EDITORIAL

Hypertrophic Obstructive Cardiomyopathy,
Acquired von Willebrand Syndrome, and Gastrointestinal Bleeding

In the current issue of Mayo Clinic Proceedings, Black-
shear et al' report on 5 patients who underwent surgical re-
pair of hypertrophic obstructive cardiomyopathy (HOCM).
In all 5 patients, the clinical course was complicated by
spontaneous gastrointestinal (GI), mucosal, or excessive
postoperative bleeding associated with acquired von Wille-
brand syndrome (AvWS); surgical septal myectomy, used
to treat HOCM, produced resolution of the bleeding diath-
esis. Although such case histories tend to be dismissed as
a chance association, the association of HOCM repair and
resolution of von Willebrand syndrome parallels the experi-
ence after cardiac valve replacement in aortic stenosis (AS).?
As such, the report by Blackshear et al provides valuable
validation of existing theories linking blood flow conditions
of high shear stress (ie, increased velocity between adjacent
layers of blood flowing within the vasculature) to AvWS.
The physiology underlying this phenomenon will be briefly
reviewed.

von Willebrand factor (vWF), a large multimeric glyco-
protein, is synthesized in bone marrow megakaryocytes and
vascular endothelial cells. Extensive posttranslational modi-
fication of the primary gene product results in vVWF multim-
ers ranging in size from 500 kD to 10 million kD or larger
(unusually large multimers).> After endothelial secretion,
ADAMTS-13 (a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13) cleaves vVWF at
the Tyr 1605-Met 1606 bond within the A2 domain,* pref-
erentially under blood flow conditions of high intravascular
shear stress, resulting in cleavage of the VWF multimers,
especially the larger or high-molecular-weight multimers
(HMWDMs). Thus, circulating plasma vWF multimers reflect
an equilibrium between secretion of VWF containing large
and unusually large multimers and their cleavage into smaller
derivatives, which, when visualized on agarose electrophoret-
ic gels,>® are categorized as low-molecular-weight multimers
(<6 bands), intermediate-molecular-weight multimers (6-10
bands), and large multimers or HMWMs (>10 bands).”

von Willebrand disease (vVWD), the most common con-
genital autosomal bleeding disorder, is caused by quantita-
tive and qualitative defects of vVWF but may also be acquired
(AvWS).# An increasing number of medical disorders asso-
ciated with AvWS are being recognized’; however, AvWS
pathogenesis has been elucidated in only a few associated
disorders (Table). Investigations into the association be-
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tween AS and GI hemorrhage have shed light on the role
of increased shear stress and loss of vWF HMWMs.? The
observed VWF abnormalities were reversed after aortic
valve replacement surgery and recurred in selected patients
with mismatched prostheses and in patients in whom AS
recurred. Similarly, other cardiovascular disorders associ-
ated with increased intravascular shear stress

could result in AVWS. One such disorder, | See also
HOCM, is associated with vWF abnormali- | page 219
ties similar to those in AS."° However, it re-

mained unknown whether HOCM-associated acquired vWF
abnormalities have clinical consequences (ie, whether they
cause AvWS with a propensity for clinical bleeding). Black-
shear et al clearly identified consequential AvW S-associated
GI hemorrhage in patients with HOCM and showed that
septal myectomy resulted in normalization of the vVWF mul-
timers and subsequent resolution of GI hemorrhage, similar
to the experience with AS.? Collectively, the data confirm the
association between loss of vVWF HMWMs and conditions
of high intravascular shear stress and imply a potential, or
at least a partial, causal relationship between acquired vVWF
abnormalities and GI hemorrhage in this group of patients.

It has been well demonstrated that patients with heredi-
tary VWD and those with AvWS have a propensity to de-
velop GI arteriovenous malformation (AVM)-associated
hemorrhage,'" but the link between abnormalities of VWF
and bleeding GI AVMs has remained elusive. The recent re-
port by Starke et al'? sheds light on the role of endothelial
vWF in angiogenesis. The authors demonstrated that small
interfering RNA—mediated inhibition of vWF expression in
endothelial cells increased in vitro angiogenesis and release
of angiogenic factors. These observations were confirmed in
experiments using endothelial cells from patients with vWD
and in a mouse model of vWD, thus identifying a novel
angiogenesis regulatory function for vWF. Although vWF
multimerization was not studied by Starke et al, it is tempt-
ing to speculate that it plays a role in angiogenesis regulation
and that VWF HMWMs are of particular importance.

