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Upon completion of this activity you will be able to:

e |ist the inherited risk factors for thrombosis that can be tested in the
laboratory.

e discuss why testing for thrombophilia risk factors is often affected by
the patient’s underlying clinical condition.

e apply the concepts from this review when providing consultation to
clinicians.

Abstract

Venous thromboembolism (VTE) results from
the interaction of the Virchow triad (venous stasis,
endothelial injury, and hypercoagulability). Risk factors
for increased hypercoagulability, or thrombophilia,
include activated protein C resistance/factor V Leiden,
the prothrombin G20210A mutation, deficiencies of the
natural anticoagulants (antithrombin, proteins C and
S), antiphospholipid antibodies, hyperhomocysteinemia,
and increased factor VIII activity. Not all patients
with VTE need to be tested for such risk factors, but
patients with thrombophilia should be evaluated for
all possibilities to better estimate risk. At the same
time, testing should be patient-specific because assay
results are affected by preanalytic variables, including
thrombosis and anticoagulant therapy.
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Case Scenario

A 46-year-old Caucasian man was admitted for new-
onset hemoptysis, dyspnea on exertion, and bilateral chest
pain. He had been discharged 2 weeks previously after an
8-day stay for trauma when a bulldozer rolled off a trailer
and hit him. He had fractures of the right arm, right ribs, and
both cervical and thoracic vertebrae, requiring surgery. He
has been using oxycodone while an outpatient. His vital signs
were significant for tachycardia and an oxygen saturation of
91% while breathing room air. Examination revealed rales at
both lung bases, clean surgical wounds, and no evidence of
lower extremity tenderness, cords, or edema. Chest computed
tomography with contrast showed a pulmonary embolism
in the right lower lobe. Doppler ultrasounds of the extremi-
ties were negative. He had a normal CBC, prothrombin time
(PT), and partial thromboplastin time (PTT), but a D-dimer
level 5 times the upper limit of the reference range. Protein
C and S activities were ordered 2 days after starting intra-
venous unfractionated heparin and after 2 doses of warfarin.
The clinical pathologist was consulted on whether the patient
should be further evaluated for thrombophilia. There was no
personal or family history of thrombosis; his mother and sister
had first-trimester miscarriages.

Background

Thrombophilia is the increased tendency to venous throm-
boembolism (VTE) due to predisposing congenital and/or
acquired factors. VTE affects approximately 1 to 2 people per
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1,000 in the Western general population?; in the United States,
more than 900,000 people annually have VTE, with about
300,000 deaths and a higher number surviving with complica-
tions.? VTE has a recurrence risk of about 30%.% Treatment
goals include effective risk stratification for recurrence, pro-
phylaxis, and modification of risk factors to improve survival
and prevent complications. The Virchow triad of venous stasis,
vascular endothelial injury, and intrinsic alterations in the
coagulation nature of the blood itself inform this risk assess-
ment.* Such “blood alterations” have become the thrombophil-
ias that may be circumstantial, disease-related, or inherited.

Questions

» What are the most prevalent inherited and acquired risk
factors for VTE?

» Which patients should be considered for thrombophilia
testing?

» What preanalytic variables and conditions should be
considered for a thrombophilia investigation?

» How does thrombophilia testing affect VTE treatment?

Congenital Thrombophilias

Well-defined VVTE risk factors include resistance to acti-
vated protein C (APCR) due to factor V Leiden (FVL), pro-
thrombin G20210A gene mutation (P20210), high factor VIl
(FVII) activity or homocysteine level, and natural anticoagu-
lant deficiencies: antithrombin (AT), protein C (PC), and pro-
tein S (PS). Patients with laboratory-confirmed thrombophilia
are at greater risk for VTE, but most will never have an event.>
V/TE risk increases synergistically as other risk conditions are
acquired (eg, pregnancy, trauma, immobilization). More than
60% of patients with idiopathic (spontaneous or unprovoked)
VTE have inherited thrombophilia®; abnormal APCR, a nega-
tive workup, and P20210 were found in 33%, 32%, and 18%
of patients, respectively.

