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Primary Objective

HPCD2.6: Risk Factors for Thrombophilia. Give
examples and discuss the pathophysiology of inherited
versus acquired conditions that increase the risk of throm-
bophilia; Competency 2: Organ System Pathology; Topic:
Hematopathology—Platelets and Coagulation Disorders
(HPCD); Learning Goal 2: Hemostasis

Secondary Objective

Objective HPCDZ2.4: Proteases and the Coagulation Cascade.
Describe how particular proteins that regulate the proteases to
activate the clotting cascade either promote or inhibit coagula-
tion; Competency 2: Organ System Pathology Topic: Hemato-
pathology—Platelets and Coagulation Disorders (HPCD)
Learning Goal 2: Hemostasis

Patient Presentation

A 32-year-old woman (G3P0) presents to her primary care
provider for the evaluation of recurrent first trimester

miscarriages. She had 3 abortions in the last 4 years at 10, 9,
and 12 weeks of gestation, respectively. Also, she has a history
of lower limb deep vein thrombosis (DVT) at 27 years after a
long flight. She has no history of pulmonary embolism, skin
rash, or joint pain. The patient’s menses are regular, occurring
every 30 days and lasting for 5 days. She does not have any
potential harmful environmental exposures. She has no known
family history of chromosomal abnormalities. The previous
pregnancies appeared to be progressing normally until the time
of miscarriage.
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Diagnostic Findings, Part |

Physical examination reveals an alert patient with no pain or
distress. Vital signs include an oral temperature of 37.0 °C,
heart rate 93 beats per minutes, respiratory rate 19 breaths/min,
and blood pressure 133/86 mm Hg. Her cardiovascular and
respiratory system are unremarkable. Abdominal examination
reveals no tenderness or organomegaly. Pelvic examination
and other systems are unremarkable.

Question/Discussion Points, Part |

What Is the Definition of Recurrent Miscarriage?

Recurrent miscarriage is defined as 3 or more consecutive mis-
carriages. Miscarriage is defined as any spontaneous loss of a
pregnancy from the time of conception until 24 weeks of gesta-
tion, which is the age of fetal viability.

What Are the Causes of Recurrent Early Trimester
Miscarriage?

The etiology of recurrent miscarriage can be classified into
genetic, anatomical, infectious, endocrine, immune, thrombo-
philic, or unexplained.? Genetic factors are the most common
cause of early spontaneous miscarriage and include parental
chromosomal rearrangements and fetal aneuploidy (having an
abnormal number of chromosomes).> Endocrine factors
include poorly controlled diabetes mellitus and significant
thyroid disease.* Anatomical factors refer to congenital uterine
malformations (such as septate uterus) and acquired uterine
lesions (such as fibroids [leiomyomata]) that impede normal
implantation by deforming the endometrial cavity.>® Immune
factors are mainly represented by antiphospholipid syndrome,
in which the body generates autoantibodies (mainly anticardio-
lipin antibodies) that induce placental injury by producing
inflammatory and prothrombotic changes that affect endothe-
lial and trophoblasts cells.” Inherited thrombophilic disorders
can cause recurrent fetal loss by inducing thrombosis of the
uteroplacental circulation.® Infective agents such as Chlamy-
dia, Listeria, Mycoplasma, Toxoplasma, Ureaplasma, rubella,
cytomegalovirus, and herpes virus have been linked to sponta-
neous miscarriage.®

What Are the Diagnostic Tests That Should Be Ordered
for This Patient to Investigate the Etiology of Her
Recurrent Miscarriage?

A complete blood count is usually done to screen for anemia
and other hematologic disorders. Sonohysterography or hyster-
osalpingography exclude uterine structural lesions. Fetal tissue
and parental karyotyping are usually done to exclude structural
chromosomal abnormalities (fetal aneuploidy or parental trans-
location). Histopathological examination of the aborted prod-
ucts of conception can also be helpful in excluding infections,
molar pregnancy, or implantation site abnormality. Fetal kar-
yotyping and examination of the aborted products of

conception require fetal (not parental) tissue, which requires
them to be done at the time of miscarriage. Often, these 2
important investigations are not sent at the time of patient pre-
sentation due to the lack of clinical suspicion of an underlying
abnormality. Laboratory evaluation for antiphospholipid syn-
drome includes anticardiolipin antibody, anti- f2-glycoprotein,
and lupus anticoagulant testing.

