L))

Check for
u

Review Article

Page 1 of 15

Rethinking internal quality control and external quality assessment
for laboratory diagnostics of von Willebrand disease
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Abstract: von Willebrand disease (VWD) is recognised as the most common congenital bleeding disorder,
and an acquired form named von Willebrand syndrome (AVWS) may arise in a variety of disease states.
Thus, laboratory testing for VWD and AVWS represents a key diagnostic activity of hematology facilities
performing advanced hemostasis diagnostics. VWD and AVWS arise due to deficiency and/or defect(s) in
the adhesive plasma protein called von Willebrand factor (VWEF). VWF represents a key element of primary
hemostasis, and also contributes to secondary hemostasis. Thus, deficiency and/or defects in VWE, either
congenital or acquired, leads to a bleeding diathesis in affected individuals. A wide variety of laboratory
tests may be performed to investigate, diagnose or exclude VWD/AVWS, including screening assays, more
complex functional assays, and also molecular analysis. Thus, VWD testing now incorporates a variety of
processes, and potential methodologies. Internal quality control (IQC) and external quality assessment
(EQA) is critical to ensure the quality of laboratory testing, but is made difficult in VWD diagnostics by the
nature and variety of the tests available, and the heterogeneity of VWD/AVWS. The current review looks
at laboratory testing for VWD/AVWS from the perspective of IQC and EQA, and considers some novel

approaches to ensure the accuracy and quality of this activity in the future diagnostics landscape.
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Introduction a number of other proteins, including platelet cell surface
receptors [chiefly glycoprotein Ib (GPIb)], as well as sub-
endothelial matrix components (especially collagen), and
also to coagulation factor VIII (FVIII) (1). Binding of
VWEF to platelets (e.g., via GPIb) and to subendothelium

(e.g., to collagen) permits the platelets to arrest at sites of

von Willebrand disease (VWD) is well recognised as the
most common congenital bleeding disorder (1,2). Acquired
forms of VWD named von Willebrand syndrome (AVWS)
may also arise in a variety of disease states (3). Therefore,
laboratory testing for both VWD and AVWS represents
a key diagnostic activity of many hematology facilities

vascular injury, and furthermore facilitates formation of
platelet aggregates that eventually help to form a platelet

performing advanced hemostasis diagnostics (1-4).

VWD and AVWS basically arise due to deficiency
and/or defect(s) in an adhesive plasma protein called von
Willebrand factor (VWEF) (1,3). In turn, VWF represents
a key element of primary hemostasis, and also contributes
to secondary hemostasis (1,5). In summary, VWF binds to
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plug to seal off the site of vascular injury. VWEF binding
to FVIII permits delivery of this coagulation factor to the
site of vascular injury and thus helps facilitate secondary
hemostasis (blood coagulation) (1,5,6). Plasma fibrinogen
also becomes actively involved in this process, binding to
platelets (chiefly via platelet GPII/1IIa, also called integrin
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Table 1 Classification scheme for von Willebrand disease and summary of phenotypic presentation

VWD type Description

Phenotypic presentation

1 Partial quantitative deficiency of VWF

2A Decreased VWF-dependent platelet adhesion and a
selective deficiency of high-molecular-weight (HMW)
VWF multimers

2B Increased affinity of VWF for platelet glycoprotein Ib

2M Decreased VWF-dependent platelet adhesion
without a selective deficiency of high-molecular-
weight (HMW) VWF multimers

2N Markedly decreased binding affinity for factor VIII

3 Virtually complete deficiency of VWF

Low levels of VWF, with VWF functional concordance [i.e., ratio of
functional VWF/VWF:Ag approximates unity (typically >0.6)]

Loss of HMW VWEF. Usually low levels of VWF, with VWF functional
discordance (i.e., ratios of RCo/Ag* and CB/Ag typically <0.6).

Low to normal levels of VWEF, typically with VWF functional discordance
(i.e., ratios of RCo/Ag* and CB/Ag generally <0.6), loss of HMW VWF
and (mild) thrombocytopenia. Atypical cases may not show this pattern

Low to normal levels of VWF, usually with VWF functional discordance
detected by RCo/Ag* (generally <0.6), but CB/Ag ratios may be

low or normal. HMW VWF present, but multimers may show other
abnormalities

Identified by VWF:FVIIIB assay, with low FVIIIB/VWF ratios
Typically defined by VWF levels <2 U/dL and FVIIl <10 U/dL

Classification scheme derived and adapted from Sadler et al., 2006 (8). *, testing by other GPIb binding assays (‘VWF:GPIbR’, ‘VWF:GPIbM’)
will provide results that closely match those of VWF:RCo. CB/Ag, collagen binding to antigen ratio; HMW, high molecular weight; FVIII:C,
factor VIIl coagulant; RCo/Ag, ristocetin cofactor to antigen ratio; RIPA, ristocetin induced platelet agglutination (/aggregation); VWD, von
Willebrand disease; VWF, von Willebrand factor; VWF:CB, von Willebrand factor collagen binding; VWF:Ag, von Willebrand factor antigen;
VWEF:FVIIIB, VWF FVIII binding assay; VWF:RCo, von Willebrand factor ristocetin cofactor.

alIbB3, but also via GPIb), and undergoes conversion to
insoluble fibrin as a result of the coagulation (secondary
hemostasis) process. Thereby, deficiency and/or defects
in VWE, be these either congenital or acquired, leads to a
bleeding diathesis in affected individuals.