Acquired Thrombophilia

Circumstantial risk factors for VTE include age older
than 50 years, previous thrombosis, exogenous estrogens,
prolonged immobilization (eg, transoceanic plane travel, bed
rest >3 days, nonambulatory states, plaster casting), orthope-
dic surgery (especially knee and hip replacement), chronic
inflammation, and malignancy.” Risk factors must be consid-
ered during examination of patients with VTE, and a complete
“thrombotic medical and family history” must be taken.?
Antiphospholipid syndrome (APS) is an important cause of
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acquired thrombophilia diagnosed in the laboratory that can
also cause arterial thrombosis and recurrent fetal loss.®

Laboratory Investigation Guidelines

Evidence-based guidelines recommend laboratory evalu-
ation for thrombophilia only for selected patient populations
IFigure 10191 Testing should encompass all risk factors
because combined defects are common (unless clinical condi-
tions interfere with test interpretation). If high-priority tests
are negative, low priority studies (eg, dysfibrinogenemia
testing or factor 1X and XI activity) should be considered.*
Unique circumstances can dictate the workup; unexplained
intra-abdominal VTE (portal, splenic, mesenteric, or hepatic)
suggests the need for JAK2 mutation testing and flow cyto-
metric CD55/CD59/fluorescent aerolysin expression in blood
cells to evaluate for myeloproliferative disorders and paroxys-
mal nocturnal hemoglobinuria, respectively.1516

Laboratory Evaluation

APCR/FVL

The FVL point mutation (G1691A) renders the first fac-
tor V cleavage site more resistant to the APC/PS complex,
hence APCR. Up to 8% of Caucasians in the United States
are heterozygous for FVL, and 1 in 5,000 are homozygous.
FVL occurs more rarely in African Americans and people of
Hispanic or Arabic descent. FVL heterozygotes have a 3- to
7-fold and homozygotes an 80-fold increased risk of VTE; a
second risk factor (oral contraceptives, pregnancy, PS defi-
ciency) in a FVL heterozygous person synergistically increas-
es the risk of VTE.! Most laboratories use a strategy to first
screen for APCR with the second-generation (V-deficient)
test. If the APCR result is abnormal, genotyping for FVL is
reflexively performed.’” DNA analysis alone would not iden-
tify acquired APCR (such as lupus anticoagulant [LA]) or rare
factor VV mutations that can also cause APCR.!8

Prothrombin G20210A

P20210 is the second most prevalent inherited VTE
risk factor, resulting in an increased concentration of func-
tional prothrombin and, subsequently, the generation of more
thrombin. P20210 is present in approximately 2% to 3%
of Caucasians, Hispanics, and Arabs but is rare in Africans
and Asians. P20210 occurs in 6% to 8% of all patients with
VTE and 18% of patients with VTE who also have throm-
bophilia.’% P20210 is determined only by DNA analysis
because prothrombin activity does not adequately identify the
presence of P20210.1°
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Clinical circumstances that suggest
a laboratory evaluation for thrombophilia

1

1

Patient with a confirmed
acute VTE

Asymptomatic patients
with a family

Other clinical situations

history of VTE

Only selected patients from the above clinical circumstances
should undergo a laboratory evaluation for thrombophilia

Selected patients should be considered for

thrombophilia testing if at least one of the

following is present:

¢ “Spontaneous” thrombosis (unprovoked)
in patients <50 years of age

¢ Recurrent venous thrombosis (at any age)

Testing should be considered

in the following situations:

¢ Women who intend to become pregnant
and/or use oral contraceptives and who
have symptomatic first-degree relatives
with AT, PC or PS deficiency, or FVL

Testing is recommended only

in limited situations:

¢ Woman with a history of
pregnancy loss that is either
recurrent or late in pregnancy
(second or third trimester)

¢ First-degree relatives with VTE

e Thrombosis in unusual sites, such
as portal, mesenteric, splenic,
hepatic, renal, or cerebral veins
(without a risk factor)

e Woman with a thrombotic event
during pregnancy, HRT, or while
taking oral contraceptives

e Patients clinically suspected of
having APS

l

Physical exam and complete medical history to evaluate
for presence of acquired risk factors for thrombosis (see text)

Thrombophilia: High Priority Tests

. APCR to screen for FVL

. AT activity
. PC activity

. Factor VIII activity

NP WON

9. Homocysteine level

The best time to evaluate a patient for an inherited thrombophilia is in the outpatient setting
after the acute thrombotic episode has resolved and the patient is no longer acutely ill.

If thrombophilia testing must be done during a thrombotic event or anticoagulation, a number
of assays may be affected depending on the patient’s condition and the drug used.

