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Introduction

Von Willebrand factor (VWF) is secreted from Wiebel-
Palade bodies in the endothelium in response to 
inflammation or perturbation of the endothelial layer (1). 
VWF acts as a carrier to plasma Factor VIII and a mediator 
of platelet adhesion in regions of high shear stress. At rest, 
platelets and VWF do not interact. Platelet aggregation 

is regulated by interactions with the multimeric structure 
of the VWF molecule, its unravelling due to shear and 
subsequent cleavage. 

VWF can be a complicated measurand to measure. 
Measurement of antigenic measures in plasma is the 
focus (2). Assays are validated for clinical and research use 
with antibodies directed to discrete epitopes of VWF in 
non-diseased plasma and patient plasma in verified von 
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Willebrand Disease (VWD) (2). Detection methods range 
from change in absorbance due to a proportional colour 
change (3) to latex agglutination and chemiluminescence (4).  
Measurement of VWF activity is required to subtype 
VWD (5). Measurement focuses on the interaction of the 
VWF-A1 domain with GpIba on the platelet receptor 
GpIb/IX/V complex. In type 2 VWD and acquired VW 
syndrome (aVWS) a discrepancy between the amount 
of VWF and the functional activity may be observed (5). 
In the diagnostic setting, a variety of assays are used, in 
combination, to characterise the relationship. The diversity 
of tests available for characterisation of VWF in the 
research setting varies even more significantly.

ADAMTS13 (a-disintegrin and metalloproteinase with 
a thrombospondin type I motif, member 13), historically, 
referred to as VWF-cleaving protease, moderates the 
molecular distribution of the size of VWF multimers by 
cleavage at Tyr1605-Met1606 in the A2 domain of VWF (6). 
Severe deficiency of ADAMTS13, either due to a congenital 
deficiency or an immune mediated acquired deficiency cause 
a major imbalance between enzyme (ADAMTS13) and 
relatively normal levels of substrate (VWF-A2 domain). The 
effect is a persistence of ultra large (UL) VWF multimers (7). 
These multimers demonstrate hyperactive GpIba binding 
causing a fall in platelet count as a consequence of activation 
and clearance. Clots are formed in the small blood vessels, 
including those serving vital organs, resulting in a syndrome 
first described by Moschkowitz in 1924; thrombotic 
thrombocytopaenic purpura (TTP) (8). What is less clear is 
at what point the balance between ADAMTS13 and VWF 
shifts towards causing an excess of UL molecular weight 
multimers when a mildly reduced ADAMTS13 activity is 
observed in the presence of a markedly raised VWF. 

Quantification of ADAMTS13 activity was historically 
very difficult and poorly standardised due to the need 
for substrate (VWF) unravelling that in the absence of 
shear forces in vitro had to be achieved chemically (9). 
The development and widespread availability of truncated 
peptides containing the VWF-A2 cleavage site brought 
significant improvements in laboratory standardisation. 
One such truncated peptide, VWF-73 ranges from residues 
1596 to 1668 of the VWF-A2 domain and includes the 
Tyr1605-Met1606 cleavage site (10). Using this peptide, 
ADAMTS13 activity can be measured by interpolation 
from an in-run specific calibration curve that historically 
was constructed using a local plasma pool and latterly 
to calibration standards metrologically traceable to 
the WHO 1st international standard for ADAMTS13 

(12/252) (11). As with VWF a range of different methods, 
using truncated substrates, are available. These include 
Enzyme Linked Immunosorbent Assay (ELISA) methods, 
Fluorescent Resonance Energy Transfer (FRET) (9) 
and recently a lateral flow type assay intended for rapid 
quantification (Technoclone, Austria) (12). Within the 
diagnostic laboratory, the ELISA and FRET methods have 
dominated and these themselves have evolved to faster 
throughput manufacturer methods such as the AcuStar 
chemiluminescent immunoassay (CIA) from Werfen 
(Bedford, USA) (13) and Technofluor Assay available on the 
Ceveron platform (Technoclone).

Historically the focus of ADAMTS13 measurement was 
on diagnosis and monitoring of TTP. An imbalance between 
VWF and ADAMTS13 much subtler than that seen in 
TTP has generated significant interest during the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
pandemic. This has added to an already considerable body 
of literature reporting VWF/ADAMTS13 imbalance in 
non-TTP clinical scenarios (see Figure 1). The balance 
is often represented by a ratio but inconsistently. For 
replication of results and translation to clinical practice 
it is clear standardisation is required using the same tools 
required of the ADAMTS13 and VWF assays individually. 

Measurement uncertainty (MU) is “a non-negative 
parameter characterising the dispersion of quantity values 
being attributed to a measurand based on the information 
used” (14). Simply put, a measurement is only complete once 
MU is added to the estimated quantity of the measurand. 
This provides a measure of the quality of the result and allows 
complete interpretation and comparison of results, within and 
between patients—a property that should be seen as essential 
in all results generated by a clinical laboratory. Appropriate 
assessment of MU permits measurands to graduate from the 
research setting to clinical laboratory practice. The VWF-
ADAMTS13 ratio is itself required to comply with this.