Diagnostic Findings, Part 2

The patient’s complete blood count shows a white blood cell
count of 5,500/uL with normal differential count, a hemoglobin
level of 12.3 g/dL, and a platelet count of 300,000/uL. Workup
for antiphospholipid syndrome is negative. Additional review
of the patient’s records reveals a family history significant for a
mother with DVT at the age of 39 years, a sister with a mutation
of factor II, and a maternal cousin with a mutation of factor V.

Question/Discussion Points, Part 2

Given This Patient’s Family History, What Is the Primary
Clinical Consideration?

The patient’s family history of first- and second-degree relative
with DVT and mutations of factor II and V raises the clinical
concern of an underlying thrombophilic disorder.

What Is the Physiologic Role of the Coagulation Pathway?

The coagulation pathway (Figure 1) is a series of reactions that
are carried out by many proteins and glycoproteins (known as
coagulation factors) that act by cleaving/activating downstream
proteins ultimately leading to fibrin formation and cross-
linking, the end product of secondary hemostasis.’ In the coa-
gulation cascade, each inactive enzyme precursor (zymogen) is
activated to an active form that then catalyzes the next reaction
in the cascade. Coagulation factors are generally indicated by
Roman numerals (from I to XIII), followed by a lowercase a
when active.

What Is the Definition and the Clinical Spectrum of
Thrombophilia?

Thrombophilia can be defined as an increase tendency for
arterial or venous thrombosis.'® Arterial thrombosis usually
presents as myocardial infarction, cerebrovascular accidents,
or peripheral arterial disease. Less frequently, it can involve
renal, mesenteric, or retinal arteries.'"*'? Venous thrombosis
presents as venous thromboembolism (VTE). Deep venous
thrombosis of the lower limbs is the most common form of
VTE; however, thrombosis can occur in any part of the venous
system (such as upper extremities, splanchnic veins, and cere-
bral sinuses). The incidence of VTE is approximately 1 to 1.5
per 1000 persons/year with an individual’s absolute lifetime
risk of 11%."3"'> Thrombophilic patients can also present with
recurrent pregnancy loss, and rarely arterial thromboembolism.
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Figure |. The 2 arms of the classic coagulation cascade, the tissue factor pathway (also known as the extrinsic pathway) and the contact
activation pathway (also known as the intrinsic pathway), each consisting of different factors that both activate the common pathway (factor X,
thrombin, and fibrin), leading to cross-linking of fibrin and formation of the hemostatic plug. It is worth mentioning that this classic cascade
represents mostly in vitro events that is important for laboratory testing (PT, aPTT, and TT) and does not entirely represent the in vivo

(physiological) coagulation cascade.

Pulmonary embolism is the main life-threatening complication
of VTE.'®

What Is the Etiology of Thrombophilia?

Thrombosis results from an imbalance between endogenous
anti- and pro-thrombotic factors in the bloodstream.'” There
are 3 factors, known as the Virchow’s triad, that predispose
individuals to thrombosis: vascular endothelial injury, blood
stasis, and hypercoagulability.'®'? Endothelial damage
includes atherosclerosis and mechanical injury that is
caused by trauma, surgical manipulation, or catheter inser-
tion. Blood stasis refers to impairment of the physiologic
blood flow through the vascular (particularly venous) sys-
tem. This can be caused by pregnancy or by prolonged
immobility such as in people traveling long trips.'®!’
Hypercoagulability is multifactorial and can be influenced
by both hereditary and acquired factors. Hereditary throm-
bophilia is less common and is associated with certain muta-
tions in proteins related to the coagulation cascade.'’-*
Acquired hypercoagulability is much more common and can
result from medications (eg, estrogen-containing contracep-
tives, hormone replacement therapies, tamoxifen, or ralox-
ifene), malignancy, inflammatory state induced by
pregnancy, trauma, surgery, infection and chronic

inflammatory conditions (eg, morbid obesity, autoimmune
diseases, heavy smoking), antiphospholipid syndrome, and
heparin-induced thrombocytopenia and thrombosis.'’?!-**
Increased age is also an important contributor to thrombosis
due to increased production of prothrombotic coagulation
factors.*?

