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von Willebrand Factor: A Tool to Predict Severity and Prognosis
in Liver Disease
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Abstract
Von Willebrand factor (vWF) is an adhesive and multimeric glycoprotein that has a
central role in primary hemostasis. v W F levels correlate with thrombosis risk and
inversely with bleeding risk within the apparently healthy population. Recently,
numerous publications in Indian and western literature have focussed to its role
in liver diseases like acute liver failure, chronic liver disease, non cirrhotic portal
hypertension and tropical infections eg. dengue. The present review encapsulates
the recent advances in this aspect.

Introduction

V

on Willebrand factor (vWF) is
an adhesive and multimeric
glycoprotein that found its historical
origin in 1924, when the Finnish
physician Erik von Willebrand 1 first
reported a family with a serious
hereditary bleeding amongst
consanguineous families.

Molecular Structure
VWF gene was cloned in 1985 using
e n d o t h e l i a l c e l l c D N A l i b r a r i e s . 24
The gene is located on the short
arm of chromosome 12 at the locus
12p13.3 7[5] and spans 178 kilobases. The
human VWF gene contains 52 exons and
the exon 28 is the largest, its length is
1.4 kb 8 [6]
Analysis of the amino acid sequence
shows four distinct domains that are
each repeated from two to four times.
There are three A-domains, three
B-domains, two C-domains and four
D-domains. The D′-D3 domains exhibit
a binding site for factor VIII (FVIII),
heparin and P selectin. The A1 domain
is the only known binding site for the
platelet receptor glycoprotein (GP)
Ibα, and contains additional binding
site for heparin, sulphated glycolipids
and the snake venom botrocetin. The
A2 domain contains the cleavage site
for the metalloprotease ADAMTS-13.
The A3 domain is the binding site for
fibrillar collagen type I and III. The
C1 domain which comprises the RGD

sequence is the binding site for the
integrin αIIbβ3.

Functions
vWF has a central role in primary
haemostasis. It mediates platelet
adhesion to the damaged vascular sub
endothelium and thereby promotes
platelet aggregation.
vWF is an adhesive plasma
glycoprotein that enables haemostatic
functions through its binding capability
to FVIII, platelet surface glycoproteins
and to constituents of connective tissue.
It serves as a FVIII stabilizer in the
circulation and the vWF-FVIII complex
protects FVIII from degradation
by activated protein C. Further, it
mobilises FVIII to sites of platelet
plug and clot formation. 7,8 vWF by
blocking the interaction of FVIII with
lipoprotein-related receptors enhances
the half life of FVIII in the circulation.
Plasma vWF exists as multimers
o f va r i o u s s i z e s . U l t r a - l a r g e v W F
multimers can be detected transiently
in normal plasma.9 The latter are
hyperactive in binding the platelet
receptor GPIb-IX-V complex, resulting
in spontaneous platelet aggregation [10]
and therefore need rapid extracation
from plasma of in a healthy individual.11
The regulation of size of plasma
vWF is by specific proteolytic process
referred to as metalloprotease
ADAMTS-13. 12 Severe deficiency of
ADAMTS-13 activity may result in
thrombotic thrombocytopenic purpura

(TTP) and mutation in the A2 domain
enhances the susceptibility of vWF
t o c l e a va g e t h a t m a n i f e s t s a s v o n
Willebrand Disease (VWD) type 2A.
vWF level correlates with greater
r i s k f o r t h r o m b o s i s a n d i n ve r s e l y
with bleeding rates in an apparently
healthy population. 13 These risks vary
continuously and reciprocally across
the normal range of VWF levels, with
no clear cut demarcation or cut off
between a normal and a pathological
risk for these adverse events.

vWF in liver disease
Acute liver failure
Hugenholtz et al 14 assessed levels
and functionality of von Willebrand
factor (VWF) and ADAMTS13 in the
plasma of patients with acute liver
injury and acute liver failure(ALI/
ALF). The levels of vWF antigen were
grossly elevated in these patients. The
proportion of high molecular weight
vWF multimers were reduced, despite
extreme reduction of ADAMTS13
levels. The authors concluded that
extreme elevated levels of VWF in
plasma of patients with ALI/ALF
supported platelet adhesion, despite a
relative loss of function of the molecule.