Each molecule of VWF carries the same adhesive
functionality (1). However, VWF forms into dimers of
increasing size, and so the largest [high molecular weight
(HMW)] forms possess the greatest overall adhesiveness,
given they carry the largest number of adhesive sites in
overall combination. It may be easier to think of VWF as
a form of ‘sticky string’ that ties platelets to each other and
also to the damaged endothelium. The larger the VWF
‘sticky string’, the more platelets that VWF can immobilise
and conglomerate at the site of injury, and thus the larger
and stronger the platelet plug. Thus, a deficiency of HMW
VWE, even should overall VWF ‘quantity’ be in the normal
range, can still lead to bleeding.

A wide variety of laboratory tests may be performed to
investigate, diagnose or exclude VWD/AVWS;, including
screening assays, more complex functional assays, and
molecular analysis (1,4). VWD testing currently incorporates
a variety of processes, and potential methodologies,
including enzyme linked immunosorbent assay (ELISA),
latex immunoassay (LIA), other agglutination assays,
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chemiluminescence, and even coagulation-based testing (to
measure FVIII). As the same testing procedures are used
for VWD and AVWS, and both congenital and acquired
forms are classified into the same disease ‘types’, subsequent
detail in this review will pertain to both VWD and AVWS,
and this can be simply referred to as VWD diagnostics’ for
plainness of message.

Internal quality control (IQC) and external quality
assessment (EQA) are critical to ensuring the quality of all
laboratory testing, including within VWD diagnostics (7).
However, in VWD diagnostics, both IQC and EQA are
made somewhat difficult by the nature and variety of the
tests available, and the heterogeneity of VWD. To facilitate
accurate diagnosis to assist patient management, VWD
is classified into one of six types (8) (Table I). Type 1 and
3 VWD represent quantitative deficiency (respectively
partial and complete) of VWE, and any VWF present in
type 1 VWD is essentially functionally ‘normal’. Qualitative
defects in VWF are represented by type 2 VWD, of which
there are four types. Type 2A VWD represents a form of
VWD in which there is a deficiency of HMW VWE, either
because of faulty production or increased clearance from
blood circulation. Type 2B VWD describes a form of VWF
that is functionally ‘over-active’, and binds to platelets ‘too
well’, or ‘spontaneously’ without evident trigger of vascular
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damage. This means that VWF and platelets combine
without any injury and are then cleared from circulation.
Notably, as the HMW VWF forms are most adhesive,
these bind best, thereby leading to loss of HMW VWEF
and also platelets, which sometimes manifests in patients as
(mild) thrombocytopenia. Type 2N VWD reflects a form
of VWF that fails to bind FVIII, and thus FVIII becomes
‘unprotected’ and is quickly degraded and removed from
circulation. Thus, the characteristic feature of 2N VWD
is a low level of plasma FVIII relative to VWE, and this
therefore phenotypically mimics a haemophilia A. The final
classification form of qualitative defect is represented within
type 2M VWD, which describes qualitative defects of VWF
not associated with loss of HMW or FVIII binding (i.e.,
qualitative defect(s) not otherwise characterised into 2A, 2B
or 2N VWD).

The current review primarily looks at ‘VWD diagnostics’
(i.e., VWD and AVWS testing) from the perspective of
IQC and EQA. The review considers standard approaches
and also highlights some novel tactics to help ensure
the accuracy and quality of this activity as applied to the
heterogeneous methods used and also because of the

heterogeneity of VWD.

What assays are used for investigating VWD and
what are the problems associated with these
tests?

Simplistically, VWD investigation aims to identify whether
or not VWD/AVWS is present (i.e., diagnosis or exclusion).
VWD testing involves measuring the level and activity
of VWIE, as well as associated activities. For example,
FVIII testing is often performed in VWD diagnostics
because VWF binds to FVIII, and thus the level of VWF
is associated to the level of FVIII (i.e., the lower the VWE,
the lower the FVIII). In addition, loss of FVIII represents
an additional (secondary hemostasis) bleeding risk to
patients that compounds the loss of VWF (representing
chiefly a primary hemostasis bleeding risk). Finally, FVIII
testing is important in terms of identifying 2N VWD or
another bleeding disorder, haemophilia A. Typically, FVIII
is assessed using one-stage clotting assays, and occasionally
using chromogenic assays (9,10).

As another example of ‘associated testing’, performing
platelet counts is also important in VWD diagnostics.
Firstly, reduction in platelet counts represents another
(primary hemostasis) bleeding risk to patients that
compounds the loss of VWEF (and FVIII). Secondly, a (mild)
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thrombocytopenia might point to type 2B VWD, or its
‘cousin’, platelet type VWD (PT-VWD) (11). The platelet
count is typically normal in VWD subtypes other than type
2B and PT-VWD.