The aim of this review is to summarise the published literature 
on VWF/ADAMTS13 imbalance in pathophysiological disease. 
In doing so, and by considering the role of MU, we 
consider the challenges associated with interpretation of 
these studies and suggest what is required to standardise the 
derived result to maximise clinical utility.

Methods

Eligibility criteria

Any studies that were reported with the finding of an 
imbalance of VWF and ADAMTS13 as a major finding 
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were included in the analysis. 

Search strategy for identification of studies

In 2022, the author searched Medline, Ovid, PubMed, 
Google Scholar and Science Direct for studies reporting 
measurement of both VWF and ADAMTS13 and reporting 
results as a ratio. All results of any VWF assays were 
included, including VWF:Ag, VWF:RCo, unspecified 
“activity” and Collagen Binding Assay (CBA/VWF:CB). 
ADAMTS13 assays performed by FRET, CBA, ELISA 
and automated methods were all included. Boolean search 
was performed on each database using the search term: 
[(ADAMTS13) AND (von Willebrand factor)) AND 
(imbalance), (ADAMTS13) AND (von Willebrand factor)] 
AND (ratio) and derivatives of those. Studies reported prior 
to the search date of March 2022 with no limit to search 
start date were included. The earliest study reported was 
from 2002. The search was limited to the medical field (not 
including dentistry), studies reporting findings in human 
subjects, and articles available in the English language.

Study selection

All citations identified from the search were downloaded 

into Microsoft Excel (Microsoft Corporation, Redmond, 
WA, USA). The citations were organized and duplicates 
were identified and deleted. Unpublished articles were not 
considered in this review. 

Data extraction

Study characteristics were extracted from each article based 
on the year of publication and clinical scenario reported. 
Findings were summarised as descriptions of overall study 
findings as well as specific reports of VWF-ADAMTS13 
ratio described in each manuscript. The laboratory 
methods used for VWF and ADAMTS13 quantification 
were recorded for comparison. Methodologies used 
in the studies including reported units, traceability to 
higher order calibrations and performance characteristics 
were recorded when available. Data were analysed using 
Microsoft Excel 2016 (Microsoft Corporation, 2016) and 
the statistical programming environment R (R Core Team, 
Austria).

In studies where the VWF-ADAMTS13 ratio was 
not explicitly reported, a summary ratio was determined 
from raw data and/or figures available in the original 
manuscripts. From these results, studies were classified 
into whether they were reporting low, medium or high 

Figure 1 Annual publications reporting imbalanced VWF-ADAMTS13 ratio since 2002, data sourced from PubMed (https://pubmed.
ncbi.nlm.nih.gov/). TTP, thrombotic thrombocytopaenic purpura; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VWF, 
von Willebrand factor; ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type I motif, member 13. 
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imbalances defined by the author as normal or reversed 
(0–1), low (2–5), medium (6–10) and high (>10). Care was 
taken to ensure reported units were correctly identified and 
for those where a classification into the above categories 
was not possible an additional category of “other ratio 
reported” was used. 

VWF-ADAMTS13 imbalance associated with 
presenting condition

The influence of SARS-CoV-2 is noteworthy with regards 
to the number of publications citing VWF-ADAMTS13 
ratios as a significant finding (Figure 1). Historically, 
reporting of VWF-ADAMTS13 ratio imbalance was 
inconsistent across disease presentations and this continued 
during the pandemic. However, it is clear that the absolute 

value of ratios reported across different disease presentation 
differs. Summary findings of all studies are presented in 
https://cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx.

Cardiology

VWF/ADAMTS imbalance is reported across the full 
spectrum of cardiac disease probably not least due to well 
documented endothelial dysfunction and microvasculature 
perturbation (5), with both processes associated with 
ADAMTS13 and VWF levels and function. It is a feature 
of the studies collectively that although VWF-ADAMTS13 
ratios are increased, they are mainly in the range of a 2–5-
fold increase (Figure 2, https://cdn.amegroups.cn/static/
public/jlpm-22-48-1.xlsx). Such increases are largely due to 
a markedly raised VWF and somewhat smaller reduction 
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Figure 2 VWF-ADAMTS13 ratio by system. Distribution of number of papers reporting VWF-ADAMTS13 ratio imbalance by presenting 
clinical condition (classified by the author). Papers were categorised as no change (0–1), 2 to 5, 6 to 10 or 10+. Only studies where ratios, 
or clear results where a ratio can be calculated, are included. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VWF, von 
Willebrand factor; ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type I motif, member 13. 
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in ADAMTS13. Applications of findings range from 
prediction of severity of disease to identifying underlying 
pathophysiological mechanisms. 

In a study of 80 patients with acute myocardial 
infarction, followed up immediately post event for 3–4 days 
and for the following 3 months; the VWF-ADAMTS13 
ratio was increased by 50% (15). Following percutaneous 
coronary intervention post  STEMI there was no 
correlation observed between VWF-ADAMTS13 ratio and 
infarct size, although interestingly VWF activity was higher 
and ADAMTS13 lower (resulting in a ratio around 2)  
in patients for whom an intramyocardial haemorrhage 
was seen (16). Two studies in atrial fibrillation (AF) 
(both performed using established commercial methods 
from American Diagnostica and Technoclone) found 
uncharacteristically high (>10) VWF-ADAMTS13 ratios 
and were performed by the same group (17,18). The hazard 
ratio of major adverse cardiac events was associated with a 
raised VWF-ADAMTS13 ratio and a reduced ADAMTS13 
activity below the reference range (49.8%) had a hazard 
ratio of 1.833 [95% confidence interval (CI): 1.089–3.086; 
P=0.023]. No such association was observed for a raised 
VWF alone, demonstrating the added value in calculating 
the VWF-ADAMTS13 ratio. 

