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ABSTRACT

n the mid-19th century, Virchow identified hypercoagulability as part of the triad leading to venous
hrombosis, but the specific causes of hypercoagulability remained a mystery for another century. The first
pecific cause to be identified was antithrombin III deficiency. Many other causes of thrombophilia, both
enetic and acquired, have been discovered since then. The 2 most common genetic causes of thrombo-
hilia are the Leiden mutation of factor V and the G20210A mutation of prothrombin. The most common
cquired cause is antiphospholipid syndrome. These factors increase the relative risk of an initial episode
f venous thromboembolism (VTE) by a factor of 2 to 10, but the actual risk remains relatively modest.
herefore, thrombophilia screening to prevent initial episodes of VTE is not indicated, except possibly in
omen with a family history of idiopathic VTE who are considering oral contraceptive therapy. Some
hysicians screen for thrombophilia to aid decision making concerning the duration of anticoagulant
herapy. However, several studies have demonstrated that, with the exception of antiphospholipid syn-
rome, thrombophilia does not significantly increase the risk of recurrent VTE. On the other hand,
diopathic VTE significantly increases the risk of recurrence in patients with or without thrombophilia.
 2008 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2008) 121, 458-463

KEYWORDS: Hypercoagulability; Idiopathic venous thromboembolism; Provoked venous thromboembolism;
Recurrent venous thromboembolism; Thrombophilia
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ypercoagulability, stasis, and venous trauma comprise the
riad that leads to venous thrombosis. Although hyperco-
gulability was first implicated in venous thrombosis by
irchow in 1856,1 its causes remained unknown until the
id-20th century.

AUSES OF THROMBOPHILIA

eficiency of Naturally Occurring Coagulation
nhibitors
he first specific cause of thrombophilia (the propensity to
evelop thrombosis because of abnormalities in coagula-
ion) was described in 1965 by Egeberg.2 He found that
hrombophilia could be caused by a deficiency of antithrom-
in III, a naturally occurring protein that inhibits the coag-
lation cascade2 by inactivating procoagulant factors.3 An-
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PH, University of Arizona, 1840 E River Road, Suite 120, Tucson, AZ

5718.

K: jamesdalen@yahoo.com

ront matter © 2008 Elsevier Inc. All rights reserved.
ed.2007.10.042
ithrombin III deficiency is an autosomal dominant trait
ound in less than 1% of the population.

Deficiencies in 2 other naturally occurring coagulation
nhibitors also are known to cause thrombophilia. These
nhibitors are protein C, which inactivates procoagulant
actors Va and VIIIa,4 and protein S,5 which may be de-
reased by pregnancy and oral contraceptive agents.3 These
eficiencies are rare, also occurring in less than 1% of the
opulation (Table 1).3

Coagulation inhibitor deficiencies are present in approx-
mately 2.5% to 5% of all episodes of venous thromboem-
olism (VTE),6,7 but their rarity has prevented quantitation
f their effects on the relative risk (RR) of an initial throm-
oembolic episode. In studies of antithrombin III-, protein
-, or protein S-deficient relatives of patients who had an

nitial episode of VTE, Brouwer et al8 found an increased
isk of thromboembolism (RR � 16-18), whereas van Vli-
men et al9 found that the risk of thromboembolism was not
ncreased unless the relatives took oral contraceptive agents.

In a study of 474 patients with an initial episode of VTE,

oster et al10 found that antithrombin III or protein S
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459Dalen Indications for Thrombophilia Screening
eficiency did not pose a significantly increased risk of
TE, whereas protein C deficiency did increase risk (RR �
.5, 95% confidence interval [CI], 1.8-24).10 In another
tudy of patients with an initial episode of VTE and an
ntithrombin III, protein C, or protein S deficiency, van
lijmen et al9 found that those
atients who were taking oral con-
raceptive agents had an increased
isk of VTE (RR � 9.7), as shown
n Table 2. They advised that pa-
ients with coagulation inhibitor
eficiencies should not take oral
ontraceptive agents.9

bnormal Functions of
aturally Occurring
oagulants
ther dysfunctions in the coagu-

ation cascade also can cause
hrombosis.11 The most common
f these dysfunctions is resistance
o activated protein C. Rarely,
uch resistance can result from
regnancy, oral contraceptive use,
r cancer,12 but in most cases it is
aused by the Leiden mutation of
actor V.13

Factor V Leiden, which was first described in 1994,14 is
he most common genetic risk factor for VTE. Its preva-
ence varies in different populations, averaging 2% to 10%
or the heterozygous form15,16 and 1.5% for the homozy-
ous form.17 Heterogeneous factor V Leiden is present in
pproximately 20% of patients with a first thromboembo-
ism (Table 1)6,7 and is homozygous in 2% of these
atients.6

Factor V Leiden increases the risk of an initial VTE. For
he heterozygotic and homozygotic forms of factor V Lei-

CLINICAL SIGNIF

● The presence of
than the antiph
has a minor impa
rent VTE.