Cirrhosis and portal hypertension
vWF-Ag in recent times is
considered as a simple and noninvasive
predictor of clinically significant portal
hypertension (CSPH). It correlates well
with liver function and hepatic venous
pressure gradient and independently
predicts clinical outcome 16 VITRO score
(the VWF-Ag/platelet ratio) is a good
tool to diagnose CSPH. 17
A vWF-Ag cut-off value at 315%
stratifies patients with compensated
and decompensated liver cirrhosis.
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Compensated patients had 25%
mortality after 53 months if the vWF-Ag
was <315% compared to 15 months
in patients with vWF-Ag >315% (P
< 0.001). Decompensated patients
had a mortality of 25% after 37 and
7 months if their vWF-Ag was <315%
and >315%, respectively (P = 0.002). In
compensated patients with a vWF-Ag
>315% median time to decompensation
or death was 32 months compared with
59 months in patients with vWF-Ag
<315%. vWF-Ag was also similar to
Model for End-Stage Liver Disease
(MELD) in mortality prediction. Thus,
it can be considered to be a valuable
biomarker for predicting mortality in
cirrhotic patients. 15

as a possible marker for predicting
worsening of patients with severe
dengue infection. 23
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Eapen et al 19,20 reported association
of vWF and ADAMTS13 in
patients withnon cirrhotic portal
hypertension(NCIPH). They reported
deficiency of ADAMTS13 and presence
of ultra large vWF multimers in these
p a t i e n t s a s we l l a s i n t h o s e w i t h
p o r t o p u l m o n a r y h y p e r t e n s i o n . 19,20
The same authors have reported that
ADAMTS13 deficiency in NCIPH in
patients with relatively preserved liver
function was probably responsible for
morphological changes in NCIPH. 21

Conclusion
vWF level correlates with
thrombosis risk and inversely with
bleeding risk within the apparently
healthy population. The impact of
abnormalities of VWF on liver disease
and its outcome has now been well
documented. Research in required
to device procedures and treatments
that would enable physicians to use
this knowledge for the benefit of their
patients.

References

5.

Ginsburg D, Handin RI, Bonthron DT, et al. Human von
Willebrand factor (vWF): Isolation of complementary DNA
(cDNA) clones and chromosomal localisation. Science 1985;
228:1401–6. [PubMed]

In a study on patients with ACLF,
the same centre 22 reported markedly
elevated vWF which correlated with
organ failure and predicted survival in
these patients. The vWF activity and not
vWF antigen correlated with liver disease
severity (MELD score, ACLF grade) and
organ failure (Sequential Organ Failure
Assessment [SOFA] score). The authors
postulated in this publication that vWFreducing treatments such as plasma
exchange may benefit ACLF patients.

6.

Mancuso DJ, Tuley EA, Westfield LA, et al. Structure of the
gene for human von Willebrand factor. J Biol Chem 1989;
264:19514–27. [PubMed].

7.

Wise RJ, Dorner AJ, Krane M, et al. The role of von Willebrand
factor multimers and pro-peptide cleavage in binding and
stabilization of factor VIII. J Biol Chem 1991; 266:21948–
55. [PubMed].

More recently, Eapen et al have
proposed ADAMTS13 deficiency

10. . Federici AB, Bader R, Pagani S, et al. Binding of von
Willebrand factor to glycoproteins Ib and IIb/IIIa complex:
affinity is related to multimeric size. Br J Haematol 1989;

8.

Koppelman SJ, Van Hoeji M, Vink T, et al. Requirements of
von Willebrand factor to protect factor VIII from inactivation
by activated protein C. Blood 1996; 87:2292–300. [PubMed].

9.

Ruggeri ZM, Mannucci PM, Lombardi R, et al. Zimmerman
TS. Multimeric composition of factor VIII/von Willebrand
factor following administration of DDAVP: implications for
pathophysiology and therapy of von Willebrand’s disease
subtypes. Blood 1982; 59:1272–8. [PubMed].