Nevertheless, most laboratory activity in VWD diagnostics
is reflected by measuring VWE, both in terms of its ‘level’
[‘quantity’; achieved by assessing VWF antigen; VWEF:Ag
(4,12)] and VWF activity, with this being reflective of many
functions (Table 2). Thus, there are assays that are able to
measure VWEF binding to platelets, especially to GPIb, or
binding to collagen, or binding to FVIIL. Binding of VWF
to (platelet) GPIb is in turn reflected by a variety of assays,
such as ristocetin cofactor [VWE:RCo (13); and other so-
called ‘gain of function’ (GOF) assays (14,15) or GPIb-
binding assays (e.g., VWEF:GPIbM) (7able 2). Binding of
VWE to collagen is assessed using a collagen binding assay
[VWE:CB (16)], and binding of VWEF to FVIII is assessed
using a VWEF:FVIII binding (VWEF:FVIIIB) assay (17).
The multimer distribution of VWF can be assessed by
electrophoretic assays (18,19).

As mentioned earlier, these VWF assays may utilise
a variety of methodologies, including ELISA (e.g.,
VWF:Ag, VWF:GPIbM, VWF:FVIIIB), LIA (e.g.,
VWE:Ag, VWEF:GPIbM, VWE:RCo when performed as
a VWE:GPIbR assay), chemiluminescence (e.g., VWF:Ag,
VWE:CB, VWF:GPIbR), and platelet agglutination
(VWEF:RCo) (4,12-16).

For most tests of hemostasis, before patient samples can
be tested, the testing process needs to be ‘controlled’ by
use of IQC material that can identify whether or not the
tests are working appropriately (7). Essentially, IQC chiefly
assesses assay precision—i.e., assay reproducibility. IQC
also helps to identify issues with sensitivity, for example low
level analyte detection or failures therein. EQA alternatively
represents a different activity, and largely assesses assay
accuracy—i.e., assay ‘truth’.

IQC and EQA for most tests of hemostasis can typically
be achieved using lyophilised or frozen plasma control
material (7). In order for a laboratory to accept test results
for a particular assay, IQC samples must yield test results
that are within an acceptable pre-defined range of expected
values. Typically, IQC is performed using commercially
available (plasma) materials representing several ‘levels’
of the analyte to be controlled, usually meaning a normal
sample to control test results around the normal range
(or reference interval) and also a ‘pathological’ sample, to
control test results above or below the normal range. For
VWEF testing, representing a ‘deficiency’, the ‘pathological’
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Table 2 Current recommended nomenclature for various VWF test parameters

Abbreviation for assay

Description of assay

Comments

VWF:Ag

VWF:CB

VWF:RCo

VWF:GPIbR

VWF:GPIbM

VWF:Ab

VWF:FVIIIB

von Willebrand factor antigen

von Willebrand factor collagen
binding capacity

von Willebrand factor ristocetin
cofactor activity: all assays that
use platelets and ristocetin

All assays that are based on
the ristocetin-induced binding
of von Willebrand factor to a
recombinant wild type GPIb
fragment

All assays that are based on
the spontaneous binding of von
Willebrand factor to a gain-of-
function mutant GPIb fragment

All assays that are based on the
binding of a monoclonal antibody
(MAB) to a von Willebrand factor
A1 domain epitope

von Willebrand factor: factor VIl
binding capacity

All assays that provide a quantitative level of VWF protein, be it by ELISA, LIA
or other methodology

All assays that provide a quantitative level of VWF —collagen binding capacity,
be it by ELISA or other methodology

Historically, the only such assay type available was that based on platelet
agglutination. This has changed with the advent of non-platelet-based
methods

Essentially, a VWF:RCo assay that does not use platelets, and which currently
comprises the IL Werfen VWF:RCo assays, as performed by either CLIA or
LIA technology. These assays are essentially generate test results that are
very similar to those generated using other ‘standard’ VWF:RCo assays that
utilise platelets

Essentially a GPlb binding assay that does not use platelets, and which
currently comprises the Siemens Innovance VWF Ac assay (by LIA), as well as
non-commercialised ELISA based assays. These assays essentially generate
test results that are very similar to those generated using VWF:RCo assays,
but do not use ristocetin in the assay

Essentially a VWF binding assay that utilizes a monoclonal antibody; this
currently comprises the IL Werfen ‘VWF Activity’ assay (LIA), as well as ELISA
based assays. These assays do not use ristocetin

All assays that provide a quantitative level of VWF —factor VIII binding
capacity, irrespective of specific methodology. Generally performed by ELISA

Adapted from reference (4). CLIA, chemiluminescence; ELISA, Enzyme linked immunosorbent assay; LIA, Latex immuno-assay; ISTH,
International Society on Thrombosis and Hemostasis; VWF, von Willebrand factor; SSC, Scientific and Standardisation Committee.

control is one that yields values lower than the reference
interval. In this way, IQC helps to ensure the quality of the

tests that are performed.

Some recommendations around IQC and EQA in

VWD diagnostics

be recommended to be utilised in addition to the mandatory
manufacturer controls (Table 3).