1. Global coagulation tests: PT, PTT, TT, fibrinogen

. Prothrombin G202710A mutation (P20210)

. PS activity: see Figure 2 for a diagnostic algorithm

. Antiphospholipid antibodies - LA (see Figure 3 for a diagnostic algorithm)
IgM and IgG aCL antibodies, and (3,GP1 antibodies

EFigure 10 Outline of the clinical circumstances that suggest a thrombophilia laboratory evaluation and the high priority screening
tests. aCL, anticardiolipin antibodies; APCR, activated protein C resistance assay; APS, antiphospholipid syndrome; AT,
antithrombin; B,GP1, B,-glycoprotein-1; FVL, factor V Leiden; HRT, hormone replacement therapy; LA, lupus anticoagulant; PC,
protein C; PS, protein S; PT, prothrombin time; PTT, partial thromboplastin time; TT, thrombin time; VTE, venous thromboembolism.

Deficiencies of Natural Anticoagulants

The inherited deficiencies of AT, PC, and PS account
for only 1% to 5% of all patients with VTE.2 All are caused
by a large number of different mutations and are inher-
ited in an autosomal dominant manner with variable pen-
etrance. The peak presentation with a first thrombotic event
is early, between 15 and 35 years of age.?! Laboratory evalu-
ation includes functional and antigenic assays; it is extremely

© American Society for Clinical Pathology

important to exclude an acquired deficiency and to consider
different analytic variables that can affect results BTable 10.10-12

The risk of VTE in heterozygous AT deficiency is
increased 5- to 50-fold compared with the general popula-
tion.'t There is a 50% risk of VTE developing during a
patient’s lifetime or during pregnancy.?? Diagnosis of quanti-
tative (type 1) or qualitative (type 11) deficiency1?1:23-25 can
be made with an algorithmic approach.?

Am J Clin Pathol 2012;137:553-560 55%
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ITable 11
Variables and/or Interferences That Affect Results of
Thrombophilia Evaluation

Natural anticoagulants
Antithrombin deficiency (plasma activity) decreased by
Unfractionated or low molecular weight heparin
Ongoing or recent thrombosis
Hepatic dysfunction (acute or chronic)
Nephrotic syndrome
DIC
Pregnancy and puerperium (avoid testing until 3 mo postpartum)
Estrogen therapy (COC or HRT; delay testing until 3 mo after
discontinued)
L-asparaginase therapy
Protein C deficiency (plasma activity) decreased by
Warfarin (delay testing until at least 3-4 wk after discontinued)
Ongoing or recent thrombosis
Hepatic dysfunction (acute or chronic)
DIC
Vitamin K deficiency
L-asparaginase therapy
Protein S deficiency (plasma activity) decreased by
Warfarin (delay testing until at least 3-4 wk after discontinued)
Acute phase reaction
Ongoing or recent thrombosis
Hepatic dysfunction (acute or chronic)
DIC
Pregnancy and puerperium (avoid testing until 3 mo postpartum)
Estrogen therapy (COC or HRT; delay testing until 3 mo after
discontinued)
Vitamin K deficiency
Nephrotic syndrome
L-asparaginase therapy
Other risk factors
Factor VIII activity (functional and antigenic assays) increased by
HRT (delay testing until 3 mo after discontinued)
lliness, stress, surgery
Ongoing or recent thrombosis
DIC
Pregnancy and puerperium (avoid testing until 3 mo postpartum)
Hyperhomocysteinemia (fasting plasma level) increased by
Vitamin B, vitamin B, or folate deficiency
Renal disease
Malignancies
Hypothyroidism
Drugs such as oxcarbazepine and topiramate
Antiphospholipid antibodies
aCL (ELISA)
Positive rheumatoid factor and/or cryoglobulins can cause
false-positive IgM
LA (clot-based tests such as PTT and dRVVT)
Unfractionated heparin prolongs PTT and will interfere with
the mixing study
Factor VIII inhibitor may mimic LA by prolonging PTT and yielding
a positive phospholipid neutralization step (false-positive
confirmatory test)
Warfarin prolongs the dRVVT

aCL, anticardiolipin antibodies; COC, combination oral contraceptives; dRVVT,
dilute Russell viper venom time; ELISA, enzyme-linked immunosorbent assay;
HRT, hormone replacement therapy; LA, lupus anticoagulant; PTT, partial
thromboplastin time.

