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von Willebrand Disease (VWD) is associated with significant morbidity because of

excessive bleeding. Early diagnosis and treatment are important to prevent and treat

these symptoms. We systematically reviewed the accuracy of any von Willebrand factor

(VWF) activity assay in the diagnosis and classification of patients for VWD. We searched

Cochrane Central, MEDLINE, and EMBASE for eligible studies. The risk of bias was

assessed using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS)-2 and

the certainty of evidence using the GRADE framework. We pooled estimates of sensitivity

and specificity. The review included 77 studies that evaluated the use of newer tests of

VWF platelet binding activity (VWF:GPIbR, VWF:GPIbM) and VWF:RCo for the diagnosis

of VWD (13 studies), VWF propeptide to VWF:Ag ratio, and desmopressin trial for the

diagnosis of type 1C VWD (5 studies), VWF multimer analysis and VWF:CB/VWF:Ag ratio

for the classification of type 2 VWD (11 studies), genetic testing and ristocetin-induced

platelet aggregation to diagnose type 2B VWD (14 studies), genetic testing and FVIII:VWF

binding to diagnose type 2N VWD (17 studies). Based on available diagnostic test

accuracy, there appear to be comparable test accuracy results between newer tests of

platelet binding activity of VWF function and VWF:RCo. The findings of these reviews

support VWF multimer analysis or VWF:CB/VWF:Ag to diagnose type 2 VWD. The

desmopressin trial test with 1- and 4-hour postinfusion blood work is the test of choice to

confirm increased VWF clearance in patients with suspected VWD type 1C. Additionally,

genetic testing is most useful in diagnosing type 2B VWD and has a role in the diagnostic

algorithm of suspected type 2N VWD.
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Key Points

� The findings of these
reviews support VWF
multimer analysis or
VWF:CB/VWF:Ag to
diagnose type 2
VWD.

� The reviews confirm
that desmopressin
trial is the test of
choice to confirm
increased VWF
clearance in patients
with suspected VWD
type 1C.
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Background

von Willebrand factor (VWF) is a hemostatic protein that binds
and stabilizes coagulation factor VIII (FVIII) as well as facilitates
platelet adhesion and aggregation at sites of vascular injury.1-4

Qualitative or quantitative abnormalities in VWF lead to von Wille-
brand disease (VWD).5 The reported prevalence of VWD is up to
1% in the general population based on epidemiologic studies,
with the symptomatic prevalence of �0.1% at the level of primary
care.6-9 This prevalence is �15% in women with chronic heavy
menstrual bleeding.10,11

Patients with VWD may experience bruising, epistaxis, and oral cavity
bleeding, as well as heavy menstrual bleeding and bleeding after
dental work, surgical procedures, and childbirth. There is significant
heterogeneity in symptoms among patients with VWD, and an indi-
vidual patient's bleeding phenotype may vary throughout the course
of life, leading to the need for individualized management plans
depending on the type and subtype of VWD.12,13 Three types of
VWD have been defined depending on the type of abnormality in
VWF. Type 1 VWD is the result of a partial quantitative deficiency
in VWF, whereas patients with type 3 VWD have a virtual absence
of VWF. Patients with type 2 VWD have qualitative abnormalities of
VWF (types 2A, 2B, 2M, and 2N): type 2A is characterized by a
reduction in or complete absence of the most hemostatically active
high molecular weight VWF multimers; type 2B is due to a gain of
function in VWF that increases its affinity for platelets; type 2M is
caused by reduced VWF interactions with platelets or collagen; and
type 2N results from reduced binding of VWF to FVIII.4,7,10

The accurate diagnosis and classification of VWD are complex,
requiring a correlation between clinical findings and laboratory
results.14 Recommended initial laboratory tests include measure-
ments of plasma VWF antigen (VWF:Ag), VWF-platelet GP Ib bind-
ing activity (eg, VWF:RCo), and FVIII:C.15,16 Automated methods to
measure VWF activity are becoming more widely available and have
advantages and limitations.17,18 Additionally, shortened VWF sur-
vival has been suggested as a mechanism for the laboratory abnor-
malities and clinical phenotype observed in some patients.
Increased VWF clearance from the plasma was first described in
type Vicenza VWD, and shortened VWF survival has also been
reported in type 1 VWD.19,20 Haberichter et al showed that a
shorter VWF survival could be predicted from the ratio of VWF pro-
peptide (VWFpp) to VWF:Ag concentrations in the plasma.21