For example, one additional control that can be
recommended is a type 2A VWD-like sample (i.e., reduced
in, or missing, HMW VWEF). This is particularly useful
to help assess the utility of combined procedures used to
identify VWF functional defects (i.e., type 2 VWD). Thus,

To some extent, what specific IQC and EQA is performed
for VWD investigation depends on the type of tests that are
performed. At the very least, most manufacturers making
VWEF assays or assay kits include two levels of controls
for use as IQC, with one representing a ‘normal’ control
(i.e., within reference interval test values), and another
reflective of ‘pathology’ (namely below reference interval
test values). These manufacturer-provided controls should
be included whenever performing laboratory testing
using these manufacturer-provided assays/kits, and IQC
should be run following manufacturer recommendations.
Nevertheless, additional (non-manufacturer) controls can
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in type 2A VWD, representing a loss of HMW VWE, one
would expect to find a reduced VWF:Ag, but also a much
greater reduction in a VWF activity assay such as VWF:CB
or VWE:RCo, and thus leading to low VWEF:CB/Ag and
VWE:RCo/Ag ratios (Table 4). Although each individual
VWEF assay would have their own (e.g., manufacturer
provided) IQC to assess for normal and low values, a type
2A VWD-like control sample helps to control the VWF
assay ‘pairs’ (e.g., VWEF:Ag and VWEF:CB, or VWF:Ag and
VWE:RCo) in terms of identifying functional discordance
via their combination as low assay ratios. Type 2A VWD-
like controls are not normally provided by VWF test

Ann Blood 2019;4:4
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Table 3 Recommendations for internal quality controls (IQC) for von Willebrand factor (VWF) tests

Recommended IQC

Description

Comments

Normal control

Pathological
(‘abnormal’) control

Type 2A-VWD-mimic
sample

Type 3-VWD-mimic
sample

Manufacturer
provided IQC

Non-manufacturer
provided IQC

Normal plasma that contains
normal levels of VWF for all test
parameters

Sample that contains low levels
of VWF for a particular test
parameter. Essentially mimics a
type 1 VWD sample

Sample that is deficient in high
molecular weight VWF

Sample that is totally deficient in
VWF

Typically provided for use within a
particular assay, method, or kit

Not provided by specific
manufacturer for use within their
particular assay, method, or kit.
Can represent material from
another manufacturer/supplier, or
a non-commercial material

Easily obtained commercially. Usually included as part of a commercial
method or kit. Helps control for assay issues at normal levels of VWF

Easily obtained commercially. Usually included as part of a commercial
method or kit. Can be easily created, usually as a dilution (e.g., 1:3) of a
normal plasma sample. Helps control for assay issues at low levels of VWF

Not easily obtained commercially. Not usually included as part of a
commercial method or kit. Cryosupernatant may be available and suffice
for particular assays. Some specialist manufacturers may be able to supply
true type 2A or 2B VWD samples, although this may be expensive. Helps
control assay combinations, in particular to define VWF activity/Ag ratios as
‘discordant’ (i.e., <0.6)

Not easily obtained commercially but is available from some specialist
manufacturers/suppliers. Not usually included as part of a commercial
method or kit. Some specialist manufacturers may be able to supply true
type 3 VWD samples, although this may be expensive. Helps control VWF
assays at their limit of detection (i.e., <5 U/dL), and can also help improve
assays for their low VWF limit detection capacity

Essential. All manufacturer provided IQC should be used as specified

by manufacturer. Helps to specifically control the test for which the IQC
is included. May not facilitate control of other assays. Will not facilitate
assessments of any change to a test or method after a change in lot (i.e.,
only applicable to particular lot of assay, method, or kit, as provided)

Highly recommended. All manufacturer provided IQC represents

limitations —essentially to control a particular assay or method, and typically
only to control assays at normal and ‘low’ levels of VWF. Non-manufacturer
specific IQC may help control other aspects of testing. For example,

totally VWF deficient and HMW VWF deficient samples (as detailed above)
respectively help control the limits of VWF detection and assay pairs (e.g.,
activity/Ag ratios). As a second example, non-manufacturer specific IQC
can help control assay performance at time of batch lot changes

manufacturers. Laboratories may be able to use either
previous 2A VWD patient samples, a pool of previous
patient samples, or even cryosupernatant for such purpose.
Cryosupernatant is often carried by blood-banks and is
sometimes discarded due to ‘expiry’ or accidental non-use
by clinicians’ post blood-bank issue. What-ever type 2A
VWD-like control is used, it is best to have a decent pool
and then to aliquot and freeze in smaller volumes to permit
the use of the same control material across several assays
(e.g., covering 6-12 months of VWF testing, including
during cross over of different assay/kit lots).

Another useful IQC could be a type 3 VWD-like
sample (i.e., plasma absent in VWF). This type of control
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is available commercially from specialist manufacturer/
suppliers and is particularly useful to help assess the
lower level of assay sensitivity (or limit of detection or
quantification) of VWEF on a test by test basis. If this IQC
sample yields values close to 0 U/dL in VWF assays, then
the laboratory is using assays with good low level VWF
sensitivity. If, however, the sample yields values above
5 U/dL, then the assays are showing relatively poor low
VWE level sensitivity, and this will compromise VWD
diagnostics. For example, such assays will have limited
utility in detection/identification/discrimination of types 1,
2 and 3 VWD when the patient’s true VWF level is below
15 U/dL. Such VWF-deficient IQC samples can also be
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used to improve the assay’s VWF sensitivity, for example by
redefining assay calibration low-curves or sample dilutions
to optimise assay performance (20).

Naturally, for specific VWF assays, additional controls
would also be useful. For investigation of 2N VWD, for
example, a type 2N VWD-like plasma is critical. This type
of control may not be available commercially and would
therefore likely need to be derived from a previously well-
defined patient, or a pool of such patients. For performance
of VWF multimers, a variety of controls could be employed,
including normal, type 1 VWD-like, type 3 VWD-like and
type 2A-VWD like, depending on the patient sample types
being identified by the laboratory.