PC deficiency accounts for 2.5% to 5% of unselect-
ed patients with a first VTE.” Heterozygous deficiency
increases VTE risk by 7-fold and carries an increased risk
for warfarin-induced skin necrosis.** Homozygous deficient
newborns have purpura fulminans; replacement therapy
and anticoagulation are required for survival. However,
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there have been reports of patients with homozygous PC
deficiency with a milder clinical course.?® Quantitative and
qualitative PC deficiency can be diagnosed by using an
algorithm.2” Acquired conditions that decrease PC activity
must be excluded (Table 1) before making a diagnosis of
inherited deficiency.

Laboratory investigation of PS deficiency is more com-
plex with 3 distinct assay types: PS activity (clot-based)
measures function as a cofactor for APC; free PS is an immu-
nologic measure of the unbound fraction; and total PS antigen
quantifies free and bound PS. Each assay has its own draw-
backs, and they must be interpreted together to accurately
diagnose PS deficiency. Because PS activity secondarily mea-
sures APC-dependent anticoagulant activity, many variables
must be considered before ordering and/or interpreting values.
Falsely low values are found in up to 10% to 15% of healthy
people.28 Free PS antigen is more reliable and diagnoses 95%
to 99% of PS deficiencies.?® Inherited PS deficiency occurs
in 1% to 13% of thrombophilic patients with VTE.!! Types
I, 1l, and 111 do not differ in clinical manifestations or sever-
ity,?® and a diagnostic algorithm for PS deficiency is shown
in BFigure 20.%0

Antiphospholipid Antibodies and Antiphospholipid
Syndrome

There are 3 major types of antiphospholipid antibodies
(APAs): LAs, anticardiolipin (aCL), and anti—f3,-glycopro-
tein-1 (anti-B,GP1) antibodies.!* While most experts believe
that patients suspected of having APS must be evaluated
for all APAs, some prefer to evaluate for LAs and aCLs or
anti-p,GP1.%%% LAs prolong clotting times by binding to
phospholipids and interfering with their ability to serve as an
essential clotting surface. Because of heterogeneous antibody
specificity, no single test is 100% sensitive; thus, 2 or more
phospholipid-based screening tests must be used to detect
LAs, often the combination of a low-concentration phospho-
lipid PTT and dilute Russell viper venom time.3! BFigure 31
shows an algorithm for detecting LAs. Enzyme-linked immu-
nosorbent assay detection of aCLs and $,GP1 antibodies is
more straightforward, but there is a lack of standardization
(ie, the same patient may have different results depending on
which commercial test is used).

The criteria for APS include a positive APA result on 2 or
more occasions at least 12 weeks apart®2 plus 1 of the follow-
ing clinical criteria: (1) arterial, venous, or small vessel throm-
bosis occurring in any tissue or organ (VTE is most common
in the extremities, followed by axillary, retinal, hepatic, and
cerebral venous sinus thrombosis); (2) unexplained fetal loss
at or beyond the 10th week of gestation; (3) birth of a mor-
phologically normal neonate before the 34th week because
of eclampsia, preeclampsia, or placental insufficiency; or (4)
3 or more unexplained consecutive spontaneous abortions

© American Society for Clinical Pathology
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associated with
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acquired protein No
S deficiency?*

Do NOT test for

Normal | Low

IMeasure free protein S antigent

protein S deficiency |No further testing neededl

at this time =2 - o ="
|Protein S activity assay* |<— Tot._al protein S ,
, antigen assay® |
Abnormal
Does the patient have Does the patient have elevated | | Does the patient have
a lupus anticoagulant (LA)? factor VIl level (>150%)? factor V Leiden?
Yes Yes Yes

PTT-based assays can falsely elevate
protein S activity. Interference occurs

PTT-based assays can
falsely reduce S activity.

with PT- and factor Xa-based assays
giving variable and unpredictable
protein S activity.

N

Evaluate again for acquired causes of protein S deficiency.
Abnormal results should be confirmed (off warfarin)
after 4-6 weeks (or after 12 weeks if the patient has an LA)
to determine the persistence of protein S deficiency before
the final diagnosis of inherited deficiency is assigned.