How Can Genetic Mutations Involving Different Factors
in the Coagulation Cascade Have Different Physiologic
Effects?

Mutations that affect the serum level, stability, or activity of
individual clotting factors (eg, factor VIII, factor IX, factor
XI, and von Willebrand factor) usually result in bleeding
tendency. On the other hand, mutations involving inhibitors
of coagulation (protein C, protein S, and antithrombin III)
result in hypercoagulability (thrombophilia) with an
increased risk of VTE.?

What Are the Most Common Genetic Mutations That
Contribute to Thrombophilia?
Factor V Leiden (FVL) and factor II ¢.*97G>A mutations

are the most common genetic predisposition factors that
contribute to thrombophilia. Other rare genetic defects such
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Figure 2. Each assay includes a size ladder (column 1) and 5 other columns (columns 2-6) in which different samples are added to reaction
tubes. The size ladder represents the size of the migrating DNA fragments. Each one of the columns has 2 subcolumns in which the reactions
occur: the wild type (wt) and the mutant types. In each column, the reagents are reacted with the 3 added primers generating different bands (BI,
B2, and B3). The first band (BI) at 250 bp represents an amplification control primer. The second band (B2) at 340 bp represents the factor |
mutation-specific DNA primer. The third band (B3) at 432 bp represents the factor V Leiden-specific DNA primer. The presence of migrating
DNA fragments confirms the presence of the DNA sequence of interest. In column 2, a normal control (sample from healthy patient with no
FVL or factor Il mutations) is added to the reaction tube. Note the presence of 2 bands (B2 and B3) in the wt tube and the absence of those
bands in the mutant reaction tube. The absence of both the factor V—specific (432 bp, B3) and the factor ll-specific (340 bp, B2) bands in the wt
reaction tube A, or the absence of the amplification control (250 bp, Bl) in the mutant reaction, suggests either lack of template or polymerase
chain reaction (PCR) inhibition and invalidates the run. In tubes 2 to 4, different controls are added as follows: normal control (column 2),
heterozygous positive control samples for FVL (column 3), and heterozygous positive factor Il (column 4). Column 5 include the test reagents
with no added DNA sample, therefore, no bands are seen as there is no PCR reaction. Column 6 is the actual patient sample; note the presence

of all 3 band (B, B2, and B3) in the mutant reaction tube and absence of those bands in the wt tube.

as antithrombin, protein C, protein S, or factor XIII can
also be contributing factors.'®?® Factor V Leiden is a
pathogenic variant protein that results from a point muta-
tion in the factor V gene. The c¢.1601G>A DNA sequence
change leads to protein sequence change p.Arg534Gln or
R534Q. This variant was previously designated as
c.1691G>A, p.Arg506Gln, or R506Q.'® Prothrombin
¢.*97G>A mutation is the second most common mutation
associated with inherited thrombophilia after FVL. The fac-
tor II mutation is designated c.*97G>A at the coding DNA
level or r.1997G>A at the RNA level. Historically it was
reported as 20210G>A.

Diagnostic Findings, Part 3

Factor II and factor V mutation testing (Figure 2) shows a
heterozygous pattern for both the FVL mutation and the
¢.*97G>A mutation of the factor II (prothrombin) gene.

Question/Discussion Points, Part 3

What Are the Functional Roles of Factor Il and Factor V in
the Coagulation Cascade?

Activated factor V is an essential cofactor to factor Xa in con-
verting prothrombin (factor II) to thrombin (activated factor II)
which in turn catalyzes the crosslinking of fibrin polymers
required for the formation of a hemostatic plug (Figure 1).°
Thrombin also has an essential role in activating other coagula-
tion factors that both augment and inhibit the formation of more
thrombin, such as activated protein C (APC).’

How Does Factor V Leiden Lead to Thrombophilia?

