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Abstract

Very few cases of combined thrombotic and hemophilic disorders have been published in the literature. This examines the
pathophysiology and genetics of the most common bleeding and thrombotic diseases when existing together, vVWF deficiency
and Factor V Leiden, respectively. These patients present with special considerations in treatment that have not been well
documented throughout the literature. After a review of the literature, it is presumed that both Factor V Leiden and vWF Disease
can coexist in a patient. Although acting as antagonists, one case has found that a prothrombotic Factor V Leiden may
compensate for low levels of factor VIII or IX, conferring a survival benefit in hemophiliacs. Existing in this prothrombotic state
may potentially compensate by resulting in more efficient thrombin generation and easing the severing of clinical symptoms. In
turn, by evaluating the pathophysiology and genetics of each disease in a clinical scenario, the paradox of both diseases

existing in the same patient is examined.

THE CLINICAL SCENARIO:

In your practice, a five-year-old boy comes to his well-child
visit accompanied by his parents. He has a history significant
for vWF deficiency, as discovered in his father. In addition,
his mother has Factor 5 Leiden deficiency, but the child did
not receive this deficiency. In your search of the literature,
you find a documented case of coexisting vWD and Factor V
Leiden confirmed to exist in a 30 year old pregnant patient.
Could your patient also have inherited both diseases?

THE CLINICAL QUESTION:

How does basic science level understanding of the disease
process and genetics play a role in this case? Is it possible
for these disease processes to coexist in the same patient?
How would this diagnostics paradox play a role in the
approach to the management of this illness?

THE PATHOPHYSIOLOGY BEHIND THE
DISEASE PROCESSES:

Von Willebrand disease (vWD) is the most common
congenital bleeding disorder and is estimated to be prevalent
in 1% of the general US population. Most cases are acquired
in an autosomal dominant pattern, although some types are

acquired in the autosomal recessive pattern or secondarily to
other medical conditions, such as lymphoproliferative and
autoimmune diseases. The most common type, Type 1, is
classified by mild to moderate deficiency of vWF and factor
VIII. The less common Type 2 is characterized by a
dysfunctional vWF, while Type 3 has a complete absence of
vWF and factor VIII. Deficiency or dysfunction of vWF
leads to dysfunctional platelet adhesion, which inhibits
formation of the platelet plug, which is necessary for
primary hemostatic platelet linking. Decreased vWF also
leads to decreased factor VIII concentration, as they are
normally bound together in circulation. When factor VIII is
unbound, it leads to its increased degradation, thus
decreasing its levels in the blood. Decreased factor VIII
activity impairs secondary hemostasis by being absent from
the coagulation cascade8.

Factor 5 Leiden, also known as Activated protein C (APC)
resistance, is also inherited in an autosomal dominant
fashion. It is prevalent in the heterozygote states in
approximately 5% of the general population. In the normal
physiologic pathway, APC inactivates factor V, which is a
clotting factor in the coagulation cascade. The inactive factor
V then results in decreased thrombin activation, which is the
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final step in the coagulation cascade. Usually, this would
decrease the rate of clotting. However, when Factor V is
resistant to cleavage by APC, Factor C remains active and
increases thrombotic events. Most cases of Factor V Leiden
are caused by a DNA point mutation that substitutes guanine
for adenine, which results in an Arg506GIn mutation on the
mRNA codon near the polypeptide cleave site of factor V,
rendering the factor resistant to cleavage by APC. This
creates a resistant pathway to inactivation and a
thrombophilic physiologic situation. As most cases are
heterozygous, some patients are homozygous for the
mutation (<1% of the general population) and are at a higher
risk of thromboembolism'.

Figure 1

Coagulation cascade. Intrinsic pathway is measured by
aPTT. Extrinsic pathway is measured by PT. vVWF normally
stabilizes Factor VIII. A deficiency in vWF leads to
decreased levels of Factor VIII.
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SYMPTOMS & PRESENTATION OF DISEASES:

Von Willebrand disease presentation varies between
individuals, as the severity of symptoms subsequently varies
among the different types of this disease. Many patients are
often asymptomatic. Patients who develop symptoms of
vWD often have mucocutaneous bleeding, such as recurrent
or uncontrolled epistaxis, unexplained ecchymoses, bleeding
of the gingiva, petechiae, or prolonged bleeding time from
minor injuries such as dental procedures. 92% of patients
who menstruate who have vWD often suffer from
mennorrhagia'’. In severe cases, patients may also present
with life-threatening bleeding9.