Inflammation 

Inflammation induces high cross talk between different 
regulators including VWF, neutrophil extracellular traps 
(NETs) and ADAMTS-13 (19). VWF increase along 
with an ADAMTS13 reduction are associated with 
NET activation. This is potentially mediated through a 
cocktail of different cytokines, as is often seen generally 
in inflammation but also in SARS-CoV-2, sepsis and 
thrombotic microangiopathy (TMA).

The release of UL VWF are induced by IL-6, IL-8, and 
TNF amongst others (19). In conjunction with the raised 
VWF UL VWF multimer levels. ADAMTS13 cleavage 
of these ULVWF multimers is also downregulated by 
IL-6 causing a double hit, persisting the ULVWF in the 
circulation for longer than usual. Peetermans reported 
VWF-ADAMTS13 ratios as high as 20 in 89 patients with 
staphylococcus aureus bacteraemia and VWF-ADAMTS13 
ratio correlated with neutrophil count, C-reactive 
protein and D-Dimer (20). In critically ill patients 
where transfusions were required, the already activated 
endothelium becomes more activated and a consequent 
increase in VWF-ADAMTS13 ratio is observed of 11.6 

(7.2–18.0) that persists for 24 hours after the transfusion to 
12.8 (8.4–17.2) (21).

SARS-CoV-2

The presence of haematological, and haemostatic, 
laboratory abnormalities in SARS-CoV-2 was evident from 
the early stages of the SARS-CoV-2 pandemic (22). An 
extensive review by Favaloro, Henry and Lippi in 2021 
highlights all studies up to that time that had investigated 
the association of reduced ADAMTS13, raised VWF by 
a number of different VWF assays, including VWF:RCo, 
VWF:GpIbR and VWF:Ab and SARS-CoV-2 (23). VWF 
levels are significantly raised in SARS-CoV-2. These are 
often 4–5-fold what would be considered normal (https://
cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx). Equally, 
ADAMTS13 activity in SARS-CoV-2 patients is mildly 
reduced resulting in significantly imbalanced VWF/
ADAMTS13 ratios (Figure 2). This leads to increased 
ULVWF multimers both tethered to the endothelium 
and also in the circulation leading to microthrombi 
formation (24). Raised VWF levels persist for at least  
6 months post discharge (25).

In studies of SARS-CoV-2, VWF/ADAMTS13 ratio 
was always correlated to either clinical severity of disease 
or as a marker for diagnosis compared to a reference 
or control sample (https://cdn.amegroups.cn/static/
public/jlpm-22-48-1.xlsx). This was applied in different 
ways including based on hospital location of the patient 
(24,26-28) extent of ventilator support required (29,30) 
or association with other clinical markers associated with 
SARS-CoV-2 (26,31,32).

C o m p a r e d  t o  c a r d i o l o g y ,  S A R S - C o V - 2 
h a s  a  m o r e  m a r k e d  i n c r e a s e  i n  V W F -
A D A M T S 1 3  r a t i o  a c r o s s  t h e  s t u d i e s  r e p o r t e d , 
cons i s tent ly  in  the  range  of  6  to  10  (Figure  2 ) .  
The imbalance is driven by significantly increased VWF 
levels. In 75 patients with SARS-CoV-2, with mild to 
critical severity, the VWF-ADAMTS13 ratio was raised in 
the presence of what would be considered a largely normal 
ADAMTS13 activity of 67.8%±22.4% (33). 

SARS-CoV-2 associated mortality correlates with 
VWF-ADAMTS13 ratio. In 53 patients in a single centre 
study a strong correlation was observed between ratio 
and mortality with non-survivors having a higher VWF-
ADAMTS13 ratio of 4.94 (3.13–7.21) compared to 
survivors 3.18 (2.59–4.88) (34). A suggested mechanism for 
reduced ADAMTS13 is consumption without ruling out 

https://cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx
https://cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx
https://cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx
https://cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx
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additional anti-ADAMTS13 proteolytic activity in SARS 
COV-2, under high inflammatory conditions (19). This 
may produce lower molecular weight versions (that are 
less catalytically active) than native ADAMTS13. Extent 
of ventilator support was also associated with degree of 
increase in VWF-ADAMTS13 ratio in a cross sectional 
study of 50 patients where a stepwise association between 
ventilator support requirements was seen (30). In a cross 
sectional study of 543 patients stratified by body mass index 
(BMI) and age, the increase in VWF-ADAMTS13 ratio was 
largest in older patients (>65 years) compared to those with 
a raised BMI (>30 kg/m2) (35).