Normally, APC, in the presence of protein S, functions as a
natural anticoagulant by cleaving/inactivating activated factor
Vaand factor VIIla. Activated protein C cleaves factor V initially
at position p.Arg534 followed by 2 other cleavage sites
(p.Arg334 and p.Arg707)."*® The FVL inhibits APC cleavage
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Table I. Risk of Venous Thrombosis Compared With Healthy Individuals Not Having Factor Il or Factor V Variants.

Mutation

Fold increase in risk of venous thrombosis compared with individuals without this variant

FVL heterozygote

FVL homozygote

Factor Il c.*97G>A heterozygote

Factor Il c*97G>A homozygote

FVL and factor Il c.*97G>A double heterozygote

80-fold increase®'

20-fold increase®?

4- to 8-fold increase

39,40

2- to 4-fold increase®'
Inconclusive due to the relatively few number of individuals with this genotype42

Abbreviation: FVL, Factor V Leiden.

by eliminating the first, and the most essential, cleavage site
(p.Arg534). This results in reduction of inactivation of factor V
and longer persistence in circulation, leading to delayed attenua-
tion, and more generation of thrombin, resulting in a hypercoa-
gulable state (thrombophilia). Factor V Leiden accounts for at
least 90% to —95% of cases with APC resistance.*’~*

How Does Factor Il Mutation c. *97G>A Lead to
Thrombophilia?

In the normal coagulation cascade, thrombin catalyzes the con-
version of fibrinogen to fibrin, which is the building block of
the hemostatic plug. Thrombin also activates factor V, factor
VIII, factor XIII, and platelets. The c.*97G>A is a gain-of-
function mutation variant that occurs in the 3’ untranslated
region of the factor II gene. The substitution of guanine to
adenine upregulates processing efficiency of the 3’ end of the
precursor messenger RNA (pre-mRNA). This results in an
increased accumulation and stabilization of the pre-mRNA,
leading to more protein generation and a higher plasma protein
level.**3* Prothrombin is elevated by 30% in heterozygous
individuals and 70% in homozygous individuals.**>*® An ele-
vated prothrombin level is believed to be the underlying
mechanism leading to increased risk of thrombosis.>>-’

What Is the Mode of Inheritance for Factor V Leiden
and Factor Il ¢*97G>A Mutations?

Both mutations exhibit a codominant trait in that both hetero-
zygotes and homozygotes are at an increased risk of VTE, with
a greater risk in homozygotes, especially for factor V Leiden.'®

How Can Mutations in Factor Il and Factor V Be Tested?

Many laboratory-developed tests and US Food and Drug
Administration—approved testing platforms are now being used
by clinical laboratories.'® Detection of these variants can be
done using many methods such as polymerase chain reaction
(PCR)-restriction fragment length polymorphism, allele-
specific PCR, melting curve analysis, flap endonuclease +
Fluorescence Resonance Energy Transfer, Tagman real-time
PCR, and fluorescent probe-based allelic discrimination.'®
Sanger sequencing is conventionally used as the “gold
standard” for small nucleotide changes, and it may be useful
for clinical laboratories to use this technique to establish the
controls during the validation stage of the assays. Routine use

of Sanger sequencing is not necessary and not common due to
cost, turnaround time, as well as limited capacity for
multiplexing.'®

What Is Polymerase Chain Reaction With Amplification-
Refractory Mutation System?

Polymerase chain reaction—Amplification-refractory
mutation system (ARMS) is a simple method for detecting any
mutation involving single base changes or small deletions.
Amplification-refractory mutation system is based on the use
of sequence-specific PCR primers that allow amplification of
test DNA only when the target allele is contained within the
sample. After DNA extraction from the patient’s specimen,
amplification using 2 allele-specific or amplification refractory
mutation system reactions is used to detect both wild and the
FVL mutation and the factor Il mutation (¢.*97 G>A): one with
primers to the normal sequences and one with primers to the
variant sequences. Another set of primers specific for the F9
gene are added to confirm the addition of the patient sample.
Polymerase chain reaction products are electrophoresed
through 2% agarose, and the ethidium stained gel is visualized
and photographed (Figure 2). Following an ARMS reaction, the
presence or absence of a PCR product is diagnostic for the
presence or absence of the target allele. This provides simulta-
neous detection of factor V and factor II mutations and permits
the identification of normal, heterozygous, or homozygous var-
iant genotypes.®

How Much Does the Risk of VTE Increase in Patients
With Factor V Leiden and Factor Il Mutations?