As mentioned, non-manufacturer IQC samples also help
define any issues with changes in lots of reagents or tests or
kits. Thus, although manufacturer IQC helps control assays
on a per assay basis, once a change in lot occurs, this typically
means a change in IQC lots as well—thus, any change in
assay performance between lots cannot be assessed unless a
non-manufacturer IQC is used across the lot change.

Naturally, EQA represents additional challenges to IQC.
The role of EQA is to help address methodical issues that
IQC cannot identify. As mentioned, IQC helps to control
assay precision (or reproducibility) and other factors such
as the previously mention limits of detection. EQA helps to
assess assay accuracy or ‘truth’. An assay may be precise (give
the same value on repeat testing), but unless the results are
accurate the assay utility is compromised. EQA assesses
the performance of a given laboratory against those of
other laboratories using similar or different methodologies,
and thereby identifies when a laboratory or method is
performing well or not.

Given the heterogeneity of VWD, an EQA should
ideally provide EQA material to cover the full range of
VWD defects. Like IQC, most EQA programs would have
no problem providing EQA samples that reflect normal or
type 1 VWD-like samples. Indeed, these could probably
be easily obtained from manufacturers of IQC samples,
with the type 1 VWD-like sample potentially comprising
a dilution of a normal sample. However, what is missing
in most commercially supplied scenarios are type 2 VWD
and type 3 VWD-like samples. Whilst a type 3-like sample
can also be obtained from some specialised manufacturers/
suppliers as a VWF-deficient plasma, type 2 VWD-like
plasma plasmas are more difficult to obtain. As mentioned,
cryosupernatant is sometimes available ex-blood bank
‘discard’. Only one or two specialist manufacturers/
suppliers offer type 2-VWD plasmas, and these are very

© Annals of Blood. All rights reserved.

aob.amegroups.com

Page 7 of 15

expensive and difficult to source, given they require VWD
patient donations. An alternative to commercial supply is to
ask VWD patients directly to donate their blood for EQA
purposes. However, this may be difficult for many EQA
programs due to the volume of material required for a single
EQA despatch, or because of disconnections between the
EQA programs and the patients/clinical/hospital facilities.

Potential solutions to restrictive supply of native
samples for EQA?

Whilst patient samples inevitably make an invaluable
contribution to EQA, and certainly should be sourced when
they represent unique material for education of laboratory
participants, there is also benefit to use of artificially
generated material should this be feasible. This is also
more ethically just and avoids unnecessarily collections of
substantial volumes of blood from patients who otherwise
express a bleeding disorder. Moreover, VWD-like material
produced from normal plasma can be purpose constructed
in the quantity required for EQA, and to the analyte
specifications required for a particular EQA requirement.

As an advisor to the Royal College of Pathologists
of Australasia (RCPA) hematology (hemostasis) quality
assurance program (QAP), the author has in the past
developed a range of VWD-mimic samples that have now
been used in this EQA program, and the results of these
EQA surveys have been reported in several publications
(21-30). Indeed, a range of both type 1 VWD-like and type
2A-VWD like EQA samples have been produced, with
one recent pairing of EQA samples expressing a similar
level of VWEF:Ag (~30 U/dL), but disparate activity based
levels (30). Thus, the type 1-VWD-like plasma had levels
of VWF:RCo, VWF:CB, VWEF:GPIbM and other VWF
activity levels that were similar to VWF:Ag (~30 U/dL), and
thus showed functional concordance consistent with type
1 VWD (i.e., activity/antigen assay ratios >0.6). In contrast,
the type 2A-VWD-like plasma had much lower levels of
VWE:RCo, VWEF:CB, VWF:GPIbM and other VWF
activity levels, and thus showed functional concordance
consistent with type 2A VWD (30) (i.e., activity/antigen
assay ratios <0.6).

Some data from the RCPAQAP reflecting comparative
findings between patient samples and artificially created
samples is shown in Figures 1-3.

Figure 1 shows comparative findings for 3x type 1 VWD
patient samples vs. one artificially created type 1 VWD-like
plasma sample sent in three separate surveys. Several points

