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Abstract

Objectives: A variety of methods are currently used to
measure von Willebrand factor (VWF) activity, but still the
VWEF ristocetin cofactor (VWF:RCo) assay using the manual
aggregometry technique is the reference method, even
having high inter-laboratory variability. The automated
coagulation analyzers offer several advantages for routine
testing. Herein the performance of the automated Sysmex
CS2000/2100i analyzer was compared to the manual aggreg-
ometer Chrono-log 700 for assessing VWF:Co activity in
patients suspected of having von Willebrand disease (VWD).
Methods: Plasma samples from 136 patients were prospec-
tively collected, and blindly analyzed on both instruments,
simultaneously. Linear regression analysis, Bland-Altman
test, intra-class correlation coefficient (ICC), and area under
receiver-operator characteristic (ROC) curve were used to
evaluate the performance of the automated VWF:RCo assay.
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Results: There was a strong positive correlation between
the two assays (r=0.86, p<0.0001) with an excellent reliability
ICC value of 0.81 (95 % CI: 0.74—0.86). A very good degree of
agreement between the two assays was also evidenced with
an estimated bias of —0.055 (—0.58 to 0.46). The ROC curve for
the automated VWF:RCo assay was 0.86 (95 % CI: 0.78-0.92;
p<0.0001). Using a cut-off value of 0.44 Ul/mL for VWF:RCo
activity, the sensitivity and specificity values were 91.2 %,
and 88.2 % for the automated assay. The positive and nega-
tive positive values for VWD detection were 72.9 %, and
96.7 %, respectively.

Conclusions: Collectively, these findings indicate that the
automated VWF:RCo assay yields comparable results to the
manual aggregometry assay, with very good accuracy and
precision to help diagnose patients suspected with VWD.

Keywords: ristocetin co-factor activity; von Willebrand
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Introduction

In current clinical practice, the diagnosis of von Willebrand
disease (VWD) is based on personal and family history of
mucocutaneous bleeding, and supported by specific labora-
tory investigations, which are central in the classification
and management of this secondary hemostasis disorder
[1, 2]. Virtually, all clinical laboratories performed a va-
riety of assays to measure von Willebrand factor (VWF)
activity and its plasmatic protein concentration based on
available resources and geographic locations [3]. The VWF
ristocetin cofactor (VWF:RCo), which is based on the ability
of circulating VWF to aggregate normal platelets in the
presence of ristocetin, an antibiotic no longer clinically used,
is still employed in many laboratories [4]. While being the
reference test, the VWF:RCo aggregometry assay still re-
quires thorough optimization and validation steps, and the
interpretation of the test results are sometimes challenging
for both laboratory specialists and treating physicians [5].
Therefore, new assays have been developed to improve on
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consistent results and diagnosis of VWD either in addition to,
or instead of VWF:RCo test [6].

Regardless of limited comparative trials, a number of
clinical laboratories have shifted focus from the VWF:RCo
test to new assays that can be easily implemented on auto-
mated coagulation analyzers, thereby generating faster
and more reproducible results [6-9]. The fully automated
analyzer, Sysmex CS2000/2100i (Sysmex, Kobe, Japan) was
introduced with improved analytical algorithms, and
equipped with multiple detection techniques ranging from
clotting to platelet aggregometry. This coagulation analyzer
can perform routine and specialized tests on a single plat-
form that greatly simplifies the hemostasis testing in clinical
laboratories processing a large volume of specimens. So far,
several VWF:Co assay protocols have been reported using
automated coagulation instruments yielding reliable mea-
sures even in samples with low circulating levels of VWF
[9-12]. However, more research data is needed to determine
which instrument provides better results than others to help
obtain assay protocol generalizability. As the Sysmex CS2000/
2100i is becoming widely used, it is of importance to verify its
performance status in assessing VWF:Co activity under the
local laboratory environment. Therefore, this study aimed to
assess the agreement between the manual light transmission
aggregometer Chrono-log 700 (Chrono-log Corporation USA)
and the Sysmex CS-2100i automated coagulation analyzer for
VWE:Co activity in patients suspected of having VWD in daily
routine practice.

Materials and methods
Study design and patients

This was a prospective study in which patients suspected of
having VWD were recruited during a routine clinical visit at
the Sultan Qaboos University (SQU) Hospital, Sultanate of
Oman, from January 2022 to December 2023. The main
eligibility criteria included patients of any age, both gender
and having a bleeding phenotype in a favor of VWD. The key
exclusion criteria included presence of data suggesting any
other concomitant bleeding disorders, taking medicines, and
suspicion of any neoplastic or non-neoplastic condition. For
each participant, the socio-demographic characteristics,
clinical and laboratory data and outcomes were collected
using a special case report form. All completed data collec-
tion forms were examined for consistency by two indepen-
dent investigators, and patients were categorized as having
VWD or not. This study was performed according to the
Declaration of Helsinki, and approved by the Institutional
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Research Ethic Committee of the SQU, Sultanate of Oman
(Ref # 1485).