Factor 5 Leiden often presents with thromboembolism at a
young age, often with onset at an age younger than 50 years
old. These are often unprovoked or associated with weak
risk factors. The thrombus may also be in an unusual

location, such as a portal vein thrombosis or central retinal
vein occlusion. As this condition is autosomal dominant,
there may also be a strong family history of
thromboembolism. Factor V Leiden patients are also at
increased risk of recurrent or multiple venous thrombus
embolism. Patients with the ability to become pregnant are
also at risk for frequent obstetrical complications, such as
recurrent pregnancy loss, preeclampsia, intrauterine fetal
demise, and intrauterine growth restriction’. Few patients
may also present with stroke symptoms or arterial
thromboembolism at a young age with no cardiovascular risk
factors7.

HOW THE DISEASES ARE DIAGNOSED:

Von Willebrand disease is diagnosed partly by patient
history, as they will often have had recurrent episodes of
unexplained bleeding and positive family history for similar
symptoms. Coagulation studies often show an increased
bleeding time, normal or prolonged aPTT, and a normal PT
and platelet count. Quantitative assessment for vWF antigen
levels and factor VIII will also be decreased ''. A more
specific test is the ristocetin cofactor assay, which measures
the ability of vWF to aggregate platelets. Ristocetin is an
antibiotic that activates vVWF, which then if present in the
sample, will bind glycoprotein Ib on platelets. If ristocetin is
added to blood that does not contain or has decreased levels
of vWF, it will be unable to aggregate platelets or have a
cofactor level <30 IU/dL. In a patient with vWD, their
platelets will be able to aggregate normally in other assays,
and such has in combination ADP and collagen'".

Factor 5 Leiden is often identified following an unprovoked,
thromboembolic event. Routine investigations should be
performed as the initial workup, including CBC to rule out a
myeloproliferative neoplasm, BMP to examine the potential
for thrombosis originating from a nephrotic syndrome, Liver
Enzyme studies to look for underlying liver disease that can
cause coagulation factor dysfunction, and coagulation
studies. More specific thrombophilia testing is warranted in
select cases, as patients prone to VTEs are often treated
accordingly without needing a diagnosis of Factor V Leiden.
Factor V Leiden specific studies are performed first by an
Activated protein C resistance assay, then followed by
genetic testing for Factor V Leiden if positive’. If these
patients are at increased risk for malignancy, appropriate
cancer screening is recommended as underlying
thromboembolism can indicate an underlying malignancy".
Screening may be considered in asymptomatic patients with
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a personal history of thromboembolism who wish to start
hormonal contraception, patients who wish to start
contraception and have a strong family history of
thromboembolism, and patients at risk who are pregnant or
considering fertility counseling’.

Table 1
Diagnosis of Von Willebrand Disease and Factor V Leiden.

Von Willebrand Disease Factor V Leiden

Patiant history Patiant histary
&« Racurrent eplsodes of unexplalnad &  Unprovoked thromboembolic event
blesading CBC o rule sut myeksproliferative

#  Family history
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# Increased blesding me

+  Mormal or prolonged aPTT

& Mormal PT

= Mormal platelet count
Ristacetin cofacior assay

& Mo platalet aggregation

neaplasm
BMP to nule oul nephrofic
syndrome
Liver enzyme studies to rule out
ivar disesse

+ Family history of thromboembolism

Coagulabion sfudies
& MNormal bleeding tma, aFTT, PT, platelet

#+  Cofactor keval <30 WL ot
Activaled protein C resistance assay
» I posilive, Tollow with genelic lesling Tar

Factor ¥ Leidan

TREATMENT OF DISEASES AND HOW
TREATMENT WORKS:

Von Willebrand disease patients are treated with prophylaxis
for procedures and only as hemophilic symptoms occur.
Most commonly, patients are treated with Desmopressin, a
synthetic version of antidiuretic hormone. Desmopressin
stimulates vVWF release from endothelial cells but is
ineffective in patients with Type 3 vWD. Concentrated vWF
and factor VIII can be given as prophylaxis, cases of severe
bleeding, or if desmopressin has been ineffective. In cases of
acquired vWD, concentrates have been found to be less
effective, and the best treatment for these patients is
treatment of the underlying cause’.

Factor 5 Leiden patients are often managed with secondary
prevention with appropriate anticoagulation and
modification of risk factors for thromboembolism. Acute
treatment of arterial thrombosis can consist of
revascularization and fibrinolytics, depending on patient
presentation. Venous thrombosis acute treatment consists of
anticoagulation administration'. Primary prevention in
asymptomatic patients is often not necessary, although some
patients may benefit from modification of risk factors for

thromboembolism®.

Table 2

Treatment approach for Von Willebrand Disease and Factor
V Leiden.