● Recurrent VTE i
quent in patien
than in those wi

● Idiopathic VTE i
recurrent VTE t
thrombophilia.

● There are few c
thrombophilia sc

Table 1 Prevalence of Thrombophilic States in Patients with
Initial Venous Thromboembolism

hrombophilia
Controls, %
(Ref. No.)

Patients, %
(Ref. No.)

ntithrombin III deficiency �1 (11,12)
rotein C deficiency �1 (10,12) 2.5-5 (6,7)
rotein S deficiency Uncertain
VL, heterozygous 2-10 (15,16) 20 (6,7)
VL, homozygous 1.5 (17) 2 (6)
rothrombin G20210A 1-3 (11,12) 9 (6,7,11)
omocystinemia 5-10 (17) 18 (7)
ntiphospholipid syndrome 1-7 (12,24) 13 (25)
levated factor VIII 10 (11) 20-45 (6,7,27)
levated factor IX 10 (11) 18-26 (6,7)
levated factor XI 10 (11) 18 (7)
levated fibrinogen 10 (11) 18 (7)
FVL � factor V Leiden.
en, the RR is 3 to 10 and 79, respectively (Table 2).12,16,17

he risk also increases significantly during pregnancy and
ith oral contraceptive use or hormone replacement therapy

Table 2).12,18

Hypercoagulability also can be caused by the pro-
thrombin mutation G20210A.
This autosomal dominant mutation,
which was first described in 1996,19

increases the plasma prothrombin
concentration and the risk of an ini-
tial VTE (RR � 2�5).16,20 Its prev-
alence in the general population
varies in different ethnic groups, av-
eraging 1% to 5%,11,12 but its aver-
age prevalence in multiple reports
of patients with an initial VTE6,7,11

is 9% (Table 1). The risk doubles
when factor V Leiden also is
present11 and increases approxi-
mately 4-fold (RR � �16) when
combined with oral contraceptive
use (Table 2).12

Hyperhomocysteinemia
An elevated level of homocysteine
(hyperhomocysteinemia) increases

he risk of venous and arterial thrombosis.21 This condition is
eritable but also can be caused by a deficiency of folate,
itamin B6, or vitamin B12. Its prevalence is 5% to 10%12,17 in
he general population and 18% in patients with an initial
TE.7 Hyperhomocysteinemia is thought to double the risk of

n initial episode (RR � 2.5).17

In a randomized clinical trial, patients with known car-
iovascular disease were treated with folic acid, vitamin B6,
nd vitamin B12. This treatment decreased serum homocys-
eine levels by 18% compared with placebo,22 but did not

CE

mbophilia (other
olipid syndrome)
the rate of recur-

rly twice as fre-
th idiopathic VTE
ovoked VTE.

etter predictor of
the presence of

l indications for
ng.

Table 2 Relative Risk of Initial Venous Thromboembolism

ondition Relative Risk Reference No.

ral contraceptive use 2-4 18,20
yperhomocysteinemia 2.5 17
VL, heterozygous 3-10 16,17,20
VL, heterozygous � HRT 15 12
VL, heterozygous � OCA 30-40 18,20
VL, heterozygous � pregnancy 35 12
VL, homozygous 79 17
VL, homozygous � OCA 100 18
rothrombin G20210A mutation 1-5 16,20
rothrombin G20210A �FVL 6-10 11
rothrombin G20210A � OCA 16 12
rotein C or S or ATIII
Deficiency � OCA