Ann Blood 2019;4:4
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Figure 1 Results of external quality assessment (EQA) data for von Willebrand factor testing from Royal College of Pathologists of
Australasia (RCPA) hematology Quality Assurance Program (QAP) ‘wet challenges’ for type 1 von Willebrand disease (VWD), using either
patient samples (A,B,C) or samples artificially created by the author (D,E,F). Data shown as box plot, with the bars representing the 10"-90"
percentiles, and the boxes representing the 25"-75" percentiles. Left y-axis is VWF value in U/dL. VWF tests comprise antigen (VWF:Ag),
ristocetin cofactor (VWEF:RCo), collagen binding (VWEF:CB) and ‘other’” VWF Activity assays (VWEF:Act). The latter (VWF:Act) were only
included in the EQA program in the late 2000%s. “‘VWE:Act’ comprises a variety of assays, predominantly monoclonal based assays (VWEF:Mab)
at the start of inclusion, and then predominantly gain of function GPIb binding assays (e.g., VWF Ac or VWF:GPIbM) towards 2018.
Right y-axis represents VWEF activity/Ag ratios for tests performed. X-axis identifies the VWF test or specific VWF activity/Ag ratio. The
dotted horizontal lines at 0.6 for the ratios represent a typical upper limit of normal that separates VWF functional concordance (ratio
>0.6) vs. functional discordance (ratio <0.6). (A) EQA sample VW1-08 (patient type 1 VWD) despatched to EQA participants in 2003. (B)
EQA sample VW2-02 (patient type 1 VWD) despatched to EQA participants in 2004. (C) EQA sample VW5-05 (patient type 1 VWD)
despatched to EQA participants in 2005. (D) EQA sample VW10-08a (artificially created ‘type 1 VWD?’) despatched to EQA participants in
2010. (E) EQA sample VW11-08a (same artificially created ‘type 1 VWD’ sample as VW10-08a) despatched to EQA participants in 2011.
(F) EQA sample VW12-03b (same artificially created ‘type 1 VWD’ sample as VW10-08a and VW11-08a) despatched to EQA participants
in 2012. As per main text, key findings are: in both true patient samples (A,B,C) and the artificially created samples (C,D,E), VWEF:Ag levels
were similar to one another (~30 U/dL), and also similar to levels of VWF identified by activity assays (i.e., VWEF:RCo, VWE:CB, and
VWEF:Act). Thus, in all cases, VWF activity/Ag ratios were generally ‘normal’ (i.e., above 0.6). Most EQA laboratory participants report
similar values to one another, as reflected by the generally narrow range of values reported, for both true patient samples and artificially
created samples. On occasion, values reported (refer to round dots beyond the 10"-90™ percentiles) are far outside the expected range of
values. This is true for all sample types, and reflects ‘errors’ in testing (i.e., assay failure or technician failure). There are no more instances
of such failures seen with artificial samples than with the true patient samples. That is, in an EQA setting, the artificial samples essentially
behave to all intended purposes like true patient samples. Also, the artificially generated samples are very stable—the three examples in this

figure represent EQA dispatches in 2010, 2011, and 2012, and each survey yielded similar values and outcomes.
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Figure 2 Results of external quality assessment (EQA) data for von Willebrand factor testing from Royal College of Pathologists of
Australasia (RCPA) hematology Quality Assurance Program (QAP) ‘wet challenges’ for type 2A and type 2B von Willebrand disease
(VWD) patient samples (A,B,C) or samples with reduction in high molecular weight (HMW) von Willebrand factor (VWF) as artificially
created by the author (D,E,F). Data shown as box plot, with the bars representing the 10"-90" percentiles, and the boxes representing the
25"-75" percentiles. Left y-axis is VWF value in U/dL. VWF tests comprise antigen (VWF:Ag), ristocetin cofactor (VWF:RCo), collagen
binding (VWEF:CB) and ‘other’ VWF Activity assays (VWF:Act). The latter (VWEFE:Act) were only included in the EQA program in the late
2000%s. “‘VWE:Act’ comprises a variety of assays, predominantly monoclonal based assays (VWEF:Mab) at the start of EQA inclusion, and
then predominantly gain of function GPIb binding assays (e.g., VWF Ac or VWF:GPIbM) towards 2018. Right y-axis represents VWF
activity/Ag ratios for tests performed. X-axis identifies the VWF test or specific VWF activity/Ag ratio. The dotted horizontal lines at 0.6
for the ratios represent a typical upper limit of normal that separates VWF functional concordance (ratio >0.6) vs. functional discordance
(ratio <0.6). (A) EQA sample VW1-03 (patient type 2A VWD) despatched to EQA participants in 2003. (B) EQA sample VW6-08b
(patient type 2B VWD) despatched to EQA participants in 2006. (C) EQA sample VW7-08a (same patient type 2B VWD sample as VW6-
08b) despatched to EQA participants in 2007. (D) EQA sample VW13-08b (artificially created HMW reduced = ‘type 2A VWD’ sample)
despatched to EQA participants in 2013. (E) EQA sample VW16-03b (another artificially created HMW reduced = ‘type 2A VWD’ sample)
despatched to EQA participants in 2016. (F) EQA sample VW18-03b (another artificially created HMW reduced = ‘type 2A VWD’ sample)
despatched to EQA participants in 2018. As per main text, key findings are: in both true patient samples (A,B,C) and the artificially created
samples (D,E,F), VWEF:Ag levels were similar (~30 U/dL), and also similar to levels of VWF:Ag identified in type 1 VWD samples (either
true patient or artificially created; Figure I). However, in type 2 VWD, VWF activity assays (i.e., VWF:RCo, VWEF:CB, and VWF:Act)
yield much lower values due to the deficiency of HMW VWEF in each sample (true patients and artificial samples). Thus, in all cases, VWF
activity/Ag ratios were generally ‘abnormal’ (i.e., below 0.6). As per the case for type 1 VWD (Figure I), most EQA laboratory participants
report similar values to one another in type 2 VWD (Figure 2), as reflected by the generally narrow range of values reported, and this is
again the case for both true patient samples (A,B,C) and artificially created samples (D,E,F). On occasion, values reported are far outside
the expected range of values (refer to round dots outside 10"-90" percentiles), with this being true for all sample types, and again reflective
of ‘errors’ in testing (i.e., assay or technician failure). Again, there are no more instances of such failures seen with artificial samples (D,E,F)
compared to true patient samples (A,B,C), and thus these samples essentially behave to all intended purposes like true patient samples in an
EQA setting.
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Figure 3 Results of external quality assessment (EQA) data for von Willebrand factor testing from Royal College of Pathologists of
Australasia (RCPA) hematology Quality Assurance Program (QAP) ‘wet challenges’ for type 3 von Willebrand disease (VWD) patient
samples (A,B) or artificially created samples totally deficient in von Willebrand factor (VWF) (C,D). Data shown as box plot, with the bars
representing the 10"-90" percentiles, and the boxes representing the 25"-75" percentiles. Left and right y-axes identify VWF value in
U/dL. VWF tests comprise antigen (VWE:Ag), ristocetin cofactor (VWE:RCo), collagen binding (VWE:CB) and ‘other’ VWF Activity
assays (VWE:Act). The latter (VWE:Act) were only included in the EQA program in the late 2000%. “VWEF:Act’ comprises a variety of
assays, predominantly monoclonal based assays (VWEF:Mab) at the start of EQA inclusion, and then predominantly gain of function GPIb
binding assays (e.g., VWF Ac or VWF:GPIbM) towards 2018. VWF activity/Ag ratios are not calculated for VWF deficient samples. X-axis
identifies the VWF test. (A) EQA sample VW1-07 (patient type 3 VWD) despatched to EQA participants in 2003. (B) EQA sample VW9-
03b (patient type 3 VWD) despatched to EQA participants in 2009. (C) EQA sample VW7-08b (artificially created VWEF deficient = ‘type
3 VWD’ sample) despatched to EQA participants in 2007. (D) EQA sample VW10-08b (artificially created VWF deficient = ‘type 3 VWD’
sample) despatched to EQA participants in 2010. As per main text, key findings are: as there is no VWEF in any of these samples, any results
actually reporting values of VWF reflect VWF assay sensitivity limitations around the lower range of detection. Importantly, the same
conclusions can be drawn for both true patient samples (A,B) and artificially created samples (C,D). Although there is no VWF in these
samples, most participants report a low level of VWE, reflective of assay ‘noise’, and the reported values are similar for both true patient and
artificial samples. Most EQA laboratory participants report values below 5 U/dL, irrespective of the VWF assay performed, but on occasion,
values reported are above 5 U/dL and sometimes as high as 20-25 U/dL. This is true for all sample types—there are no more instances of
such failures seen with artificial samples (C,D) than in true patient samples (A,B), and thus these samples essentially behave to all intended