Von Willebrand Disease Factor V¥ Leiden

Desmoprassin

#  Symptomatic reatment

* Prophydasxis Tor praocedunas
Concentrabed WWF and fackor VI

= If desmopressin is inetfactive

* Symgplomalic reatmend

= Prophylaxis lor procedunes
Treaiment of underlying cause

Management of thromiboembalic risk faciors
Anticoagulation

®  Acule venous thrombasis managemenl
Revascularizalion and fibrinolylics

»  Acule arfertal thrombesis mansgament

GENETIC INHERITANCE OF A COEXISTING
VWF AND FACTOR V LEIDEN DEFICIENCIES:

Both Factor V Leiden and von Willebrand factor are
typically inherited in an autosomal dominant pattern. Factor
V Leiden also displays incomplete penetrance, which means
that every person who has the mutation does not always go
on to develop the disease. The gene that codes for Factor V
is often referred to as F5. F5 is located on chromosome 1
and is most often mutated by a missense substitution that
renders Factor V unable to be cleaved by APC13. vWF is
located on chromosome 12 . Due to the law of independent
assortment, it is feasible that these disease processes could
be inherited in the same patient, as the inheritance of these
alleles should not influence the inheritance of the other.

Figure 2

Independent assortment of chromosomes carrying F5
mutation and vVWF mutation. Situations A and B illustrate
how chromosomes carrying mutations for F5 on
chromosome 1 and for vVWF on chromosome 12 could
potentially independently assort during meiosis. As seen in
situation A, this independent assortment can lead to an
individual inheriting both mutated F5 and vWF.
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DISCUSSION:

After a review of the literature, it is presumed that both
Factor V Leiden and vWF Disease can coexist in a patient.
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Although acting as antagonists, one case has found that a
prothrombotic Factor V Leiden may compensate for low
levels of factor VIII or IX, conferring a survival benefit in
hemophiliacs. Existing in this prothrombotic state may
potentially compensate by resulting in more efficient
thrombin generation and easing the severing of clinical
symptoms. It has been proposed that this is what accounts
for Factor V Leiden’s high prevalence in the population, as
at one point, it may have conferred evolutionary survival in
areas that historically had a high prevelance of caucasians'®.
Furthermore, high factor VIII levels have also been found to
paradoxically worsen Factor V Leiden disease. This further
reinforces the idea that an acquired vWF deficiency causing
low factor VIII levels may be beneficial in a patient
suffering from Factor V Leiden, and that presence of a
higher factor VIII level may act as an additional risk factor

for venous thromboembolism in a Factor V Leiden patients
19

A case in the literature presents a woman who inherited both
diseases. She was reported to suffer from Factor V Leiden
and vWF Disease Type 1 in pregnancy. Her history was
significant for easy bruising, but in this case, she was
prescribed thromboprophylaxis with enoxaparin as
pregnancy is a hypercoagulable state and as it has been
documented that factor VIII and vWF levels normalize,
removing any bleeding risk "°. She went on to deliver her
child with no complications and was continued on
postpartum prophylaxis. Management of these patients
remains controversial in the literature, as the use of
thromboprophylaxis with no prior venous thromboembolism
consists of few case-control studies '°. Another case study
from the literature also reports a family with inherited
combined deficiency of Factor V Leiden and vWF has been
reported, further demonstrating the ability of a clotting and
bleeding disorder to exist together . Little evidence
supports how these patients would present either acutely or
chronically, if they would present as clinically distinct from
vWD or Factor V Leiden, if their symptoms would resemble
one condition more than the other, or if they would be
clinically silent due to the thrombophilic-hemophilic
paradox.

Future research should focus on cases like these of combined
thrombophillic-hemiphilic patients in order to provide better
care for these unique presentations. Although it is easy to see
how the pathophysiology of these diseases can exist in a
physician’s basic science training, clinical medicine has to

tease out the fine details from a patient’s presentation to
keep this scenario on their differential diagnosis list. Primary
care physicians would most often be the first to see these
patients unless they are presently acutely to the ED for either
a thrombosis or coagulopathy. In both of these cases, starting
these patients on either thrombolytic or coagulopathy
medications would be a tough call to make in this case and
would call for consultation from hematology or established
guidelines that would lead precedent in treatment. Novel
diagnostics or a novel diagnostics algorithm may also have
to exist to diagnose these patients as more research is done
into the prevalence of these disease processes coexisting. If
the coinheritance is high, testing for VWD may infer testing
of Factor V Leiden to be performed, and vice versa.

In the clinical scenario presented, the five-year-old boy had
only inherited vWF deficiency. However, through a review
of the literature, it was possible for the child to have
inherited both diseases. Therefore, precautions must be taken
with this child for vaccinations as he has a higher incidence
of bleeding problems and will continue to have an increased
risk of bleeding throughout his life, due to his present vVWF
deficiency. When he is ready to have children of his own, he
needs to be cognizant that he could transmit his disease, but
does not need to worry about passing on Factor V Leiden
from his mother.
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