Importantly, despite the markedly raised VWF-
ADAMTS13 ratios reported throughout the literature, the 
prevalence of TMA is not altered in SARS COV-2. Rather 
it is suggested by Joly et al. that the VWF:ADAMTS13 
ratio is a useful biomarker of endothelitis (increasing VWF 
levels) and consumption and/or inhibition of ADAMST13 
(as seen in other inflammatory conditions) and does not 
account for the increased prevalence of thrombosis seen 
in SARS COV-2 (34). Lämmle et al. (36) in response to 
a study by Pascreau et al. (37) proposed a mechanism 
whereby SARS-CoV-2 virus infiltration of endothelial 
cells caused prolonged, sustained release of VWF from 
endothelium that is summarily cleaved by ADAMTS13 
located within the area, that after a while becomes 
depleted and reflects the mildly reduced ADAMTS13 
activities reported. This is a similar mechanism seen 
following desmopressin treatment (38) and in cases of 
severe sepsis (36) and surgery (39).

In acute kidney injury where acute reperfusion induces 
oxidative stress, human recombinant ADAMTS13 reduced 
this effect (40). Progression to severe SARS COV-2 and 
also severe acute kidney injury were predicted by VWF-
ADAMTS13 ratio. A single unit change in the ratio is 
associated with a 20% decreased risk of AKI (41).

Hepatology and related conditions

Hepatology and inflammatory conditions showed the 
largest ratio increases (Figure 1). Hepatology showed 
signif icant VWF increase but a  more substantial 
ADAMTS13 decrease than that seen in other disorders, 
most likely due to the decreased synthesis of ADAMTS13 
in hepatic stellate cells in liver disease. In 676 patients with 
acute liver failure or acute liver injury the mean VWF:Ag 
levels were 448% [standard deviation (SD) 220.8], whereas 
the ADAMTS13 activity was 21.1% compared to the 

80.9% of controls (42). The VWF-ADAMTS13 ratio was 
reported as high as 102.2±112.6 in severe acute hepatitis, 
compared to 10.6±11.6 in non-severe acute hepatitis (43), 
findings that were also shown in 24 patients with acute 
hepatitis (ratio 102) and liver cirrhosis (ratio 8.6) (44). 
Prolonged ratio increase was seen in 81 patients who 
underwent living donor liver transplantation up to a high 
of 40 over the 28-day period post-surgery (45). In patients 
with acute on chronic liver failure, VWF level and VWF-
ADAMTS13 ratio predicted poor outcome compared to 
those who were discharged (46), as was the case in another 
81 living liver donor patients who presented with a TMA-
like syndrome with a significant difference between 
survivors and non-survivors in the VWF-ADAMTS13 
ratio [10.7 (6.8–23.3) vs. 32.5 (15.6–46.7)] (47). 

Other conditions

Imbalance of VWF:ADAMTS13 has been reported in trauma 
patients (48), acute liver failure (49) malaria (50) and during 
liver transplantation (51), See https://cdn.amegroups.cn/static/
public/jlpm-22-48-1.xlsx. Additionally, the effect of systemic 
inflammation above advanced cirrhotic disease showed the 
ratio of VWF and ADAMTS13 to be predictive of clinical 
outcome (52) and more generally organ failure in association 
with severity of sepsis (53,54). Replenishment either by plasma 
or recombinant human ADAMTS13 (55) has been shown 
to be effective in treatment of trauma patients by reducing 
excessive ULVWF multimers to near normal levels. 

Comparing pregnant women with preeclampsia, 
normotensive and non-pregnant women an increase in 
VWF-ADAMST13 ratio was observed that correlated with 
severity of symptoms experienced. The range increased 
from 2 in normotensive women to 4 in preeclampsia (56).  
VWF-ADAMTS13 balance is altered in diabetic patients 
and is related to estimated glomerular filtration rate 
(eGFR) (<60: 3.20±1.67 vs. >60: 2.34±1.39). Overall, 
diabetic patients have raised ratios of 2.58±1.52, most likely 
reflecting endothelial activation (57). 

Applying the VWF-ADAMTS13 ratio in clinical 
practice

To be useful in routine clinical practice the application 
of a calculated parameter must consider a number of 
factors. These factors all contribute conceptually to the 
determination of the MU of the result. As such it is useful 
to appraise the published literature in the context of MU 

https://cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx
https://cdn.amegroups.cn/static/public/jlpm-22-48-1.xlsx
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contributors to determine how, if at all, the results of 
published studies can inform practical clinical use.

Measurand definition and clinical validation of the assays 
in use

A measurand can equally be the result of a measurement 
process or can itself be an input into a further measurement 
process leading to a new measurand definition (58). In 
the case of the VWF-ADAMTS13 ratio, both VWF 
and ADAMTS13 are measurands—themselves with 
characterisable uncertainty—used as inputs to the calculated 
ratio. Defining the measurand, including types of samples 
used, is an essential first step in characterising MU. Sample 
types were largely from standard sodium citrate, although 
ethylene diamine tetra acetic acid (EDTA) was explicitly 
reported in at least one study for determination of VWF:Ag 
by in house ELISA (59), with a citrate being used for 
ADAMTS13 activity as EDTA cannot be used for that 
purpose (9).

Measurand definition—consistency of methods and 
description

An outline of all methods used—as reported in each study is 
provided in Table 1. 

