichter SL,

Branchford BR, Hoffmann RG, Abshire TC,

Di Paola JA, Hoots WK, Leissinger C,

Lusher JM, Ragni MV, Shapiro AD, Mont-

gomery RR. Common VWF exon 28 poly-

morphisms in African Americans affecting

the VWF activity assay by ristocetin cofac-

tor. Blood 2010;116:280–6.

39. Fuchs B, Budde U, Schulz A, Kessler CM,

Fisseau C, Kannicht C. Flow-based mea-

surements of von Willebrand factor (VWF)

function: binding to collagen and platelet

adhesion under physiological shear rate.

Thromb Res 2010;125:239–45.

40. Lawrie AS, Stufano F, Canciani MT, Mackie

IJ, Machin SJ, Peyvandi F. A comparative

evaluation of a new automated assay for

von Willebrand factor activity. Haemophilia

2013;19:338–42.

41. Ni Y, Nesrallah J, Agnew M, Geske FJ,

Favaloro EJ. Establishment and character-

ization of a new and stable collagen-bind-

ing assay for the assessment of von

Willebrand factor activity. Int J Lab Hema-

tol 2013;35:170–6.

42. Flood VH, Gill JC, Christopherson PA, Bel-

lissimo DB, Friedman KD, Haberichter SL,

Lentz SR, Montgomery RR. Critical von

Willebrand factor A1 domain residues

influence type VI collagen binding. J

Thromb Haemost 2012;10:1417–24.

43. Ott HW, Griesmacher A, Schnapka-Koepf

M, Golderer G, Sieberer A, Spannagl M,

Scheibe B, Perkhofer S, Will K, Budde U.

Analysis of von Willebrand factor multimers

by simultaneous high- and low-resolution

vertical SDS-agarose gel electrophoresis and

Cy5-labeled antibody high-sensitivity fluo-

rescence detection. Am J Clin Path 2010;

133:322–30.

44. Lippok S, Obser T, Muller JP, Stierle VK,

Benoit M, Budde U, Schneppenheim R, Ra-

dler JO. Exponential size distribution of

von Willebrand factor. Biophys J 2013;

105:1208–16.

© 2014 John Wiley & Sons Ltd, Int. Jnl. Lab. Hem. 2014, 36, 334–340

340 C. P. M. HAYWARD, K. A. MOFFAT AND L. GRAF | ADVANCES IN VON WILLEBRAND FACTOR TESTING