In addition to variation in the diagnosis and management of VWD,
there is limited awareness within the VWD community on the best
clinical practice.22 The aim of this systematic review is to determine
the accuracy of commonly available diagnostic tests for VWD,
which can be used to inform a combined strategy for diagnosis. The
results were used to inform evidence-based recommendations on
diagnostic strategies for the recently published clinical practice
guidelines on VWD, developed by a combined effort from the Amer-
ican Society of Hematology (ASH), the International Society on
Thrombosis and Haemostasis (ISTH), the National Hemophilia Foun-
dation (NHF), the World Federation of Hemophilia (WFH), and the
University of Kansas Medical Center.23,24 These guidelines aim to
inform all stakeholders on essential issues where there is variation
or uncertainty in clinical practice and will support decision-making in
the context of the values and preferences of patients.

Methods

Search strategy and data sources

We searched MEDLINE, EMBASE, and the Cochrane Central Regis-
ter of Controlled Trials (CENTRAL) from inception until August 2019.
We also manually searched the reference lists of relevant articles and
existing reviews. We limited the search to studies reporting data for
the accuracy of diagnostic tests. The complete search strategy is
available in supplement 1. The prespecified protocol for this review
is registered with PROSPERO (CRD42020147977). This review is
reported in accordance with Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) for diagnostic test accu-
racy guidelines.25

PICO questions

In this systematic review, we addressed the following 5 Population
Intervention Comparison Outcome questions:

1. In patients suspected of VWD, should we use VWF:RCo (auto-
mated and nonautomated assays) or use newer assays that
reflect the platelet binding activity of VWF function (ie:
VWF:G1bM, VWF:GP1bR)?

2. In patients suspected of type 1 VWD with increased VWF
clearance (eg, type 1C), should we use ratio of VWF propep-
tide to VWF antigen (VWFpp/VWF:Ag) or use desmopressin
trial with 1- and 4-hour bloodwork?

3. In patients suspected of type 2A, 2B, or 2M VWD in need of
additional testing, should we use VWF multimer analysis or use
VWF collagen binding (VWF:CB) to VWF antigen ratio
(VWF:CB/VWF:Ag)?

4. In patients suspected of type 2B VWD, should we use
ristocetin-induced platelet aggregation/agglutination (RIPA) or
use genetic testing (mutation analysis)?

5. In patients suspected of type 2N in need of additional testing,
should we use VWF Factor VIII binding (VWF:FVIII binding) or
use genetic testing (mutation analysis)?

Study selection

Studies. Studies reporting data on diagnostic test accuracy
(cohort studies, cross-sectional studies) for VWD were eligible for
inclusion in this systematic review.

Participants. Patients of any age with VWD presenting to inpa-
tient or outpatient setting with suspected VWD were eligible
for inclusion.

Index tests for diagnosis. All of the following tests were con-
sidered in eligible studies: VWF:RCo, newer tests of platelet-
binding activity of VWF function (VWF:GPIbR, VWF:GPIbM),
VWFpp to VWF:Ag ratio, desmopressin trial, VWF multimer analysis
and VWF collagen binding (VWF:CB) to VWF:Ag ratio, genetic
testing, RIPA, and FVIII:VWF binding. We did not exclude studies
based on the timeframe when the index test was conducted.

Reference standards. If a reference diagnostic test was not
conducted, clinical follow-up for symptoms alone was sufficient as a
reference standard.
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Exclusion criteria. While studies reporting on patients with
VWD as well as other bleeding disorders were eligible for inclusion,
we excluded studies in which .80% of the study sample was rep-
resented by a different bleeding disorder. When possible, we
extracted data separately for patients with VWD from these studies.
We also excluded studies that did not provide sufficient data to
determine test accuracy (sensitivity and specificity), abstracts, and
studies with a sample size of ,10 patients.

