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The peer-reviewed Clinical Practice section seeks to publish case stud-
ies, reports, and articles that are immediately useful, of practical na-
ture, or demonstrate improvement in the quality of laboratory care.
Direct all inquiries to Bernadette Rodak MS CLS(NCA), CLS Clini-
cal Practice Editor, Clinical Laboratory Science Program, Indiana
University, Fesler 409, 1120 South Avenue, Indianapolis, IN 46202-
5113. brodak@iupui.edu

Factor V Leiden (FVL) is an autosomal co-dominantly in-
herited Arg506→Gly substitution of the activated protein C
cleavage site affecting 5% of the Caucasian population. FVL
results in impaired anticoagulant function without
procoagulant modification. Heterozygotes experience a
seven-fold increase in thrombotic events, whereas homozy-
gotes may incur a 50 to 100 fold increase. Even though pa-
tients are at increased risk for deep venous thrombi, they
experience a smaller risk of pulmonary embolism compared
to individuals affected by other coagulopathies.

ABBREVIATIONS: APC = activated Protein C; APTT =
activated partial thromboplastin time; CT - computed to-
mography; DVT = deep venous thrombosis; FV = factor V;
FVL = Factor V Leiden; INR = international normalized ra-
tio; LAC = lupus anticoagulant; PE = pulmonary embolus;
PNH = paroxysmal nocturnal hemoglobinuria; PT = pro-
thrombin time; RBC = red blood cell; SLE = systemic lupus
rythematosus; V/Q ratio = ventilation/perfusion ratio.

INDEX TERMS: Factor V Leiden; Protein C; thrombosis.
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PRESENTATION OF PATIENT
A 45-year-old white female presented to an emergency room
complaining of fever, cough, and left leg pain. Duplex ultra-
sonography revealed a left greater saphenous thrombus with

extension into the left common and femoral veins. The pa-
tient was discharged on oral warfarin. Two days later the
patient returned to the hospital complaining of abdominal
swelling, left upper quadrant pain, and epigastric tender-
ness. Additionally, the prothrombin time (PT) performed
upon admission yielded an international normalized ratio
(INR) of 1.0. A computed tomography (CT) scan revealed
bilateral lung effusions without atelectasis and splenomegaly
with multiple low density splenic masses. The patient stated
that she experienced slight dyspnea upon exertion. The ven-
tilation perfusion scan was not diagnostic for pulmonary em-
bolus (PE). Upon interview, the patient revealed that she
had two prior deep venous thrombi (DVT). Her first oc-
curred at age 25 in her left leg after delivery of her second
child. The second DVT occurred at age 43 in her right leg.
Also of interest is the death of her daughter subsequent to a
massive PE at age 22. Due to a suspected familial
coagulopathy, the patient was started on IV heparin and re-
ferred to a tertiary care hospital for treatment and follow up.

Given her current illness and past medical history, she was
evaluated for paroxysmal nocturnal hemoglobinuria (PNH)
vs. familial coagulopathy vs. lupus anticoagulant (LAC). Oral
warfarin therapy was initiated concurrent with IV heparin
until her INR was therapeutic. Laboratory values are shown
in Tables 1 and 2.

QUESTIONS TO BE CONSIDERED
1. What is the most important ‘clue’ when working-up a

patient with a suspected thrombophilia?
2. What laboratory testing would be most appropriate to

rule out each of the above differential diagnoses?
3. What mechanisms are responsible for the homeostatic

imbalance with Factor V Leiden?
4. What laboratory testing would be most beneficial in the

diagnosis of this patient?
5. Given the patient’s diagnosis and history, what would be

the preferred course of treatment and why?

NON-LABORATORY DIAGNOSIS OF DVT AND PE
In conjunction with a good patient history and physical exam,
the diagnosis of DVT is frequently made using non-invasive
ultrasonography. Ultrasound may be used to directly visualize
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the thrombus or the Doppler effect may
be utilized to measure blood velocity.
The diagnosis of PE is generally made
via assessing the ventilation/perfusion
ratio (V/Q ratio). Isotope labeled xenon
gas is inhaled into the lungs and held.
A gamma camera is then used to visu-
alize all ventilated areas. The patient is
then injected with isotope labeled al-
bumin. Due to the embolic impedance
of blood flow, the radioactive albumin
is concentrated within the pulmonary
capillary beds. This concentration al-
lows for an indirect measure of blood
flow. The normal result of a V/Q scan
is 1. If V is greater than Q, the quotient
is greater than 1 and thus supports the
diagnosis of PE.1

PNH and LAC
PNH is an acquired genetic mutation
of hematopoietic stem cells resulting

in an increased sensitivity of daughter
cells to the actions of complement.
Although the lysis of red blood cells
(RBCs) and resultant nocturnal hemo-
globinuria were first identified, patients
more commonly suffer from recurrent
venous thromboembolism of the ab-
dominal circulation. As such, PNH be-
comes a differential diagnosis in any
patient with abdominal thrombi.2