This association between AvWS and cardiovascular dis-
orders raises several important questions for the clinician, re-
garding patient selection for testing, and for the performing
laboratory, regarding the extent of laboratory testing that is
warranted. Should all patients with predisposing cardiovas-
cular disorders undergo comprehensive testing for vWD? If
so, what extent of testing is warranted? Should all patients
undergo vWF multimer analysis, which is a labor-intensive
assay with limited clinical availability? And finally, how will
laboratory test results influence patient management?
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TABLE. Diseases Pathophysiologically Associated With AvWS

Pathophysiologic category

Disease or association

Antibodies to vVWF

Lymphoproliferative diseases, monoclonal gammopathies, or

autoimmune diseases such as systemic lupus erythematosus

Shear-induced vWF conformational changes
leading to increased proteolysis of VWF

Ventricular septal defect, aortic valvular stenosis, hypertrophic
obstructive cardiomyopathy, left ventricular assist device, or

primary pulmonary hypertension

Markedly elevated blood platelet count

Essential thrombocythemia, polycythemia vera, myeloid metaplasia

with myelofibrosis, or other myeloproliferative disorders

Removal of vWF from circulation by
aberrant binding to tumor cells

Decreased vVWF synthesis

Drugs associated with AvWS

Wilm tumor and certain lymphoproliferative or plasma cell
proliferative disorders

Hypothyroidism

Ciprofloxacin, valproic acid, hydroxyethyl starch, and griseofulvin

AvWS = acquired von Willebrand syndrome; vWF = von Willebrand factor.
From Am J Hematol,"® with permission from Wiley and Sons, Inc.

Currently suggested initial laboratory work-up for patients
with vWD consists of the following: (1) measurement of
plasma vWF antigen (vWF:Ag); (2) assays of plasma vWF
activity, most commonly the vWF ristocetin cofactor activ-
ity (vWF:RCo) assay; and (3) the plasma coagulation factor
VIII activity assay. Reduced vWF levels and/or abnormal
vWF:RCo/vWF:Ag ratios typically prompt reflexive analy-
sis of vVWF multimers for the purpose of subtyping vWD.!
Limitations of current technologies preclude reliance solely
on the vVWF:RCo/vWF:Ag ratio and levels to evaluate for
vWD and AvWS.!* Indeed, in the Blackshear et al series of
patients, VWF:RCo/vWF:Ag ratios and levels were normal,
raising the question of whether all such patients should un-
dergo vWF multimer analysis.

A reasonable approach to patient selection for laboratory
testing is to pursue initial vVWD laboratory testing on the ba-
sis of published algorithms and recommendations for patients
with symptomatic bleeding or increased risk of bleeding.
However, for selected patients, such as those with cardiovas-
cular disorders causing the increased intravascular shear flow
conditions associated with AvWS pathogenesis, supplemental
vWF multimer analysis should be considered despite normal
VWF levels and ratios.’* When more reliable assays for vWF
activity are readily available,'® vWF multimer analysis can be
mostly confined to patients with low levels of plasma vWF or
abnormal vWF activity to vVWF:Ag ratios.

Regarding the effect on patient management, the diagnosis
of AvWS may explain hemorrhagic symptoms in the group
of patients with predisposing cardiovascular disorders, and
AvWS may be an additional indication for consideration of
surgical correction of the underlying cardiovascular disorder.
Monitoring for reversal of the acquired abnormalities of vVWF
may provide an additional tool to evaluate the efficacy of sur-
gical management. Thus, patients with cardiovascular disor-
ders associated with increased intravascular shear stress have
a propensity for acquired loss of vVWF HMWMs and also
for AvWS, the latter patients often exhibiting GI AVM-as-
sociated hemorrhage that may primarily reflect altered vVWF

influences on angiogenesis. Blackshear et al have reported
yet another etiologic association for AvWS, and additional
associations will likely continue to evolve.
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