Screening and data extraction

Independent reviewers conducted title and abstract screening and
full-text review in duplicate to identify eligible studies. Data extraction
was also conducted independently and in duplicate and verified by

a third author (M.A.K.). Disagreements were resolved by discussion
to reach a consensus in consultation with 2 expert clinician scien-
tists (N.C. and P.J.). Data extracted included general study charac-
teristics (authors, publication year, country, study design), diagnostic
index test and reference standard, the prevalence of VWD, and
parameters to determine test accuracy (ie, sensitivity and specificity
of the index test).

Risk of bias and certainty of evidence

We conducted the risk of bias assessment for diagnostic test accu-
racy studies using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS)-2 revised tool.26 The Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE)
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Full-text articles excluded
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- Incorrect study design/type (n ��150)
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- No diagnostic tests of interest (n ��93)
- Unacceptable reference standard (n ��47)
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Studies included in qualitative synthesis
of VWD diagnosis systematic reviews

(n � 106)
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synthesis of VWD activity assays

meta-analysis
(n � 77)

Figure 1. The study flow diagram for included studies

Study
Boender, 2018 102 20 21 405 0.83 [0.75, 0.89] 0.95 [0.93, 0.97]
Costa Pento, 2014 146 2 0 28 1.00 [0.98, 1.00] 0.93 [0.78, 0.99]
Sagheer, 2016 17 5 1 37 0.94 [0.73, 1.00] 0.88 [0.74, 0.96]
Vangenechten, 2018 43 11 7 76 0.86 [0.73, 0.94] 0.87 [0.79, 0.94]

TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl)

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Figure 2. Forest plots for sensitivity and specificity for individual studies assessing VWF:RCo
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framework was used to assess overall certainty by evaluating the
evidence for each outcome on the following domains: risk of bias,
imprecision, inconsistency, indirectness, and publication bias.27,28

Data synthesis

The accuracy estimates from individual studies were combined
quantitatively (pooled) for each test using OpenMetaAnalyst. We
conducted a bivariate analysis for pooling sensitivity and specificity
for each of the test comparisons to account for variation within and
between studies. Forest plots were created for each comparison.
The Breslow-Day test was used to measure the percentage of total
variation across studies due to heterogeneity (I2); however, the
results did not influence our judgment of the pooled estimates as
the literature has discouraged its use for test accuracy.29

It is important to note that diagnostic strategies for VWD are based
on an assessment of the pretest probability of an individual patient,
which provides an estimate of the expected prevalence of VWD at
a population level. We calculated the absolute differences in effects
for each comparison as true positives, true negatives, false positives,
and false negatives. Here, we present the results for the low, inter-
mediate, and high pretest probability groups.

Results

Description of studies

The initial search retrieved 5693 nonduplicate studies, of which 669
were included for full-text review. Following full-text review, 106
were found to be eligible for data abstraction, and 77 answered the
question addressed in the systematic review and were included. A
list of excluded studies is provided in supplement 2. Reasons for
exclusion at full-text review were ineligible study design, study popu-
lation, diagnostic test, sample size ,10 patients, unacceptable ref-
erence standards, and/or not enough information to determine
diagnostic test accuracy for VWD (Figure 1).

Use of newer tests of platelet binding activity of

VWF function (VWF:GPIbR, VWF:GPIbM) and

VWF:RCo for VWD diagnosis

Of the included studies, 13 reported on the use of VWF:GPIbR,
VWF:GPIbM, and VWF:RCo in VWD.14,30-41 The different tests
used in the 13 studies are reported in supplement 4. The complete
risk of bias assessment for individual studies is included in supple-
ment 3. The range of sensitivities for using VWF:RCo was assessed
across 4 studies with 337 patients and was 0.83 to 1.00. The
range of specificities was assessed across 4 studies with 587
patients and was 0.87 to 0.95 (moderate certainty in the sensitivity
results and low certainty in the specificity results). Figure 2 shows
the forest plot displaying the sensitivity and specificity from individual
studies. Table 1 summarizes the findings for VWF:RCo.