VWF assays
The majority of reports quote the VWF:Ag as the measure 
of VWF although these are occasionally supplemented with 
additional VWF activity measurements (16,54,60,61). VWF 
multimer analysis is used rarely, and as it is a laborious and 
highly specialised method, the utility in routine clinical 
practice is questionable despite the additional information 
obtained by the relative distribution of VWF multimers. 

The availability of commercial assays, be it in kit or 
automated form has influenced the ease with which a 
more standardised method can be used. Assays for VWF 
quantification were largely commercial with a mixture 
between commonly available antibodies sourced from 
Dako (21,29,39,42,43,49,51,53,62-72) and automated 
methods performed on high throughput automated 
coagulometers, either Siemens (16,57,73-75), STAGO 
(Liatest Assay) (75,76), Sysmex CS2000 (77), Werfen ACL-
TOP (26,30,37,52,78-81), Behring (54) or Werfen AcuStar 
(27,30,32). 

Commercial ELISAs were also available including the 
Asserachrom (Stago) (24,28,34,82-85), Hyphen (46,86), 

Immubind (45,87,88), Technoclone (48,89), American 
Diagnostica (17,18,56), READDS (90,91) and Abcam 
(35,92). In house methods are referenced throughout 
(33,59,93). Clearly comparing results across all of these 
methods, in the absence of a documented traceability chain 
for each should be approached with caution. For those 
using in-house methods, and in indeed for centres using 
commercially available methods, participation in proficiency 
testing schemes or in sample standardisation exercises is not 
reported so cannot be assessed.

There were apparent discipline specific method choices, 
no doubt associated with availability of technology in 
laboratory haematology compared to research groups. 
The majority of work published on SARS-CoV-2 were 
through highly automated coagulometers, the increased 
availability of which may have facilitated the rapid increase 
in publications from 2020 onwards. Often methods were 
reported as in-house (94) and without more detailed 
description assays using the rabbit anti-human polyclonal 
VWF antibody from Dako, could arguably be described 
as the same. These assays form the majority of the assays 
performed in the hepatology speciality for example. Some 
studies stated that the assays were performed elsewhere (95),  
and others reported they were performed by clinical 
laboratory established methods with no further details (96).

None of the assays, including the highly automated 
assays report linearity at the extreme levels being reported 
in each study. Additionally, clinical validations of assays 
use patient and control samples from known VWD or 
normal donors not suspected of having VWD. Patients with 
excessively raised UL-VWF multimers are not assessed 
in these studies. Methods are not validated at the extreme 
values reported throughout the literature and there is no 
accounting for how such high results were obtained—by 
dilution, extrapolation or any other method. 

ADAMTS13 assays
ADAMTS13 methods used were more consistent albeit 
with the same variability of reporting. Commercial 
ELISA methods were amongst the most commonly 
used in particular from Kainos laboratories in Japan and 
Technoclone (Technozym) for both ADAMTS13 activity 
and antigen (17,18,24,33,35,52,57,74-76,89,90,91,97,98). 
Other less commonly used methods were American 
Diagnostica (15,81), Quantikine (37), Grifols DG-EIA (31), 
and Immunbind (56,83,86). Other ELISA methods were 
stated but with somewhat less detail (34,67,69,70,72,85,99). 

Much of the early work was performed using the 
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Table 1 Summary of published material reporting imbalance of VWF-ADAMTS13 ratio

Body system classification Total number of papers Clinical Scenarios investigated for deranged VWF-ADAMTS13 ratio

Cardiology 20 Left atrial modelling in AF

Myocardial infarction

Neonatal congenital heart disease

Percutaneous coronary intervention

Peripheral artery disease

Unstable angina

Hepatology and related clinical 
disorders

19 Acute cholangitis

Acute liver failure

ACLF development and prognosis in liver cirrhosis

Alcoholic hepatitis

Hepatocellular carcinoma

Ischaemia reperfusion injury

Liver transplantation

Non-cirrhotic portal hypertension

Systemic inflammation and advanced cirrhotic disease

COVID-19 15 SARS-CoV-2

Haematology 5 beta thalassaemia

Desmopressin treatment

DVT/VTE

Sickle cell disease

Veno occlusive disease after stem cell transplantation

Immunology 5 Connective tissue diseases and antiphospholipid syndrome

HIV

Inflammation

Inflammatory bowel disease

Sepsis 5 Paediatric, pancreatitis, sepsis severity

Inflammation 4 Complement, sepsis, transfusion

Nephrology 3 Abdominal aortic aneurysm, chronic kidney disease

Neurology 3 Acute ischaemic brain injury, cerebrovascular disease, cerebral infarction

Obstetric 3 Pre-eclampsia, pregnancy and SARS-CoV-2

Trauma 3 Acute kidney injury, trauma and replacement therapy

Respiratory 3 Advanced non-small cell lung cancer, community acquired pneumonia, 
transplantation

Paediatrics 1 Neonatal 

Endocrinology 1 Diabetic nephropathy

Stroke 1 Cerebral artery thrombosis

Publications are grouped according to body system classification, details of specific conditions within each classification are identified. 
VWF, von Willebrand factor; ADAMTS13, a disintegrin and metalloproteinase with thrombospondin type I motif, member 13; AF, atrial 
fibrillation; ACLF, acute on chronic liver failure; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2; DVT, deep vein thrombosis; VTE, venous thromboembolism; HIV, human immunodeficiency virus. 
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FRET method. FRET using VWF73 was the most 
common used (28-30,39,41,42,45,47,48,51,54,62,63,66, 
73,77,79,80,87,88,92,93,95), although studies have used 
others such as the VWF86 substrate (86). Older methods 
such as the collagen binding assay (CBA) based assay (38,46) 
or multimer based assays (71) are not frequently reported 
reflecting the advancements supported by the development 
of the truncated substrates.