BFigure 20 Algorithm for the diagnosis of inherited protein S deficiency Adapted from Marlar and Gausman.3 “Causes of
acquired protein S deficiency are listed in Table 1. TThis approach decreases the chance of a low protein S level due to acquired
causes; however, it can miss the diagnosis of a qualitative type Il deficiency (<5% of cases of protein S deficiency). For that
reason, some experts begin with a protein S activity assay. *The protein S activity assay has several problems; refer to the text
for testing considerations. $Total protein S may help confirm the diagnosis and differentiate the type of protein S deficiency but
cannot be relied on as the primary assay because some hereditary and acquired deficiencies may have normal antigen levels. PT,

prothrombin time; PTT, partial thromboplastin time.

before the 10th week of gestation. VTE is the most common
manifestation of APS, and LA is the strongest risk factor for
thrombosis and pregnancy morbidity.3® Pregnancy loss is at
least 3 times more likely in women with positive aCL or LA
results.3435

Hyperhomocysteinemia

Hyperhomocysteinemia is an established risk factor for
atherosclerosis and may also be associated with an increased
risk for thrombosis.'® Acquired causes of hyperhomocys-
teinemia (eg, vitamin By, vitamin B,,, or folate deficiency;
hypothyroidism) are therefore of interest as possible treatable

© American Society for Clinical Pathology

risk factors.3® However, studies have not shown that treating
elevated homocysteine levels with vitamins will reduce the
thrombotic risk. Severe hyperhomocysteinemia caused by
cystathionine 3-synthase deficiency manifests as early arterial
and/or venous thrombosis, but it is unclear if mild (homo-
cysteine level, <30 mmol/L) or moderate (homocysteine level,
30-100 mmol/L) hyperhomocysteinemia is a thrombophilia
risk.3® Some authors suggest measuring plasma homocys-
teine levels after a 10-hour fast for primary thrombophilia
evaluation, with genetic testing if the result is more than 100
mmol/L, while most do not require fasting before measuring
homocysteine levels.1

Am J Clin Pathol 2012;137:553-560 557
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Perform 2 low-phospholipid
screening tests: PTT and dRVVT

—>| Neither test is prolonged |

| No further testing; no LA present |

| PTT prolonged I

|dRVVT prolonged*l

— Normal —
|Assay thrombin t|me|—»| PTT and/or dRVVT mixing study?’ |

Prolonged Prolonged

[Mix corrects|

[Mix does not correct |

|Add heparin neutralizerl

| Repeat PTT

No LA present;
suspect factor
deficiency(ies)

Confirmatory test
(high phospholipid)*

Normal

No LA present; no

further testing .

[ i —

:Warfarin prolongs the; | LA presents | |No LA present
dRVVT (low factors 1
1 X and Il)

Positive Negative

P —_—

BFigure 31 Algorithm for the laboratory detection of lupus anticoagulant (LA). "“Commercial dRVVT reagents are not prolonged
by heparin because they contain a heparin absorber; however, the test result may still be prolonged if the heparin concentration
in the plasma exceeds the heparin neutralizing capability of the neutralizer. TMixing study (1:1) must use patient’s platelet-poor
plasma and be incubated at 37°C to detect time- and temperature-dependent LAs. Some experts proceed to the confirmatory
step for LAs even when the mix corrects because, in recent years, it has become evident that the mixing study may falsely
correct in the presence of an LA. *LAs are confirmed by correction of the prolonged PTT or dRVVT with extra phospholipid to
determine if the inhibitor is phospholipid-dependent. Confirmatory tests to follow PTT and dRVVT are the hexagonal phase
assay (Staclot LA, Diagnostica Stago) and a dRVVT with high phospholipid concentration, respectively. *A factor VIII inhibitor
may yield the same results as LA in the PTT, including a positive Staclot LA. This distinction is essential because factor VIII
inhibitors cause bleeding (acquired hemophilia). Exclude this inhibitor by checking factor VIII activity. dRVVT, dilute Russell viper

venom time; PTT, partial thromboplastin time.

Elevated Factor VIII

Increased FVIII activity is associated with VTE risk3?
for an initial episode and for recurrence.*® The prevalence of
FVIII of more than 150 U/L is 20% to 25% in patients with
VTE, but in some patients, this is simply consistent with an
acute phase response.*! Thus, FVIII testing should be delayed
for 6 months or longer after a VTE and for at least 6 weeks
postpartum. If FVIII activity is high, retesting in 3 to 6 months
will confirm persistence.

When Should Laboratory Evaluation for
Thrombophilia Be Initiated?