The range of sensitivities for using VWF:GPIbR was assessed
across 4 studies with 404 patients and was 0.80 to 1.00. The
range of specificities was assessed across 4 studies with 575
patients and was 0.81 to 0.97 (moderate certainty in the sensitivity
results and low certainty in the specificity results). Figure 3 shows
the forest plot displaying the sensitivity and specificity from individual
studies.T
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Overall, the test was shown to be highly sensitive and moderately
specific, and the certainty of the evidence was low to moderate.
Table 2 shows the summary of findings.

The range of sensitivities for using VWF:GPIbM was assessed
across 2 studies with 249 patients and was 0.62 to 0.82. The
range of specificities was assessed across 2 studies with 513
patients and was 0.90 to 0.97 (low certainty in the sensitivity and
specificity results). Figure 4 shows the forest plot displaying the
sensitivity and specificity from individual studies.

Overall, the test was shown to be highly sensitive and moderately
specific, and the certainty of the evidence was low to moderate.
Table 3 shows the summary of findings.

Use of VWF propeptide to VWF:Ag ratio and

desmopressin trial for the diagnosis of

type 1C VWD

No test accuracy results were presented in the studies due to lack
of an agreed-on reference standard to define type 1C VWD; des-
mopressin trial was used in some papers to determine the
increased clearance while the VWFpp to VWF:Ag ratio was used in
other papers.

However, an inverse correlation between VWFpp/VWF:Ag and
VWF:Ag half-life was shown in 3 studies. The results indicate that
the steady-state ratio of plasma VWFpp and VWF can be used to
easily identify patients with type 1 VWD with an increased plasma
VWF clearance phenotype. Table 4 shows the summary of findings.

Use of VWF multimer analysis and VWF:CB/Ag ratio

for the classification of type 2 VWD

Of the included studies, 11 reported on the use of VWF multimer
analysis and VWF:CB/VWF:Ag ratio for the classification of type 2
VWD (Table 5). The complete risk of bias assessment for individual
studies is included in supplemental 3.

Test accuracy using VWF multimer analysis and VWF:CB/VWF:Ag
ratio was pooled from 9 cohort studies, including 948 participants.
Studies used platelet function analyzer, RIPA, VWF:Ag, FVIII:C,
VWF:Rco, VWF:GPIbR, VWF:GPIbM, and molecular diagnosis
through DNA sequencing as a reference standard for confirming
VWD. The pooled estimates for sensitivity and specificity for VWF
multimer analysis to diagnose type 2A/B VWD were 0.94 (95%
confidence interval [CI], 0.90-0.99) and 0.97 (95% CI, 0.94-0.99),
respectively. The pooled estimates for sensitivity and specificity for
VWF:CB/VWF:Ag ratio to diagnose type 2A/B VWD were 0.90
(95% CI, 0.78-0.96) and 0.95 (95% CI, 0.89-0.98), respectively
(very low certainty in the sensitivity and specificity results). Figures 5
and 6 show the forest plot displaying the sensitivity and specificity
from individual studies and the pooled estimates.

Use of genetic testing and RIPA to diagnose

type 2B VWD

The studies reported different RIPA concentrations as the diagnos-
tic threshold. Higher RIPA concentration resulted in higher sensitiv-
ity, while lower RIPA concentration led to higher specificity.
Genotype was considered to be the reference standard, and corre-
lation was made with RIPA results, providing the sensitivity of RIPA.
The methods used in selecting patients led to the difference in the
frequency (around 60%, unlike the majority that has 100%). We
present the identified mutations across the studies and the correla-
tion results between the 2 tests in supplemental 4.

Use of genetic testing and FVIII:VWF binding to

diagnose type 2N VWD

There are no test accuracy results due to the lack of an agreed-on
reference standard for type 2N VWD. Supplemental 4 shows
genetic variants identified. In all studies, homozygous type 2N VWD
patients had binding ratios ,0.12, heterozygous carriers had inter-
mediate binding ratios of 0.44 to 0.61, and healthy control subjects
had ratios of 0.73 to 1.42 (supplemental 4).