Blood samples

For each enrolled patient, a fresh blood sample was collected
on sodium citrate Vacutainer tube (BD Biosciences, USA),
and submitted to the coagulation laboratory within half an
hour of collection. The tubes were centrifuged at 1,500 g for
15 min at 25 °C and then plasma was separated. The plasma
was re-centrifuged again to produce platelet poor plasma,
and stored at —80 °C until used, as previously reported [13].

Reagents

For both analyzers the same commercial reagents and lots
were used. Ristocetin (7.5 mg/vial, Siemens, Germany) was
reconstituted with 750 pL sterile distilled water to get a final
concentration of 10 mg/mL. Lyophilized human platelets
(Siemens, Germany) was prepared with 6 mL of Tris buff-
ered saline, while von Willebrand reference normal and
deficient plasma samples (Siemens, Germany) were recon-
stituted with 1 and 0.5 mL of sterile distilled water, respec-
tively, as provided by the manufacturer. All reagents were
stored between 2 and 8 °C when reconstituted, and kept at
room temperature for 15-20 min before used. After plasma
thawing, the assays were performed simultaneously within
2h and run blindly on both instruments.

Chrono-log 700 assay

The manual reference method for VWF:Co activity was
performed on the Chrono-log 700 aggregometer. This tech-
nique is based on the absorbance at 450 nm using spectro-
photometry principal. For each set of assays, a three-point
standard curve was prepared using the von Willebrand
reference normal plasma diluted from 1:2 to 1:8. In brief,
diluted plasma samples were added to a standardized
suspension of platelets, and ristocetin, and incubated in a
cuvette at 37°C under agitation. Platelet agglutination was
monitored over 3 min, and the VWF:Co activity was calcu-
lated from the standard curve using the integrated compu-
tation program. Within each assay, calibration and controls
were run, as per the manufacturer recommendation, and a
test result of less than 0.44 IU/mL was considered abnormal
and indicative of VWD.
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Sysmex CS-2100i assay

The automated assay for VWF:Co activity was performed on
the Sysmex2000i analyzer. The preparation of reagents was
similar to the Chrono-log 700 assay, as stated above. The
analysis was automatically conducted using dilutions to
establish the standard curve and analyzed by photo-optical
system at 405nm. The agglutination of platelets in the
presence of ristocetin and VWF results in an increase of light
transmission. The VWF activity was directly proportional to
the rate of platelet aggregation reaction. Similar to the
Chrono-log 700 assay, the test result on the Sysmex2001i
analyzer was expressed as IU/mL.

Other laboratory tests

The complete blood count was measured on the CELL-DYN
Sapphire (Abbott Diagnostics, USA) and coagulation factor
VIII (FVIIL:C) by a chromogenic assay (Precision BioLogic,
USA), as previously reported [14]. The VWF antigen (VWF:Ag)
and VWF functional activity (VWF:Ac) were measured by
immunoassays (Siemens, Germany), while the collagen
binding assay (VWF:CB) was assessed by an enzyme-linked
immunosorbent assay (Diapharma, USA).

Statistical analysis

Analyses were performed using GraphPad Prism, Version 10
(GraphPad Software, Inc., San Diego, California, USA).
Descriptive statistics for VWF:RCo levels were produced for
each method. The paired Student’s t-test and Pearson corre-
lation coefficient were used to evaluate the difference in mean
VWE:RCo activity and to measure the linear regression be-
tween two assays, respectively. The Bland-Altman method was
used to assess agreement between VWEF:RCo measurements.
The reliability of the VWF:RCo measurements was evaluated
by the intra-class correlation coefficient (ICC). Area under
receiver-operator characteristic (ROC) curve, and positive
predictive value (PPV) and negative predictive value (NPV)
were used for evaluating the accuracy of the Sysmex CS-2100i
assay. All tests were two-tailed with an alpha level of 0.05.

Results
Study population characteristics

Over the study period, 136 patients who met the inclusion
criteria were enrolled. The mean age of the study population
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was 18 + 2.9 years with a range of 1-52 years. As expected, the
proportion of females was higher (61 %) than males (39 %).
The most common clinical indications were mild bleeding
(66 %) followed by hemorrhage (17 %) and epistaxis (17 %).
The mean hemoglobin level was 11.8 + 1.8 g/dL (8.2-17.2),
whereas the while blood cell count ranged from 2.4 to
20 x 10%L. In almost all patients (95 %) the platelet count was
in the normal range from 150 to 400 x 10°/L, except in six
patients (5 %), the count ranged from 950 to 1,561 x 10°/L. The
prothrombin time, activated partial thromboplastin time
and thrombin time mean values ranged from 9.2 t0 17.4, 26 to
81, and 12-23 s, respectively. The mean fibrinogen level was
2.9 + 0.8 g/L (1.5-5.4). The most common blood ABO type was
0 with a frequency of 85 %, followed by blood type A (11 %),
and then type B (2 %) and type AB (2 %).