purposes like true patient samples in an EQA setting.
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Table 5 A summary of ‘wet challenges’ sent by the RCPAQARP since the start of the VWF EQA module

True normal and VWD patient samples

Artificially created samples

Year of sample

despatch Normal Type 1 Type 2 Type 3 Normal Type 1 Type 2 Type 3 Other
samples VWD VWD VWD VWD mimic VWD mimic VWD mimic

2002 2 2 1 1 2

2003 3 1 1 1 )

2004 3 1

2005 1 1 1 1

2006 1 3

2007 1 2 1

2008 1 1 1 1

2009 1 1 5

2010 1 1 1 1

2011 1 1 5

2012 1 1 1 1

2013 1 2 1

2014 1 2 1

2015 1 1 1 1

2016 1 1 1 1

2017 2 2

2018 1 1 1 1

RCPAQAP, Royal College of Pathologists of Australasia Quality Assurance Program; VWF, von Willebrand factor; EQA, external quality

assessment; VWD, von Willebrand disease.

can be highlighted. In both true patient samples (Figure
14,B,C) and the artificially created samples (Figure 1D,E,F),
VWE:Ag levels were similar to one another (~30 U/dL),
and also similar to levels of VWF identified by activity
assays (i.e., VWEF:RCo, VWF:CB, and others). Thus, in all
cases, VWF activity/Ag ratios were generally ‘normal’ (i.e.,
above 0.6). Most EQA laboratory participants report similar
values to one another, as reflected by the generally narrow
range of values reported, and this is the case with both
true patient samples (Figure 14,B,C) and artificially created
samples (Figure 1D,E,F). On occasion, values reported are
far outside the expected range of values—this is true for all
sample types and reflects ‘errors’ in testing (either due to
assay failure or technician failure). The values that are seen
as dots on Figure 1 essential point to these situations, which
in some cases reflect an assay yielding an incorrect value
(assay problem) or the technician reporting the wrong value
(e.g., transcription error). There are no more instances of
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such failures seen with artificial samples. That is, in an EQA
setting, these samples essentially behave to all intended
purposes like true patient samples. Also, of interest, the
artificially generated samples are very stable—the three
examples in Figure I represent the same EQA sample but
separately dispatched in 2010, 2011, and 2012, and each
survey yielded similar values and outcomes. Many other
type 1 VWD-like artificially created samples have been
produced for, and utilised by, the RCPAQAP, this author
(21-30) (1able 5), with analogous conclusions drawn.