The increased risk of VTE (Table 1°***%) depends on the type of
mutant variant (FVL vs. factor II ¢.*97G>A) and the zygosity
status (homozygous vs. heterozygous). When these mutations
are present in women taking oral contraceptives, the risk for
VTE and particularly cerebrovascular embolism are dramati-
cally elevated (35- to 150-fold, depending upon the mutation
and zygosity).'°

Which Patients Should Be Tested for Mutations in Factor
Il and Factor V?

Population-based screening in otherwise healthy individuals is
not recommended. Testing for these mutations is appropriate
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for persons at the time of first unprovoked VTE (particularly if
younger than 50 years), patients with recurrent VTE or VTE at
an unusual site (sites other than upper or lower limbs), patients
with history of VTE in more than one family member or in a
first-degree relative at a young age, and finally in patients with
low APC resistance activity.'® Our patient fits the criteria for
testing because she has a personal history of VTE at a young
age (27 years old) as well as a first-degree relative with VTE at
a young age (mother with VTE at age 39).

How Should This Patient Be Managed?

In addition to her recurrent first trimester miscarriages, this
patient has a previous episode of lower limb DVT that was
provoked by a long flight. As she is not pregnant at this time
and her previous DVT was provoked by a transient risk factor,
she does not require long-term anticoagulation therapy.** How-
ever, if she becomes pregnant, low-molecular-weight heparin
should be started and continued throughout pregnancy and for 6
weeks postpartum. Anticoagulation would decrease her risk of
developing VTE during pregnancy, however, it is still unclear
if anticoagulation will prevent fetal loss in patients with recur-
rent miscarriages. She should also maintain a healthy lifestyle
(not smoking, maintaining physical activity) and avoid
estrogen-containing contraceptives.

Teaching Points

e Recurrent miscarriage is defined as 3 or more consecu-
tive miscarriages of less than 24 weeks of gestation.

e The etiology of recurrent miscarriage can be genetic,
anatomical, infectious, endocrine, immune, thrombophi-
lic, or unexplained.

e Thrombophilia is a multifactorial condition that mani-
fests clinically as venous or arterial thromboembolism.
Pulmonary embolism is the main life-threatening com-
plications of thrombophilia.

e Thrombophilia can be hereditary or acquired. Acquired
thrombophilia is more common.

e Acquired thrombophilia has a poorly understood etiol-
ogy with many associated risk factors: smoking, older
age, presence of malignant neoplasms, and history of a
period of prolonged immobilization. Additional risks for
women include pregnancy, use of estrogen containing
contraceptives or replacement therapy, and tamoxifen
and raloxifene treatments.

e Hereditary thrombophilia is associated with certain
mutations in proteins related to the coagulation cascade
such as Factor V, prothrombin, protein C, protein S, and
antithrombin-III.

e The coagulation pathway is a cascade of reactions that
are carried out by coagulation factors that act by activat-
ing downstream proteins, ultimately leading to forma-
tion of the fibrin necessary for clot formation.

e Factor V Leiden and factor II ¢.*97G>A mutations are
the most common genetic factors predisposing

individuals to thrombophilia. Other mutations are pres-
ent but are rare, therefore these 2 variants are the only
variants tested routinely by clinical laboratories.

e Activated protein C normally cleaves activated factor V,
leading to its inhibition. Factor V Leiden eliminates the
APC cleavage site, therefore abolishing its inhibitory
effect, which increases the risk of thrombosis.

e Factor II ¢.*97G>A mutation upregulates the processing
efficiency of the pre-mRNA, which results in a higher
plasma protein level, increasing the risk of thrombosis.

e The increased risk of thrombosis depends on the type
and the zygosity of the pathogenic variant. From indi-
viduals who have a pathogenic variant, women taking
oral contraceptives have a dramatically elevated risk (up
150-fold increase, depending upon the mutation and
zygosity). Treatment with anticoagulation depends on
the individual risk, risk factors, and previous episodes
of thromboembolism.
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