Diagnosis criteria for van Willebrand disease

In our clinical setting, VWD is established on a documented
clinical evidence of bleeding, and an abnormal VWF:RCo
activity result, along with other VWF workup findings
(Table 1). Based on these findings, the patients were cate-
gorized as having VWD (25 %), or normal VWD workup
(75 %). Of note, the VWD group was further categorized as
type 1 (n=21), type 2 (n=12) and type 3 (n=1). Of note, 25 % of
VWD patients were already diagnosed with this condition,
and their VWD laboratory work-up was carried out for
clinical follow-up. The distribution of the subtypes of type 2
VWD included type 2A (n=7) and type 2M (n=5). In this group
of patients the most common clinical presentation was
recurrent unexplained bruising, followed by epistaxis and
then menorrhagia. It is also worth mentioning that in
patients with type 2 VWD, the VWF:RCo activity to VWF
antigen ratio is always less than 0.6 UI/mL and consistent
with the genetic testing.

Table 1: Von Willebrand disease workup in study population.

Parameters Patients with Patients without p-Value
VWD (n=34) VWD (n=102)

Age, years 13.5+23 19.8+1.2 0.02

Gender, n, %

Female 10 (29.5) 74 (72.5) 0.001
Blood type O, n, % 28 (82.4) 88 (86.2) 0.58
FVIIL:C, IU/mL 0.72 + 0.06 1.13 £ 0.04 <0.0001
VWF:Ag, IU/mL 0.57 + 0.04 1.04 + 0.04 <0.0001
VWF:CB, IU/mL 0.41 +0.03 0.88 + 0.03 <0.0001
VWF:Ac, IU/mL 0.52 +0.04 0.97 + 0.02 <0.0001

Data are shown as mean =+ standard deviation. FVIIL:C, factor VIII
procoagulant activity; VWF, von Willebrand factor; VWF:Ag, VWF antigen;
VWEF:CB, VWF collagen binding assay; VWF:Ac, VWF activity.



152 —— Boulassel et al.: Implementation of an automated VWF ristocet

Levels of VWF ristocetin cofactor activity

As shown in Figure 1A, the mean + standard deviation (SD)
and range values of VWF:RCo activity were 0.80 + 0.03 (0.02—
2.24) and 0.75 + 0.03 (0.1-2.42) for the Chrono-log 700 and the
Sysmex CS-2100i instruments, respectively. Of note, no sig-
nificant difference in VWF:RCo activity was evidenced be-
tween the two assays (p=0.91). Linear regression analysis
revealed a very strong correlation between the two assays
(r=0.86, p<0.0001) indicating that the two methods are
yielding closely the same VWF:RCo result (Figure 1B). The
estimated ICC value was 0.81 (95% confidence interval:
0.74-0.86) suggesting an excellent reliability between the
two assays (Table 2). In line with this finding is the good
degree of agreement between the two methods with an
estimated bias of -0.055 ranging from -0.58 to 0.46
(Figure 2). The area under the curve for the Sysmex CS-2100i
VWE:RCo assay was 0.86, which is reasonably very good
(Figure 3). Using a cut-off value of 0.44 UI/mL for VWF:RCo
activity, which works better in our testing platform to
distinguish VWD, the automated assay demonstrated a
sensitivity of 91.2 %, with a specificity of 88.2%. The PPV,
NPV and accuracy values were 72.9 %, 96.7% and 88.9 %,
respectively.

Discussion

There remains some debate regarding the measurement of
VWE:RCo activity using the manual aggregometry technique.
White some studies report that automated VWF:RCo assays
have a great precision and accuracy in the diagnosis and
monitoring of VWD, other have shown that the manual
aggregometry tests still yield reliable results to diagnose all
types of VWD, even if they are associated with high inter-
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Table 2: Reliability analysis of VWF:Co activity between the Chrono-log
700 and the Sysmex CS-2100i analyzers.