9.7 9

FVL � factor V Leiden mutation; HRT � hormone replacement ther-
apy; OCA � oral contraceptive agent; ATIII � antithrombin III
ICAN
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ffect the subsequent incidence of VTE in the total treat-
ent group or in those with the highest baseline homocys-

eine levels.
A similar randomized clinical trial23 examined patients

ith a first episode of idiopathic VTE (ie, without known
isk factors of recent surgery, pregnancy, oral contraceptive
se, cancer, trauma, or immobility). In patients with homo-
ysteine levels greater than the 75th percentile (n � 360),
reatment with folic acid and vitamins B6 and B12 decreased
omocysteine levels by 46% compared with placebo. How-
ver, the rate of recurrence was unaffected over 2.5 years of
ollow-up.23

ntiphospholipid Syndrome
ntiphospholipid syndrome is the most common acquired

ause of thrombophilia. It is characterized by the presence
f antiphospholipid antibodies, such as lupus anticoagulant
ntibodies or anticardiolipin antibodies.24 This syndrome is
sually secondary to cancer or an autoimmune disease, such
s systemic lupus erythematosus, Sjögren’s syndrome, or
heumatoid arthritis, but it also occurs as a primary syn-
rome. It may cause venous or arterial thrombosis, throm-
ocytopenia, recurrent fetal loss, or acute ischemic
ncephalopathy.24

Schulman et al25 found anticardiolipin antibodies in 13%
f 897 patients with a first VTE. The antibody increased the
isk of recurrence (RR � 2.5) and the 4-year mortality rate;
n those with or without anticardiolipin antibodies the
-year mortality rates were 6% and 15%, respectively.

Of patients with active systemic lupus erythematosus,
5% to 34% have lupus anticoagulant antibodies and 12%
o 30% have anticardiolipin antibodies. Thrombosis occurs
n 30% to 50% of patients with lupus with circulating
ntiphospholipid antibodies. These antibodies are detected
n 1% to 7% of healthy controls12,24 and do not require
herapy in the absence of a history of venous or arterial
mbolism. If thrombosis has occurred, lifelong therapy with
arfarin is recommended.26

levated Levels of Naturally Occurring
oagulation Factors
ypercoagulability also can be caused by elevated concen-

rations of coagulation factors VIII, IX, or XI, or fibrino-
en.3 Whether the elevation of these levels is acquired or
enetic in origin is uncertain. Elevated levels of these fac-
ors are found in approximately 20% of patients with an
nitial VTE.7 In patients whose initial episode was idio-
athic (n � 360), Kyrle et al27 found that a factor VIII level
reater than the 90th percentile significantly increased the
isk of recurrence compared with a factor VIII level less
han the 90th percentile (RR � 6.7). Elevation of factor VIII
lso is seen in cancer, inflammatory disorders, and pregnancy.3

he risks associated with increased levels of factor IX, factor

I, or fibrinogen are not well established. b
LINICAL IMPLICATIONS

revention of Primary Venous
hromboembolism Through Thrombophilia
creening
hrombophilia screening to facilitate primary prevention of
TE is a reasonable consideration only for women who are

bout to begin using oral contraceptives. The substantially
ncreased risk of primary thromboembolism in women with
eficiencies in protein C, protein S, or antithrombin III who
ake oral contraceptive agents is well documented, leading
an Vlijmen et al9 to recommended that women with these
eficiencies should not take oral contraceptive agents.

Should all women be screened for thrombophilia before
eceiving oral contraceptives? A 10-fold increase in the rate
f VTE amounts to only 3 cases per 1000 people per year.
iven the fact that thrombophilia screening can cost well
ore than $1000, the cost-effectiveness of this screening is

ncertain.
Others have suggested that only women who have a

amily history of thromboembolism should be screened be-
ore receiving oral contraceptives.6,28 However, the value of
uch a family history has been questioned. Legnani et al20

eported that a family history of VTE had a positive-pre-
ictive value of only 20% for an inherited thrombophilia.20

Legnani et al20 and Santamaria et al29 recommend that
omen should be informed that the risk of thrombosis
uring oral contraceptive therapy is increased significantly
n those who carry thrombophilic conditions. Given this
nformation, women can decide if they want to be screened
efore receiving oral contraceptives.

revention of Secondary Venous
hromboembolism Through Thrombophilia
creening
he recurrence rate of VTE after 3 to 6 months of therapy

s substantial. Christiansen et al7 reported a rate of 2.6% per
ear, increasing to an average of 12.4% after 5 years in
atients aged less than 70 years without cancer. Hansson et
l30 reported recurrence rates of 7.0% and 12.1% at 1 and 2
ears, respectively. Prandoni et al31 reported a recurrence
ate of 17.5% at 2 years.

The percentage of VTE patients whose initial episode is
diopathic is surprisingly high, as shown in Table 3. In each
f 3 series of patients without cancer, more than one half of
he VTE episodes were idiopathic.6,7,27 Because the recur-
ence rate is higher for the idiopathic disease than for the
rovoked disease,15,30,31,32 some investigators recommend
hat such patients undergo thrombophilia screening.12,17

owever, given the prevalence of idiopathic VTE, screen-
ng all such patients would be expensive.