In similar vein, Figure 2 shows comparative findings for
3x type 2 VWD patient samples showing loss of HMW
VWE vs. three different purpose created type 2A VWD-
like plasma samples, with each sample sent out in a separate
EQA survey. Several points can again be highlighted. In
both true patient samples (Figure 2A4,B,C) and the artificially
created samples (Figure 2D,E,F), VWEF:Ag levels were
similar (~30 U/dL), and also similar to levels of VWF:Ag

Ann Blood 2019;4:4
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identified in type 1 VWD samples (either true patient or
artificially created; Figure 1). However, in type 2 VWD
showing loss of HMW VWE, VWF activity assays (i.e.,
VWE:RCo, VWEF:CB, and others) yield much lower values
due to this deficiency of HMW VWE. Thus, in all cases in
Figure 2, VWEF activity/Ag ratios were generally ‘abnormal’
(i.e., below 0.6). As per the case for type 1 VWD (Figure 1),
most EQA laboratory participants report similar values to
one another in type 2 VWD (Figure 2), as reflected by the
generally narrow range of values reported, and this is again
the case for both true patient samples (Figure 24,B,C) and
artificially created samples (Figure 2D,E,F). On occasion,
values reported are far outside the expected range of
values—this is true for all sample types, and again reflects
‘errors’ in testing (i.e., assay or technician failure; reflective
of the dots shown in Figure 2). Again, there are no more
instances of such failures seen with artificial samples (Figure
2D,E,F) compared to true patient samples (Figure 24,B,C),
and thus these samples essentially behave to all intended
purposes like true patient samples in an EQA setting. Again,
many other type 2A-VWD-like artificially created samples
have been produced for, and utilised by, the RCPAQAP, this
author (21-30) (7able 5), with analogous conclusions drawn.

Finally, Figure 3 shows comparative findings for 2x type
3 VWD patient samples vs. 2x artificial type 3 VWD-
like samples, with each sent out in a separate EQA survey.
Several points can again be highlighted. There is no VWF
in these samples, and any test results reporting values of
VWE reflect VWF assay sensitivity limitations around the
lower range of detection (26). The same conclusions can
be drawn for both true patient samples (Figure 34,B) and
artificially created samples (Figure 3C,D). Although there is
no VWF in these samples, most participants report a low
level of VWE, reflective of assay ‘noise’, and the reported
values are similar for both true patient and artificial samples.
Most EQA laboratory participants report values below
5 U/dL, irrespective of the VWEF assay performed, but on
occasion, values reported are above 5 U/dL and sometimes
as high as 20-25 U/dL. This is true for all sample types—
there are no more instances of such failures seen with
artificial samples (Figure 3C,D) than in true patient samples
(Figure 3A4,B), and thus these samples essentially behave to
all intended purposes like true patient samples in an EQA
setting. Again, many other artificial type 3-VWD-like
samples have been utilised by the RCPAQAP (21-30) (1able
5), with analogous conclusions drawn.

A summary of the survey samples sent by the RCPAQAP
to EQA participants over the past 17 years is provided in

© Annals of Blood. All rights reserved.
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Table 5. Although several interesting patient samples have
been specifically utilised, artificially created samples have
also been extensively used, and in general yield the same
outcomes in terms of returned participant data, responses
and ‘error rates’ (21-30). Thus, for all intended purposes,
the artificially created samples provide near equivalence
to true VWD samples in an EQA setting and can avoid
the requirement to source VWD patient samples on all
occasions. This is particular important considering the
general disconnection of EQA programs with patients/their
care givers, the scarcity of VWD sample supply, and ethical
concerns of having to collect substantial volumes of blood
from patients suffering from bleeding disorders.

Conclusions

IQC and EQA for VWD testing and diagnosis remains one
of the more challenging aspects of hemostasis practice but
can be achieved with some clever thinking. In terms of EQA
for VWD, the ability to create meaningful ‘wet-challenges’
to sustain ‘proficiency testing’ is made difficult because of
the need to theoretically have access to significant volumes
of plasma from a variety of VWD types. Although some
limited true VWD patient material can be made available, it
is the author’s view that for ethical reasons patient samples
should only be used for high sample volume EQA when
they represent unique educational opportunities, or where
artificial samples cannot be specifically ‘manufactured’ for
this purpose. This would only hold true at the moment for
2M and 2N VWD (31,32). However, for general EQA use,
for types 1, 2A/2B (both reflecting loss of HMW VWF)
and 3 VWD, artificially created plasmas seem to work just
as effectively as true patient samples (21-30) (Figures 1-3).
Moreover, artificially created samples would theoretically
be available in greater volume—important in an EQA
setting—and can be purpose constructed to match particular
specifications [i.e., VWF:Ag of a particular specified level,
with functional assays such as VWE:CB, VWE:RCo, etc., of
the same (=‘type 1’) or of a lower level (=‘type 2’)]. Artificial
samples can also be made to reflect pre-analytical issues
in VWD testing (33,34), for example reflective of filtered
plasma, or cold-stored whole blood. Irrespective, ‘thinking
outside the box’ is sometimes required when initiating IQC
and EQA for VWD testing.

Statement of limitations and disclaimer

The opinions expressed in this review are those of the
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author, and not necessarily those of NSW Health Pathology
or of the RCPAQAP. This manuscript reflects findings from
a single EQA provider, the RCPAQAP, and the opinions
of other EQA organizations may differ. For findings
from some of these other EQA organizations, readers are
directed to additional publications (35-39).
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