Measures Intra-class correlation 95 % confidence p-

coefficient interval Value

Lower Upper
bound bound
Single 0.83 0.74 0.86 <0.0001
Average 0.89 0.85 0.92 <0.0001
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Figure 2: Bland-Altman plot depicting the degree of agreement between
the Chrono-log 700 and the Sysmex CS-2100i analyzers in assessing levels
of VWF ristocetin cofactor activity. The solid line represents zero differ-
ence between the two assays. The dotted lines represent the bias, upper
limits (UL), and lower limits (LL) of agreement between the two assays.

laboratory variability [2, 15]. An accurate and rapid VWF:RCo
assay is essential to categorize VWD subtypes and to monitor
the effects of therapy prior to surgical interventions or post
traumatic events. Taking advantages of automated perfor-
mance testing, the VWF:RCo assay was implemented on the
Sysmex CS-2100i coagulation instrument to allow its broader
routine application.

r=0.86, P<0.0001
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Figure 1: Levels of VWF ristocetin cofactor activity in studied population. (A) Comparison of VWF:Co activity and (B) linear regression analysis between the

two assays.
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Figure 3: Receiving-operator curve (ROC) analysis of VWF ristocetin
cofactor activity for the Sysmex CS-2100i analyzer. AUC, area under the
curve; CI, confidence interval.

The current study found that the automated VWF:RCo
assay yielded similar results to the reference manual
aggregometry method. The comparison of the two methods
demonstrated a very strong positive correlation indicating
that the two techniques are interchangeable. The same
association was also observed with the ICC value, which
determines the reliability of the automated VWF:RCo assay
to yield the same or comparable VWF:RCo activity to the
manual aggregometry method. The ICC is calculated using
variance estimates, which are obtained from the analysis of
VWF:RCo measurement variance, and is measured on a scale
from 0 to 1, where the closer the value is to 1, the higher the
reliability. Excellent reliability is usually determined by an
ICC value of 20.75, which was obtained in the current study
[16]. Additionally, the Bland-Atman limits of agreement,
which assume that differences are constant throughout the
range of VWF:RCo measurements, further indicate that the
automated VWF:RCo assay produced similar VWF:RCo ac-
tivity with a low level of bias in comparison to the manual
aggregometry method. Collectively, the results of this study
confirm and extend those findings showing that the auto-
mated VWF:RCo assay is highly correlated with the refer-
ence manual aggregometry method providing the same
diagnostic ability in all types of VWD [7, 8, 10]. Using the
Sysmex CS-2100i, Bowyer et al., reported a good correlation
between the manual and automated VWF:RCo assays, and a
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very good agreement between the two methods in VWD type
1 patients who received replacement therapy with Desmo-
pressin, a drug used to induce secretion of residual VWF
from endothelial cells [10]. Of note, Bowyer et al., study dif-
fers in many aspects from ours in terms of demographic
characteristics and sample size of the study population,
although both studies were implemented on the automated
Sysmex CS-2100i to assess the VWF:RCo activity [10].

So far, there is no consensus regarding the best cut-off
value for evaluating VWF:RCo activity but is generally
accepted to be between 0.5 and 20 UI/mL [17]. Levels less than
50 UI/mL are considered abnormal, although the degree to
which these levels are reduced on a population level is still
controversial in the diagnosis of VWD. Early studies have
shown that blood O type individuals exhibit almost 25 %
reduction in VWF levels compared to blood type A in-
dividuals [18]. In our laboratory settings, the accepted cut-off
value was 0.44 IU/mL for VWF:RCo activity to indicate for
VWD, regardless of the blood type. It is worth mentioning
that three thirds of current study population has blood type
0. The automated VWF:RCo assay showed good sensitivity
and specificity, along with excellent diagnostic perfor-
mance characterized by higher ROC curve, PPV, NPV,
specificity and accuracy. These findings are in agreement
with those reported by other groups attempting to imple-
ment the VWF:RCo assay on various coagulation in-
struments such as the ACL analyzers [7, 8].

The current study is subjected to some limitations. Given
its study design, very few patients with VWD type 3 were
enrolled in this study. This may generate a bias toward the
selection of participants. However, patients were enrolled
over a period of 12 months, which gave opportunity for
those patients to participate in the study. In fact, patients
with VWD attending the SQUH are coming from all over the
country, with a disease burden equitably similar across all
regions, and thereby the sample used in this study is at least
moderately representative of patients with VWD type 3.
Additionally, although the sensitivity limit of the two
methods was quite similar, the number of samples tested
for low levels of VWF:RCo was relatively small. This may
challenge the validity of the automated method to detect
even very low levels of VWF:RCo.

In conclusion, the findings of the current study provide
evidence that the automated VWF:RCo assay yields compa-
rable results to the manual aggregometry assay, with very
good accuracy and precision to help diagnose patients with
VWD. As a result, embedding the automated VWF:RCo assay
into the laboratory tests should greatly improve the reli-
abhility of routine techniques for detecting VWD.
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