Time of testing, patient age, sex, liver function, hor-
monal status, pregnhancy, and acute phase reaction are impor-
tant preanalytic variables to consider before investigating
for thrombophilia (Table 1). Timing is critical; coexistent
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ongoing or early thrombosis and/or heparin and warfarin
therapy muddy the laboratory interpretation. For example,
heparin will decrease AT, and warfarin blocks synthesis of
active PC and PS. The acute management of VTE is rarely
influenced by the immediate demonstration of a specific
defect. Thus, the laboratory investigation of thrombophilia
should be delayed for 6 months after the acute thrombosis,
and 3 to 4 weeks after discontinuation of warfarin. Kovacs
and colleagues*? argue that testing a patient during the acute
thrombotic event is practical and useful as long as the results
are interpreted appropriately and tests with abnormal results
are repeated 3 months later.

Immediate testing for certain thrombophilias is more
clearly indicated, eg, for initial heparin treatment of a patient
with LA who has VTE. The LA often prolongs the patient’s
baseline PTT; if this is not documented before starting heparin
therapy, the elevated PTT may lead to a false conclusion that
the patient’s anticoagulation is therapeutic, when in fact, it is

© American Society for Clinical Pathology



subtherapeutic. In such cases, the anti-Xa assay must guide
heparin therapy.” A second example is when patients are
suspected of having VTE due to APS; immediate detection
of an LA could require prolonged warfarin therapy to prevent
recurrence.*® In addition, a chromogenic factor X may be
informative when the international normalized ratio is thera-
peutic, to confirm that the LA is not falsely increasing it. A
third example is when hereditary AT deficiency is suspected
because of a known family history. To ensure sufficient
plasma AT to mediate effective heparin anticoagulation, AT
should be measured with the anti-Xa assay. If the AT is low,
AT concentrates allow achievement of a therapeutic anti-Xa
level. Of note, the laboratory should confirm “inherited” AT
deficiency diagnosed during an acute VTE or during heparin
therapy by remeasuring the AT when the patient is no longer
acutely ill.

Evaluation of pediatric patients for inherited thrombo-
philia has unique considerations. Pediatric reference ranges
for plasma AT, PC, and PS must be used because the age-
related differences will affect interpretation of the results.**

Treatment Implications of Thrombophilia

Thrombophilic risk factors in the absence of clinical
manifestations do not justify prophylactic anticoagulation.
For FVL, the 1% to 2% annual risk of major bleeding from
warfarin is greater than the yearly risk of thrombosis (<1%).
However, heterozygous FVL persons should be treated pro-
phylactically during exposure to hemostatic stressors (sur-
gery, pregnancy, and prolonged immobilization).*4-46 Still,
the presence of thrombophilia does not affect the type and/
or duration of VTE, as reviewed recently.*> However, the
awareness of thrombophilia should be taken into account in
decisions about long-term anticoagulation. In some people,
the risk of recurrence may be high enough to justify lifelong
prophylaxis following an initial VTE event, but large stud-
ies have not identified which, if any, thrombophilic patient
subsets are at greatest risk for recurrence. Furthermore, the
interaction of transient risk factors for hypercoagulability (eg,
pregnancy or immobilization) needs to be considered with
inherited thrombophilia. Indeed, after a first VTE, FVL and
P20210 do not confer an increased risk of VTE recurrence
when they are found in isolation; thus, lifelong anticoagula-
tion is not indicated unless other risk factors are present.*

Discussion

Despite the acute VTE and the vitamin K antagonist,
our patient had PC and PS activity levels within the refer-
ence range; had either been decreased, it would have been

© American Society for Clinical Pathology
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impossible to ascertain if these were true deficiencies (and,
thus, risk factors for recurrent VTE) or simply a consequence
of ongoing clotting/anticoagulation. The clinical pathology
consultation suggested APCR/FVL and P20210 testing and
APS studies. The patient had APCR due to heterozygous
FVL, but he did not have P20210. LA was present, but aCL
was negative (anti-p,GP1 was not measured). Since the diag-
nosis of APS requires LA confirmation at least 12 weeks after
initial diagnosis, this testing will be done at follow-up when
the patient has not been taking warfarin for 3 to 4 weeks.
Thus, the only definitive thrombophilia found was heterozy-
gous FVL.

VTE risk is compounded or even synergistic when sev-
eral individual risk factors, whether inherited or acquired, are
present.!® A single genetic or acquired risk factor does not
commonly lead to VTE. Our patient had never experienced a
VTE despite the presence of FVL until he acquired a “second
hit” of trauma/surgery/anesthesia/immobilization. This VTE
episode was clearly associated with his transient conditions.
Despite his underlying inherited predisposition to VTE, stud-
ies have not suggested a need for lifelong anticoagulation in
this subset of patients. However, he has now acquired a new
risk factor for recurrence, namely a previous VTE. In this
setting, measurement of the D-dimer level following discon-
tinuation of warfarin may assist in determining if there is a
need for prolonged anticoagulation, especially since he is now
known to have FVL.