In house methods again were used in early studies and 
are still present (21,43,49,54,55,68,100,101), although 
new to market rapid automated methods are beginning to 
present in published studies including the method on the 
AcuStar (Werfen, Bedford, USA) (20,26,27,32).

It is of note that some of the methods stated as in house 
or as general ELISA methods, particularly in the early 
years of VWF-ADAMTS13 investigation have gone on to 
be more standardised and have contributed to commercial 
method development. About twice as many studies 
combined commercial VWF and ADAMTS13 assays than a 
commercial method with an in house method. 

Measurand definition assay selectivity and the sample 
matrix

Assay selectivity determines the ability of any measuring 
system to quantify each measurand independent of other 
biological analytes within the sample. Using assays in the 
presence of severe clinical disease, completely different from 
that seen in assay validation or verification puts selectivity 
claims into doubt. It is entirely likely, and more importantly 
untested, that there are interfering substances influencing 
final results. For example, the steric blockade of PF4 
binding to VWF has important implications physiologically, 
by inhibiting access to the cleavage site on VWF, but also 
analytically, if, as is assumed, the binding of PF4 to VWF-
73 truncated substrate is also affected by the presence of 
PF4. As such, consideration of how to interpret such results 
in unfamiliar clinical situations should be given. However, 
with the magnitude of changes reported in the studies 
reviewed here, such subtle effects may be insignificant to 
the VWF-ADAMTS13 ratio specifically. ADAMTS13 is 
negatively correlated with CRP (37,52) during systemic 
inflammation, and cholesterol in chronic kidney disease (95).  
Reduced kidney function is associated with both low 
ADAMTS13 and VWF-ADAMTS13 ratio (100). 

Inflammatory cytokines, including IL-6 and IL-8, are 
negatively correlated with ADAMTS13 activity (69). IL-6 
degrades ADAMTS13 as well as inhibiting ADAMTS13 

synthesis (102), along with other proinflammatory 
mediators such as TNF-alpha. TSP-1 levels raised 
in inflammation interact with VWF (103,104), and 
in particular the A2 domain that causes in vitro issues 
with ADAMTS13 quantification by binding to the 
VWF73 truncated substrate (105). Additionally, protease 
released from neutrophils have been shown to inactivate 
ADAMTS13 activity (106). Oxidation of methionine 
residues (of which the cleavage site Met1606 of VWF-A2 is 
one) reduces ADAMTS13 cleavage of the VWF73 substrate 
also (105). Oxidation may be caused by reactive oxidation 
species including hydrogen peroxide, hypochlorous acid 
released by human neutrophil peptides (also known as 
alpha defensins) from neutrophil extracellular traps during 
inflammation (105). Extracellular haemoglobin (ECHb) 
binds to circulating VWF multimers via the A2-domain 
and significantly inhibits ADAMTS13 cleavage in patients 
with sickle cell disease (107). The severity of clinical 
disease represented in the publications studied demonstrate 
that some of these commonly occurring variations would 
be expected to impact on final reported results. It was not 
common practice to investigate this, nor acknowledge the 
impact this may have made.

Metrological traceability of the measurement result

Traceability through calibration
Both VWF and ADAMTS13 are calibrated assays, 
requiring construction of a standard curve to interpolate 
results. Only 14% of VWF assays and 11% of ADAMTS13 
activity assays reported had calibration methods explicitly 
quoted (see Table 1). However, the use of commercial 
kits—particularly self-contained ELISA methods often 
utilise kit calibrators, the nature of their calibrators being 
specific to the method, and traceable based on information 
provided in kit inserts so the apparent low numbers do 
not accurately reflect compliance. The same can be said of 
assays performed on highly automated coagulometers that 
provide calibration plasmas traceable to the appropriate 
international standard (30) thereby permitting reporting 
results in the international unit, although this was not 
universally followed even for these assays (37). The majority 
of those studies that did report their source of calibration 
employed a local normal pooled plasma source as a standard 
and reported against this pool as 100% (39,42,49,51,63,97). 
Before the advent of widespread international standards this 
practice was commonplace for haemostasis measurements. 
The 6th international FVIII/VWF standard (07/316, 



Journal of Laboratory and Precision Medicine, 2023Page 10 of 17

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2023;8:5 | https://dx.doi.org/10.21037/jlpm-22-48

NIBSC, Potters Bar, UK) with assigned values (108) was 
quoted in a small number of studies (55) as being used 
for their VWF assay as were earlier versions (93) but this 
was not the norm. Of course, availability of international 
standards has not been widespread for some measurands 
for the period of these studies so this must be considered, 
but implemented in future practice as best practice. As 
previously stated proteolytic cleavage of ADAMTS13 
during inflammatory responses has been reported. This 
produces a different, but still catalytically active form. 
Traceability to the 12/252 international standard as routine 
ADAMTS13 assays are has not been confirmed.