Discussion

This systematic review presents pooled estimates of test accuracy
for assays used to diagnose and classify patients with VWD. The
certainty of the evidence was very low to moderate.

Based on available diagnostic test accuracy, there appear to be
comparable test accuracy results between newer tests of platelet
binding activity of VWF function (eg, VWF:GPIbR, VWF:GPIbM)
and VWF:RCo. However, there is concern about accuracy in spe-
cific populations (eg, in patients with the D1472H polymorphism
present in 67% of African American patients and 17% of White
patients, who have normal antigen levels, but in whom ristocetin-
based assays underestimate VWF activity due to this polymor-
phism). Borderline levels pose a unique issue given the physiologic
change in VWF across the lifespan; however, the studies included
patients with a wide range of VWF antigens and activity, minimizing
the impact of borderline levels on test accuracy. External quality
assessment studies are a great source of knowledge about the real
utility of individual VWF assays, as VWF:RCo, VWF:GPIbR,
VWF:GPIbM can all lead to false positives and negatives in VWD
diagnosis. Additionally, the newer assays overcome the inaccuracy
of the levels tested with VWF:RCo when the levels are low, which
makes these assays superior to the VWF:RCo assay. To note, data
were reviewed for all published methods for VWF:RCo,
VWF:GPIbM, VWF:GPIbR, and VWF:Ab; however, consistent with
the recommendation of the ISTH and other groups, we focused our

Study
Boender, 2018 154 14 36 402 0.81 [0.75, 0.86] 0.97 [0.94, 0.98]
Costa Pento, 2014 146 1 0 29 1.00 [0.98, 1.00] 0.97 [0.83, 1.00]
Sagheer, 2016 18 8 0 34 1.00 [0.81, 1.00] 0.81 [0.66, 0.91]
Vangenechten, 2018 40 6 10 81 0.80 [0.66, 0.90] 0.93 [0.86, 0.97]

TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl)

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Figure 3. Forest plots for sensitivity and specificity for individual studies for VWF:GPIbR
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deliberations on the first 3 as direct measures of the platelet-binding
activity of VWF.

Regarding type 1C VWD, our impression of a diagnostic test is
affected by the definition of increased clearance. Generally, this is
defined as increased clearance of VWF from the circulation; how-
ever, when genetic variants are identified in cases with that pheno-
type without additional functional characterization, genetic testing
becomes a poor reference standard. No test accuracy results were
presented in the studies due to the lack of an agreed-on reference
standard to define type 1C VWD. Currently, a desmopressin trial is
still useful, even if the VWFpp is known, because the response to
desmopressin cannot be predicted without that trial.

VWF activity/VWF:Ag can be used to differentiate type 1 VWD
from type 2 VWD. As shown by Kalot et al, VWF activity/VWF:Ag
ratio of ,0.7 vs lower cutoff levels in patients with an abnormal ini-
tial VWD screen is more accurate for the diagnosis of type 2
VWD.42 Regarding the use of VWF multimer analysis and
VWF:CB/VWF:Ag ratio for the classification of type 2 VWD, the
well-correlated results in the multimer analysis evaluations in the

different studies are due to the high-quality control standards under
which the test was performed, as all were done in laboratories with
significant experience in these complex assays. Also, very low VWF
antigen levels (,0.15 IU/mL) will lead to unreliable VWF activity
assays and ratios. It is important to note that collagen-binding corre-
sponds to more than 1 assay depending on the collagen type: types
I and/or III are generally used because type IV is not very sensitive
to high molecular weight multimers. Multimer testing allows captur-
ing abnormalities not captured by VWF:CB to allow for further char-
acterization of the disease.

Many genetic variants resulting in type 2B VWD have been identi-
fied. In order to perform the analysis, genotype was selected as the
gold standard; however, there may be some variants still not prop-
erly categorized. It is important to consider patient values when con-
sidering genetic testing, as some individuals may be concerned
regarding the impact of genetic testing on the determination of par-
entage (if family testing is performed), along with normal privacy
issues around genetic testing, and patients may have fears about
what additional testing might be performed without their knowledge.