From the Department of Pathology, University of Alabama at
Birmingham.

Address reprint requests to Dr Marques: West Pavilion,
P230G, 619 19th St South, Birmingham, AL 35249.

References

1. Spek CA, Reitsma PH. Genetic risk factors for venous
thrombosis. Mol Genet Metab. 2000;71:51-61.

2. Heit JA. Estimated annual number of incident and recurrent,
non-fatal and fatal venous thromboembolism (VTE) events

in the US [abstract]. Blood. 2005;76:267a. Abstract 910.

3. Heit JA. The epidemiology of venous thromboembolism
in the community: implications for prevention and

management. ] Thromb Thrombolysis. 2006;21:23-29.

4. Kitchens CS. Concept of hypercoagulability: a review of its

development, clinical application, and recent progress. Semin
Thromb Hemost. 1985;11:293-315.

5. Crowther MA, Kelton JG. Congenital thrombophilic states
associated with venous thrombosis: a qualitative overview

and proposed classification system. Ann Intern Med.
2003;138:128-134.

6. Deitcher SR, Caiola E, Jaffer A. Demystifying two common
genetic predispositions to venous thrombosis. Cleve Clin |

Med. 2000;67:825-826.
7. Marques MB, Fritsma GA. Quick Guide to Coagulation
Testing. 2nd ed. Washington, DC: AACC Press; 2009:64-72.

Am J Clin Pathol 2012;137:553-560 559
DOI: 10.1309/AJCP5SQT3ZKYQFBM



Ballard and Marques / LaBORATORY EVALUATION OF THROMBOPHILIA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

. Varga E. Inherited thrombophilia: key points for genetic

counseling. ] Genet Couns. 2007;16:261-277.

. Sangle NA, Smock KJ. Antiphospholipid antibody syndrome.

Arch Pathol Lab Med. 2011;135:1092-1096.

Margetic S. Diagnostic algorithm for thrombophilia
screening. Clin Chem Lab Med. 2010;48(suppl 1):S27-S39.

Khor B, Van Cott EM. Laboratory evaluation of
hypercoagulability. Clin Lab Med. 2009;29:339-366.

Middeldorp S. Evidence-based approach to thrombophilia
testing. ] Thromb Thrombolysis. 2011;31:275-281.

Favaloro EJ, McDonald D, Lippi G. Laboratory investigation
of thrombophilia: the good, the bad, and the ugly. Semin
Thromb Hemost. 2009;35:695-710.

Verhovsek M, Moffat KA, Hayward CPM. Laboratory testing
for fibrinogen abnormalities. Am ] Hematol. 2008;83:928-
931.

McMahon C, Abu-Elmagd K, Bontempo FA, et al. JAK2
V617F mutation in patients with catastrophic intra-

abdominal thromboses. Am J Clin Pathol. 2007;127:736-743.

Parker C, Omine M, Richards S, et al. Diagnosis and
management of paroxysmal nocturnal hemoglobinuria. Blood.

2005;106:3699-3709.

Van Cott EM, Soderberg BL, Laposata M. Activated protein
C resistance, the factor V Leiden mutation, and a laboratory
testing algorithm. Arch Pathol Lab Med. 2002;126:577-582.

Castoldi E, Rosing J. APC resistance: biological basis and
acquired influences. ] Thromb Haemost. 2010;8:445-453.

McGlennen RC, Key NS. Clinical and laboratory
management of the prothrombin G20210A mutation. Arch
Pathol Lab Med. 2002;126:1319-1325.

Rosendaal FR, Reitsma PH. Genetics of venous thrombosis.
J Thromb Haemost. 2009;7:301-304.

Khor B, Van Cott EM. Laboratory tests for antithrombin
deficiency. Am ] Hematol. 2010;85:947-950.

Duhl AJ, Paidas MJ, Ural SH, et al. Antithrombotic therapy
and pregnancy: consensus report and recommendations

for prevention and treatment of venous thromboembolism
and adverse pregnancy outcomes. Am J Obstet Gynecol.

2007;197:457.e1-457.¢21.

Kottke-Marchant K, Duncan A. Antithrombin deficiency:
issues in laboratory diagnosis. Arch Pathol Lab Med.
2002;126:1326-1336.