Traceability to reported units
The nature of the reported ratio remains inconsistent with 
combinations of ADAMTS13 activity or antigen used as 
either the denominator or numerator for calculation of 
the ratio. Invariably this changes not only the absolute 
value, and interpretation, of the ratio, but additionally the 
units reported for each measurement. Conversion of one 
ratio to the other requires some elementary mathematical 
manipulation and for this review results where relevant have 
been standardised to the more commonly reported VWF-
ADAMTS13 ratio. Intuitively in the scenarios discussed 
here it makes logical sense to report VWF-ADAMTS13 
ratio in this manner as the change in the ratio is influenced 
by small to medium reductions in ADAMTS13 compared to 
large increases to VWF level and therefore representing the 
ratio as increasing with the VWF being the most significant 
driver is appropriate. However, standardisation of calculated 
parameters acknowledging whether representation should 
be as substrate/enzyme or enzyme/substrate has not been 
satisfactorily determined.

In practice, a ratio would ideally have no unitary 
assignment as the division of the two parameters used for 
the calculation should be normalised to the same unit. 
Inconsistent units can be handled by sensitivity coefficients 
using the law of propagation of uncertainty.

Metrological traceability of the equipment and methods
Clinically significant differences have been documented 
between different types of VWF activity assays (109). 
This leads to, potentially, different diagnosis in up to 
20% of VWD patients. This is in the context of a patient 
population selected for investigation. How those differences 
change when non-validated patient populations, such as 
those with severe inflammation, or SARS COV-2 diagnosis 
is unknown. The type of collagen used will result in 

differential sensitivity for ULVW multimers with type III 
collagen being more sensitive (3).

Imprecision, bias and bias correction
A central contributor to MU estimation in the clinical 
laboratory is long term imprecision. Generally, this is 
derived from the performance of internal quality control 
(IQC), but may in the initial phase use manufacturer 
specifications quoted in instructions for use. The extent to 
which these metrics were available in published studies is 
shown in Table 1. The purpose of IQC is to confirm linearity 
between calibration points to ensure linearity of method 
in points interpolated between calibration dilutions. IQC 
both for these assays, and as a mechanism for determining 
imprecision are not in the regions where patient results are 
being reported. As such an issue arises where imprecision of 
the method—at the levels reported is not assured. 

The impact this has is variable depending on methods 
used. For highly automated assays, including rapid VWF 
and ADAMTS13 assays now in use, IQC is an appropriate 
method of characterising imprecision. However, for 
so called one off experiments such as ELISA methods 
repeatability measures of IQC may be less informative. 
Instead IQC checks alignment of the procedure respective 
to traceable values assigned to calibrators—at levels distinct 
from the levels reported in these studies. This may be 
thought of as a representation of bias from calibration, 
itself to be assessed for significance, corrected if possible 
and the uncertainty of the correction applied. This is not 
routinely considered in the assays shown here, or indeed 
many haemostasis assays where this must apply. Guidance is 
required to determine the best way to incorporate IQC from 
one off methods into uncertainty assessments. The provided 
imprecision expectations from manufacturers can be used as 
a surrogate, with the caveat that often the methods used for 
determining these performance characteristics are unknown 
and therefore imprecision should be represented as a type B 
uncertainty. 

Calculated parameters and propagation of uncertainty

The Law of Propagation of Uncertainty (110) states how 
input measurands pass their uncertainty onto a calculated 
measurand. Propagation of uncertainty is routine when 
no correlation exists between the input measurands of the 
calculated measurement equation. However, if correlation 
exists, it must be accounted for. From the studies reviewed 
here, in the quoted clinical scenarios, VWF:Ag and 
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ADAMTS13 activity and antigen are negatively correlated. 
Although reported in only a few studies, negative 
correlation ranged from −0.302 in patients with unstable or 
exertional angina (82) to −0.4846 in SARS-CoV-2, although 
Peetermans (20) reported a non-significant negative 
correlation of −0.1684. The consequence of not accounting 
for such correlation will be an underestimation of the 
combined uncertainty and a direct impact on interpretation 
of clinical results. 

Performance specifications

Expected performance specifications, whether measures 
of precision or even a reference range, or those that were 
achieved are by no means standard practice for reporting of 
laboratory based methods throughout. This was reflected in 
the studies reviewed here; 12.0% of studies reviewed here 
presented specifications in one form or another, and these 
were almost exclusively in recognition of manufacturer 
quoted specifications. Although not a requirement for 
interpretation of results, when derived quantities are being 
quoted, these are very helpful to the reader. Additionally, 
sensitivity, specificity and associated performance 
characteristics such as positive and negative predictive value 
require an understanding of the impact of MU on clinical 
cut-off points that determine classification. 