LAC refers to one of two types of
antiphospholipid antibodies. As im-
plied by its name, this inhibitor was
originally found to be the cause of el-
evated activated partial thromboplas-
tin time (APTT) in patients with sys-
temic lupus erythematosus (SLE). In
contrast to this in vitro observation,
patients often experience a hyperco-
agulable state concurrent with venous
and arterial thrombi.3

FACTOR V AND ITS ROLE IN
NORMAL HOMEOSTASIS
Factor V (FV), like thrombin, pos-
sesses both anticoagulant and
procoagulant properties. The acti-
vated protein C (APC) mediated
cleavages, if performed on FV (not
FVa), transform it into an APC co-
factor (FVac). FVac acts in concert
with APC and protein S to increase
the rate of inactivation of FVIII.

FV may also be cleaved by thrombin
into FVa, a procoagulant. This mol-
ecule acts as a co-factor and combines
with FX to form the prothrombinase
complex. Conversely, FVa may be in-
activated by APC cleavages resulting
in a form without anticoagulant activ-
ity. More specifically, FVa is cleaved by
APC at Arg 306, Arg 506, and Arg
679, after binding to phospholipid on
the endothelial surface. The Arg 506
cleavage has little direct affect on the
procoagulant activity of the FV mol-
ecule. In a recent study, FV activity was
assayed before and after cleavage at Arg
506 and 679. These cleavages con-
ferred only a 20% reduction in activ-
ity.4 Expectedly, the Arg 306 cleavage
has been found responsible for an 80%
reduction in FV activity. The primary
function of the Arg 506 cleavage on
FV is to augment the rate of inactiva-
tion via the Arg 306 cleavage.

WHAT IS THE LEIDEN MUTA-
TION AND HOW DOES IT AF-
FECT FV?
The FV gene is located on the long arm
of chromosome 1 between bands 21
and 25 and is autosomal co-domi-
nantly inherited.4 Factor V Leiden
(FVL) results from a G→A point mu-
tation at position 1691 resulting in an
Arg506→Gly substitution in the pro-
tein.5 This substitution renders FV re-
sistant to the activity of APC. The net
effect of this mutation predominantly

CLINICAL PRACTICE: HEMOSTASIS

Table 1. Laboratory results

Test Result Reference range

Complete blood count (CBC) unremarkable

Antiphospholipid antibodies within normal limits

Sucrose hemolysis negative

Anti native DNA 2.3 IU/mL 0 – 3 IU/mL

ANA < 1:40 <1:40

Homocystine 7 µmol/L 5 – 8 µmol/L

20210 Downstream PT
gene mutation negative

Factor V Leiden mutation homozygous positive

Table 2. PT and APTT results

Date PT/INR (10.1-13.7 sec) APTT (25.8 - 39.4 sec)

12/8 16.0 sec/1.3 105.0
12/9 16.6 sec/1.3 96.7
12/10 21.1 sec/1.7 101.4
12/11 28.8 sec/2.2 148.9
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alters the anticoagulant properties of FV while leaving the
procoagulative function intact.

The clinical presentation of FVL ranges from asymptomatic
to serial DVTs and other venous infarcts. The severity of the
disease is proportional to the number of additional risk fac-
tors present in conjunction with the Leiden mutation.7 In
general, risk factors for DVT are pregnancy, hormonal birth
control, venous stasis, surgery, obesity, smoking, immobili-
zation, cancer, homocysteinemia, and other familial
coagulopathies.1 Consequently, the presence of FVL alone
may not be sufficient to precipitate an event. However, FVL
in conjunction with any number of the aforementioned con-
ditions may cause the homeostatic balance to tip in favor of
clot formation.6,7

FVL possesses several interesting points of difference from
other familial coagulopathies. First, the risk of DVT occur-
rence is linear throughout the lifetime of the patient.7 Sec-
ond, even though patients are at an overall increased risk for
thrombi, they face a decreased chance of suffering PE as com-
pared to those with other familial coagulopathies.8 This para-
doxical relationship of increased DVT risk with a decreased
frequency of PE exists due to 1) FV’s dual role as an anti and
procoagulant, and 2) the anatomic location in which FVL
patients frequently form clots. First, both wt-FV and wt-
FVa are cleaved by APC at Arg 306, 506, and 679. The 506
cleavage in FV transforms it into an anticoagulant APC co-
factor for the degradation of FVIII. Unbound FVa also de-
pends upon the 506 cleavage to increase the rate of its mo-
lecular inactivation.9 This duality is a crucial component of
the FVL paradox. Cleavage at the Arg 506 site is only neces-
sary for anticoagulant functions. The Arg506→Gly mutation
destroys this cleavage site thus decreasing the rate of free
FVa inactivation and decreasing the formation of FVac on
the surrounding undamaged endothelium. Due to increased
thrombin generation and decreased anticoagulant activity
on surrounding tissue, an adherent clot is rapidly formed
that results in decreased embolization.