Dahlback B. Advances in understanding pathogenic
mechanisms of thrombophilic disorders. Blood. 2008;112:19-
21.

Picard V, Nowak-Gottl U, Biron-Andreani C, et al.
Molecular bases of antithrombin deficiency: twenty-two
novel mutations in the antithrombin gene [published
correction appears in Hum Mutat. 2006;27:1160]. Hum
Mutat. 2006;27:600.

Tripodi A, Franchi F, Krachmalnicoff A, et al. Asymptomatic
homozygous protein C deficiency. Acta Haematol.
1990;83:152-155.

Khor B, Van Cott EM. Laboratory tests for protein C
deficiency. Am ] Hematol. 2010;85:440-442.

Marlar RA, Potts RM, Welsh CW. Accuracy of diagnosis of

protein S deficiency by protein S activity and antigen assays.

J Clin Ligand. 2005;28:130-135.

560 AmJ Clin Pathol 2012;137:553-560

DOI: 10.1309/AJCP5SQT3ZKYQFBM

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Castoldi E, Hackeng TM. Regulation of coagulation by
protein S. Curr Opin Hematol. 2008;15:529-536.

Marlar RA, Gausman JN. Protein S abnormalities: a
diagnostic nightmare. Am J Hematol. 2011;86:418-421.

Smock KJ, Rodgers GM. Laboratory identification of lupus
anticoagulants. Am ] Hematol. 2009;84:440-442

Miyakis S, Lockshin MD, Atsumi T, et al. International
consensus statement on an update of the classification criteria
for definite antiphospholipid syndrome (APS). J Thromb
Haemost. 2006;4:295-306.

Galli M, Luciani D, Bertolini G, et al. Lupus anticoagulants
are stronger risk factors for thrombosis than anticardiolipin
antibodies in the antiphospholipid syndrome: a systematic
review of the literature. Blood. 2003;101:1827-1832.

Wu O, Robertson L, Langhorne P, et al. Oral contraceptives,
hormone replacement therapy, thrombophilias and

risk of venous thromboembolism: a systematic review:

the Thrombosis: Risk and Economic Assessment of
Thrombophilia Screening (TREATS) study. Thromb
Haemost. 2005;94:17-25.

Wu O, Robertson L, Twaddle S, et al. Screening for
thrombophilia in high-risk situations: systematic review
and cost-effectiveness analysis. The Thrombosis: Risk

and Economic Assessment of Thrombophilia Screening
(TREATS) study. Health Technol Assess. 2006;10:1-110.

Ray JG. Hyperhomocysteinemia: no longer a consideration
in the management of venous thromboembolism. Curr Opin

Pulm Med. 2008;14:369-373.

Mudd SH, Skovby F, Levy HL, et al. The natural history
of homocystinuria due to cystathionine beta-synthase
deficiency. Am ] Hum Genet. 1985;37:1-31.

Brattstrom L, Tengborn L, Lagerstedt C, et al. Plasma
homocysteine in venous thromboembolism. Haemostasis.

1991;21:51-57.

Koster T, Blann AD, Briet E, et al. Role of clotting factor
VIII in effect of von Willebrand factor on occurrence of

deep-vein thrombosis. Lancet. 1995;345:152-155.

Kraaijenhagen RA, Anker PS, Koopman MM, et al. High
plasma concentration of factor VIllc is a major risk factor for
venous thromboembolism. Thromb Haemost. 2000;83:5-9.

Benjaber K, Constans ], Cougnard A, et al. High levels
of factor VIIIc and risk of venous thrombosis: critical
analysis of case control studies [in French]. Rev Med Interne.

2003;24:366-371.

Kovacs MJ, Louzada M, Lazo-Langner A. More on: lupus
anticoagulant testing during acute thrombotic events [letter].
J Thromb Haemost. 2011;9:1682-1683.

Lim W, Crowther MA, Eikelboom JW. Management of
antiphospholipid antibody syndrome: a systematic review.
JAMA. 2006;295:1050-1057.

UAB Coagulation Service. Test interpretation & therapy.
Available at http://peir.path.uab.edu/coag/cat_index_12.
shtml. Accessed February 20, 2012.

Kaatz S, Qureshi W, Lavender RC. Venous
thromboembolism: what to do after anticoagulation is started.

Cleve Clin ] Med. 2011;78:609-618.

Slusher K. Factor V Leiden: a case study and review. Dimens
Crit Care Nurs. 2010;29:6-10.

© American Society for Clinical Pathology