Study
Boender, 2018 123 12 76 413 0.62 [0.55, 0.69] 0.97 [0.95, 0.99]
Vangenechten, 2018 41 9 9 79 0.82 [0.69, 0.91] 0.90 [0.81, 0.95]

TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% Cl)

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Figure 4. Forest plots for sensitivity and specificity for individual studies for VWF:GPIbM

Studies Estimate (95% C.I.) TP/(TP + FN) 

Estimate (95% C.I.)  TN/(FP + TN) 

Perez-Rodriguez 2018 0.872  (0.809, 0.916)  132/151 
Vangenechten 2018  0.620  (0.480, 0.743)  31/50 
Jousselme 2018  0.438 (0.294, 0.592)    17/39 
Ni 2013 0.959 (0.851, 0.990)  47/49 
Flood 2013  0.830 (0.705, 0.909)  44/53 
Popov 2006  0.833 (0.675, 0.923)  30/36 
Adcock 2006  0.990  (0.854, 0.999)  47/47 
Riddell 2002 0.938 (0.461, 0.996)  7/7 
Federici 2000  0.886 (0.755, 0.952)   39/44 

Overall (I2=8525 %, P<0.001)  0.838  (0.709, 0.917)    394/476 

0.29 0.47 0.65 0.82 1
Sensitivity 

Studies 

Perez-Rodriguez 2018 0.984 (0.789, 0.999) 30/30 
Vangenechten 2018 0.966 (0.898, 0.989)  84/87 
Jousselme 2018 0.977 (0.723, 0.999) 21/21 
Ni 2013 0.865 (0.744, 0.934) 45/52 
Flood 2013 0.993 (0.953, 0.999) 145/146 
Popov 2006 0.824 (0.732, 0.889) 75/91 
Adcock 2006 0.952 (0.928, 0.968) 428/449 
Riddell 2002 0.978 (0.732, 0.999) 22/22 
Federici 2000 0.960 (0.854, 0.990) 48/50 

Overall (I2=7441 %, P<0.001)     0.949 (0.899, 0.975) 898/948 

0.72 0.79 0.86 0.93 1
Specificity

Figure 5. Forest plots for sensitivity and specificity for individual studies and the pooled estimated for VWF:CB/VWF:Ag ratio
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Table 4. Evidence summary for the use of VWF propeptide to VWF:Ag ratio and desmopressin trial for the diagnosis of type 1C VWD

Outcomes Impact

participants

(n, studies)

Certainty of the evidence

(GRADE)

VWFpp/VWF:Ag ratio
correlation with VWF:Ag
half-life

In Sztukowska,50 a pronounced drop in VWF survival in the
type Vicenza VWD patients was reported: mean half-life
significantly shorter than in control groups (1.3 6 0.2 h, vs
15.4 6 2.5 h; P , .0001). A dramatic increase in VWFpp
ratio in the type Vicenza VWD cases was shown: VWFpp
ratio from 7.14 to 17.7, mean 13.02 6 0.49; 103 higher
than in the control group (P , .001).In Haberichter,43 a
substantially increased VWFpp/VWF:Ag ratio was predictive
of a significantly decreased VWF half-life in 7 individuals
who had a .twofold desmopressin response and an initial
VWF:Ag ,30 IU/dL. Three individuals had a decreased
VWF half-life that was not predicted by an increased
VWFpp/VWF:Ag ratio. Individuals who had a substantially
increased VWFpp/VWF:Ag ratio and significantly reduced
VWF:Ag level were also found to have an enhanced
response to desmopressin (.fourfold increase). The
desmopressin response was found to correlate with the
VWFpp/VWF:Ag ratio (r 5 0.92; P , .001)

(2 Observational studies) ⨁���
VERY LOW

Correlation of the VWFpp/
VWF:Ag ratio with the
presence or absence of
a VWF gene mutation