The second component of the Leiden paradox arises from
the fact that PE typically arise from thrombi in the larger
proximal veins such as the ileo-femoral and inferior vena
cavum.9 In contrast, FVL patients incur thrombi with a
greater frequency in the distal calf veins (anterior tibial, pos-
terior tibial, and peroneal veins).10,11 This location decreases
the probability embolus formation.12

DETECTION, DIAGNOSIS, AND TREATMENT
In the initial assessment of a patient with DVT, history is
often key to the detection of familial clotting disorders. As
demonstrated by our patient, the occurrence of DVT in
family members or a history of DVT can be an invaluable
diagnostic tool. Typically once a FVL mutation is suspected,
the APC resistance test is performed. The APC resistance
test identifies patient insensitivity to APC. The test is based
upon an APTT clotting assay with and without reagent
APC. The APTT in the presence of APC is divided by the
unaltered APTT to yield a unit less ratio. A ratio of >2
generally confers an unaffected state. Ratios of <2 denote a
potential FVL mutation and resistance to APC. FV defi-
cient plasma may be added to the test system to correct for
any existing factor deficiencies. The APC resistance assay
may be affected by other conditions such as LAC, elevated
FVIII and fibrinogen levels, pregnancy (elevated acute phase
reactants, e.g., FVIII, C4b-binding protein), and hormonal
contraceptives.13,14

APC resistant patients may be confirmed for the FVL muta-
tion by DNA PCR amplification of a segment of the poten-
tially affected gene. After amplification, the DNA is cut with
a restriction enzyme and run through a polyacrylamide gel.
The DNA fragments separate on the basis of size allowing
identification of the individual gene fragments. Homozygous
negative patients have three bands (82, 37, and 104 bp), het-
erozygous have four bands (82, 37, 104, and 141 bp), and
homozygous positive have two bands (82 and 141 bp).15

As with the above patient, testing may be done not only to
confirm APC resistance and the FVL mutation, but also to
rule out other potential interfering problems and manage
the anticoagulant therapy. Both PNH and LAC are associ-
ated with thrombi and thus were differential diagnoses. PNH,
a polyclonal hematopoietic stem cell disorder, produces prog-
eny that lack GPI anchored proteins.2 Most important to
our discussion is the absence of decay accelerating factor
(DAF aka CD55) and membrane inhibitor of reactive lysis
(MIRL aka CD 59) on daughter RBCs. The absence of these
proteins renders these cells incapable of mitigating the ac-
tions of the alternative complement pathway. As such, the
abnormal susceptibility to complement mediated lysis is uti-
lized as a screening tool within the sucrose hemolysis and
Ham’s acidified serum tests. As presented in Table 1, the
CBC was unremarkable and did not demonstrate anemia.
Red blood cell susceptibility to complement was ruled out
via a negative sucrose hemolysis test thus precluding a diag-
nosis of PNH.16

CLINICAL PRACTICE: HEMOSTASIS
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SLE was eliminated since the ANA, a nonspecific indicator
of many connective tissue diseases, was within normal lim-
its as was the anti ds-DNA, a more specific indicator of SLE.
Antiphospholipid antibodies, often associated with SLE and
thrombotic disease, were found to be within normal limits
and thus precluded LAC.17Additionally, the patient had a
normal homocystine level and was negative for the PT gene
mutation. Most important, our patient was homozygous
positive for the FVL mutation. The patient was started on
oral warfarin and intravenous heparin concurrently. After
the PT reached therapeutic levels, an INR between 2 and 3,
the heparin was discontinued. Taking into account her
thrombotic history and the aforementioned homozygous
FVL mutation, the patient was asked to continue on oral
warfarin for life and to return for follow-up in three months.
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Medical Technology Program Hematology Lecturer Position

The Department of Laboratory Medicine at the University of Washington Medical Center is seeking a full time, 12-
month, hematologist at the lecturer level in the Bachelor of Science Medical Technology Program. This individual
must have at least an MS and national professional certification appropriate to clinical hematology. This individual
must also have experience in clinical hematology and coagulation and in teaching medical technology students within
the last five years. The responsibilities of this position will include coordination of the hematology and coagulation
didactic courses and the hematology clinical rotation course for medical technology students with lecture, student
laboratory, and clinical rotation components. Responsibilities may also include student advising, development of
courses, laboratory service administration, research, and professional activities.

Applicants should submit a letter of interest, a detailed curriculum vitae, and the names, addresses, phone numbers,
and email addresses of three professional references by March 3, 2003 to Daniel E Sabath, MD PhD, Chair, MTP
Hematology Lecturer Search Committee, Department of Laboratory Medicine, Box 357110, University of Washing-
ton, Seattle, WA 98195-7110.

The University of Washington is building a culturally diverse faculty and strongly encourages applications from
female and minority candidates.

The University of Washington is an Affirmative Action/Equal Opportunity employer.
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