71

73:93–9. [PubMed].
11. Moake JL, Rudy CK, Troll JH, et al. Unusually large plasma
factor VIII: von Willebrand factor multimers in chronic
relapsing Thrombotic Thrombocytopenic Purpura. N Engl
J Med 1982; 307:1432–5.
12. Levy GG, Nichols WC, Lian EC, et al. Mutations in a
member of the ADAMTS gene family cause thrombotic
thrombocytopenic purpura. Nature 2001; 413:488–
94. [PubMed].
13. Sadler JE. von Willebrand factor: two sides of a coin. J Thromb
Haemost 1995; 3:1702–9.
14. Greg CG. Hugenholtz,Jelle Adelmeijer, Joost CM. Meijers,
Robert J Porte, R Todd Stravitz, Ton Lisman. An unbalance
between von Willebrand factor and ADAMTS13 in acute liver
failure: Implications for hemostasis and clinical outcome.
Hepatology 2013; 58:752–761.
15. Ferlitsch M, Reiberger T, Hoke M, Salzl P, Schwengerer
B, Ulbrich G, Payer BA, Trauner M, Peck-Radosavljevic
M, Ferlitsch A. von Willebrand factor as new noninvasive
predictor of portal hypertension, decompensation and
mortality in patients with liver cirrhosis. Hepatology 2012;
56:1439-47. doi: 10.1002/hep.25806. Epub 2012 Aug 27.
16. La Mura V, Reverter JC, Flores-Arroyo A, Raffa S, Reverter
E, Seijo S, Abraldes JG, Bosch J, García-Pagán JC Von
Willebrand factor levels predict clinical outcome in patients
with cirrhosis and portal hypertension. Gut 2011; 60:1133-8.
17. Hametner S, Ferlitsch A, Ferlitsch M, Etschmaier A, Schöfl
R, Ziachehabi A, Maieron A. The VITRO Score (Von Willebrand
Factor Antigen/Thrombocyte Ratio) as a New Marker for
Clinically Significant Portal Hypertension in Comparison
to Other Non-Invasive Parameters of Fibrosis Including
ELF Test. PLoS One 2016; 11:e0149230. doi: 10.1371/journal.
pone.0149230. eCollection 2016.
18. Eapen CE, Nightingale P, Hubscher SG, Lane PJ, Plant
T, Velissaris D, et al. Non-cirrhotic intrahepatic portal
hypertension: associated gut diseases and prognostic
factors. Dig Dis Sci 2011; 56:227-235.
19. Mackie I, Eapen CE, Neil D, Lawrie AS, Chitolie A, Shaw
JC, et al. Idiopathic non-cirrhotic intrahepatic portal
hypertension (NCIPH) is associated with sustained
ADAMTS13 deficiency. Dig Dis Sci 2011; 56:2456-2465.
20. Elias JE, Mackie I, Eapen CE, Chu P, Shaw JC, Elias E. Portopulmonary hypertension exacerbated by platelet
transfusion in a patient with ADAMTS13 deficiency. J
Hepatol 2012 Nov 10. doi:10.1016/j.jhep.2012.11.003.
21. Goel A, Alagammai PL, Nair SC, Mackie I, Ramakrishna
B, Muliyil J, Keshava SN, Eapen CE, Elias E. ADAMTS13
deficiency, despite well-compensated liver functions in
patients with noncirrhotic portal hypertension.Indian J
Gastroenterol 2014; 33:355-63.
22. Prasanna KS, Goel A, Amirtharaj GJ, et al. Plasma von
Willebrand factor levels predict in-hospital survival in
patients with acute-on-chronic liver failure. Indian J
Gastroenterol 2016; 35:432. doi:10.1007/s12664-016-07082.
23. Eapen CE, Elias E, Goel A, John TJ. Hypothesis of mechanism
of thrombocytopenia in severe dengue, providing clues to
better therapy to save lives. Curr Sci 2015; 108:168–9.