Condition specific reference ranges

Throughout all publications presented here there is a 
clear trend of raised VWF and reduced ADAMTS13 
associated with a wide range of clinical conditions. What 
is clear is that these results are abnormal with reference 
to so called normal or disease free subjects. For adequate 
interpretation of the results, and for monitoring over time, 
a representation of what may be expected in “stable” disease 
may be of interpretive benefit. Clearly, the number and 
sample sizes within such studies do not, currently, inform 
expected biological variation in disease states, and this is a 
common shortfall of much of the biological variation data 
for haemostasis parameters. The difficulties with this are 
compounded when combining results of two measurands 
both of which are being used outside their validated clinical 
diagnostic uses. 

Reference change values and the VWF/ADAMTS13 axis

Unsurprisingly a high number of studies report a correlation 

between stage of disease and VWF-ADAMTS13 ratio. The 
impact of this is that if the ratio is to be a useful marker for 
disease progression, an understanding of how results change 
in a given patient, in that clinical scenario, is required 
so that a potential intervention could be considered. 
Traditionally, the reference change value, incorporating 
MU (or often solely analytical imprecision) and biological 
variation incorporates this understanding. There is no 
acknowledgement of MU in any of the studies reported 
here, and therefore, in the absence of biological variation 
data, or standardised performance specifications there is 
no standardised way to demonstrate a significant difference 
between serial results in patients from these published data. 

Conclusions

The wide range of thrombotic manifestations, and often 
normal, or near normal ADAMTS13 activity levels, in 
conjunction with high VWF levels confirm that there are 
many different mediators of VWF function, only some of 
which have been identified. It remains to be seen what the 
other, as yet, unidentified measurands are, and whether they 
themselves interact with ADAMTS13 and VWF to further 
complicate the interactions. However, the association of the 
VWF-ADAMTS13 ratio in non-haematological disorders 
remains useful as evidenced by its widespread adoption 
in the research field. Attempts have even been made to 
correlate the ratio with established clinical scoring systems 
[PRISM score (94) and APACHE II score (69)]. Reporting 
bias may contribute to only 5 studies reported negative 
findings (55,66,74,75,90) for VWF-ADAMTS13 ratio. 

Introduction of rapid, automated methods on readily 
available coagulation platforms such as the AcuStar and 
Ceveron mean that a quick turnaround result is possible. 
This has seen a step change in clinical ordering practices 
(author’s experience). We are seeing a more diverse set of 
patients being investigated for ADAMTS13 deficiency, for 
the purposes of TTP exclusion, rather than the familiar 
positive predictive value we are accustomed to. It remains 
unclear whether the enthusiasm for investigations of the 
VWF-ADAMTS13 axis that has been ignited during the 
SARS-CoV-2 pandemic persists. 

Clearly, the extent to which VWF-ADAMTS13 ratios 
are investigated throughout the literature highlight the 
perceived importance of this physiological axis. The range 
of otherwise unrelated disorders that quote alterations in 
the baseline ratio mean that the interaction of VWF with 
ADAMTS13, and no doubt many other players mean 
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there is a future where the measurement of this axis is 
going to be of substantial clinical importance for diagnosis, 
monitoring and treatment outcomes of patients. The need 
for application of the ratio in clinical outcome studies is 
clear. In order to establish the VWF-ADAMTS13 ratio 
as a meaningful biological derived parameter the time has 
come to apply the same statistical and quality assurance 
based rigour to this derived parameter as is the case for 
individual measurands, including VWF and ADAMTS13 
individually. This includes determining true baseline 
assessments of these parameters and their ratios in real 
patients and also determining whether monitoring over 
time is a practical way to monitor disease progression. For 
this to be successful MU and biological variation need to be 
considered at the forefront of priorities. It is through the 
behaviours and variation in these performance specifications 
that a robust assessment of changes within and between 
patients can be made, across time, between centres and 
across methodologies. Knowledge and appreciation of the 
performance of each of the methods, their applicability 
to each clinical situation and the impact of pre analytical 
variables including sample quality and matrix effects means 
that there is a lot of work to do to standardise interpretation 
of the VWF-ADAMTS13 ratio. However, once those 
steps have been taken, a diverse range of fields within 
medicine see the conceptual benefits of monitoring this new 
biomarker, and in the haemostasis laboratory it is down to 
us to make sure that we provide the best results possible to 
support that. 

Finally, the data presented here are dominated by studies 
that have reviewed the balance between a raised VWF and 
reduced ADAMTS13. Care should also be taken to consider 
the converse relationship whereby a reduced VWF relative 
to normal, perhaps due to raised ADAMTS13 may induce 
an acquired von Willebrand syndrome (VWS) and may 
result in bleeding (111). Additionally, raised ADAMTS13 
levels relative to normal have been reported in venous 
thromboembolism (112), and while this is not a common 
finding, the initial acute elevation in ADAMTS13 reported 
may serve as a compensatory mechanism for managing 
the ULVWF released from endothelium acutely, until 
such a time as the ADAMTS13 becomes consumed and 
levels decrease. Not discussed in this review is the utility of 
functional assays of haemostasis including viscoelastometry 
for use in these patient cohorts. This was not investigated 
in any of the publications reviewed. Taken separately, 
viscoelastic testing does not add additional benefit to those 
assays routinely used for assessment of ADAMTS13 or 

VWF so it is reasonable to expect that no additional benefit 
would be seen with viscoelastic testing although we await 
data to assess this.
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