In Haberichter,21 all affected individuals harbored a VWF gene
mutation and showed an increased ratio, whereas no
mutation was detected in unaffected individuals. In
Eikenboom,44 the increased VWFpp/VWF:Ag ratio was
particularly raised (median, 4.3) in patients with slightly
abnormal multimers and mutations. An increased VWFpp/
VWF:Ag ratio was a good predictor of VWD patients with
mutations in the VWF gene: a VWFpp/VWF:Ag .3 had a
positive predictive value for the presence of a VWF mutation
of 98% with a specificity of 99% in the entire cohort of
patients and family members.In Stufano,45 the genetic
analysis of the mutation at codon 1205 in the group (n 5
14) with the markedly increased VWF clearance
distinguished between VWD type 1 Vicenza (characterized
by the presence of the mutation p.R1205H) and AVWS
(absence of this mutation).

(3 Observational studies) ⨁⨁��
LOW

Studies 

Perez-Rodriguez 2018 0.901 
Bowyer 2018 0.906 
Flood 2013 0.962 
Popov 2006 0.986 

Overall (I2=6642 %, P=0.030) 0.944 

Studies 

Perez-Rodriguez 2018 0.984 
Bowyer 2018 0.927 
Flood 2013 0.986 
Popov 2006 0.953 

Sensitivity 

(0.851, 0.950) 
(0.827, 0.984) 
(0.911, 1.000) 
(0.949, 1.000) 

(0.899, 0.988)  

Specificity 

(0.940, 1.000) 
(0.859, 0.996) 
(0.967, 1.000)  
(0.945, 0.960) 

Ev/Trt 

127/141 
48/53 
51/53 
36/36 

262/283 

Ev/Trt 

30/30 
51/55 

144/146 
2715/2850 

Overall (I2=7610 %, P=0.006) 0.967     (0.941, 0.992)    2940/3081 

0.85 0.9 0.95 1
Sensitivity 

0.86 0.92 0.98 1
Specificity

0.90.88 0.960.94

Figure 6. Forest plots for sensitivity and specificity for individual studies and the pooled estimated for multimer analysis
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Patients want to know that any stored genetic information is secure
and anonymized. However, the targeted nature of genetic testing for
type 2B and 2N VWD does help to minimize these concerns.

Patients and clinicians may find it complex to understand the results
and clinical utility of genetic testing. Anxiety may result from the knowl-
edge of a mutation that may or may not be clinically significant, and this
information can impact other generations who may not give appropriate
informed consent during the process of diagnostic genetic testing.

Regarding the diagnosis of type 2N VWD, genetic testing has tradi-
tionally been considered the reference standard; however, functional
characterization may not have been done for all variants, and in
those cases, the phenotype is defined by decreased binding of
VWF to FVIII. Genetic testing will help ensure appropriate counsel-
ing of patients given that type 2N VWD is autosomal recessive. If
only VWF:FVIII binding is performed, the underlying genetic basis
will not be known, and genetic counseling may not be inaccurate.

This review has several strengths. The comprehensive and system-
atic approach for identifying studies makes it unlikely that relevant
studies were missed. Additionally, we did not limit our review by lan-
guage and translated articles that were not published in English.
Finally, we assessed the certainty of evidence in this area and identi-
fied sources of bias.

We note a few limitations in this comprehensive systematic review.
The pooled sensitivity and specificity estimates of the tests from this
review only apply when the test is performed alone; however, they
can be used to model various diagnostic strategies to inform clinical
decision-making. Ultimately, the diagnostic tests will be used in a
strategic approach based on clinical pretest probability and with con-
sideration of the availability, cost, and patient and provider values
and preferences. Additionally, the overall certainty in the estimates of
effect was lowered due to the lack of agreed-on reference standard
and possible risk of bias and due to the wide confidence intervals.

Conclusion

This comprehensive systematic review synthesizes and evaluates
the accuracy of different assays for the diagnosis and classification
of VWD. Estimates of sensitivity and specificity from this review
were used to model diagnostic strategies and inform evidence-
based recommendations for a clinical practice guideline. Along with
sensitivity and specificity estimates, in clinical decision-making, the
prevalence or pretest probability of VWD in a population should
influence how patients are managed.
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