Whether idiopathic VTE is an accurate marker for the
resence of thrombophilia is questionable. In the series
eported by Baglin et al,32 32% of 157 patients with idio-
athic VTE had 1 or more heritable thrombophilic defects,

ut so did 26% of 330 patients with risk factors for VTE.
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isk of Venous Thromboembolism Recurrence
n Patients with Thrombophilia
hristiansen et al,7 Baglin et al,32 and de Stefano et al33 did

ollow-up studies to determine the rate of recurrence of
TE. Ho et al15 reviewed these 3 reports and 10 additional

eports (Table 4), all of which included patients with idio-
athic or provoked episodes of VTE.

Baglin et al32 and Christiansen et al,7 after 2- and 7-year
ollow-ups, respectively, reported a small, nonsignificant
ncrease in the risk of recurrence in patients with factor V
eiden (Table 4), and de Stefano et al33 found that factor V
eiden did not affect the risk of recurrence. However, in the
ombined series (n � 663), the increase was small but
tatistically significant (RR � 1.4, 95% CI, 1.1-1.8).15

Table 3 Initial Episodes of Venous Thromboembolism:
Percent Idiopathic

eport

No. of
Cases
VTE Exclusions Idiopathic

yrle et al27 608 Cancer 59%
hristiansen et al7 474 Cancer, age � 70 y 55%
ron et al6 1969 Cancer; lupus; deficiency

of protein C, protein
S, or ATIII

76%

ATIII � antithrombin III; VTE � venous thromboembolism.

Table 4 Relative Risk of Recurrent Venous Thromboembolism

ondition Reference

VL, heterozygous Ho et al15

Christiansen et al7

de Stefano et al33

Baglin et al32

rothrombin G20210A Ho et al15

Christiansen et al7

Baglin et al32

rotein C deficiency Baglin et al32

rotein S deficiency Baglin et al32

TIII deficiency Baglin et al32

roteins C and S �ATIII deficiency Christiansen et al7

levated homocysteine Christiansen et al7

levated factor VIII Christiansen7

Kyrle et al27

levated factor IX Christiansen et al7

levated factor I XI Christiansen et al7

levated fibrinogen Christiansen et al7

ntiphospholipid syndrome Shulman et al25

Abnormality Christiansen et al7

Baglin et al32

2 Abnormalities Christiansen et al7

VL� prothrombin G20210A de Stefano et al33

CI � confidence interval; FVL � factor V Leiden; ATIII � antithromb

*P � .05.
Both Baglin et al32 and Christiansen et al7 reported an
nsignificant increase in recurrence in patients with pro-
hrombin G20210A, whereas the combined series of Ho
t al15 demonstrated a small but statistically significant
ncrease (RR � 1.7, CI, 1.3-2.3). It is striking that patients
ith the factor V or prothrombin mutations have a smaller

isk of having a second thromboembolism than of having an
nitial one.

The data on anticoagulant deficiencies are less extensive.
aglin et al32 and Christiansen et al7 reported that deficien-
ies in protein C or S or antithrombin III had insignificant
ffects on the risk of recurrent VTE. In contrast, these
eficiencies are associated with a significant increase in the
isk of an initial episode.8,9

Christiansen et al7 did not find an increased risk of
ecurrence in patients with hyperhomocysteinemia or ele-
ated factor VIII, IX, or XI levels. However, in patients
bove the 90th percentile for factor VIII levels, Kyrle et al27

ound a significant increase in risk (RR � 6.6, CI, 2.4-18.4).
hristiansen et al7 found a marginally significant increase in

isk with elevated fibrinogen (RR � 1.7, CI, 1.1-2.8).
Further evidence of the small impact of inherited throm-

ophilia on the risk of recurrent VTE is the finding that
resence of a single thrombophilic factor confers only a
tatistically insignificant increase in risk (RR � 1.2 and 1.5
ccording to Christiansen et al7 and Baglin et al,32 respec-
ively). In patients with 2 or more thrombophilias, risk
ncreases modestly (RR � 1.2).7,33 On the other hand,

No. of Cases Follow-Up (y) Relative Risk (CI)

663 1-8 *1.4 (1.1-1.8)
92 7.3 1.3

112 1.1
77 2 1.4

283 1-8 *1.7 (1.3-2.3)
29 �7 0.7
20 2 1.7
5 2 1.8

27 2 1.0
8 2 2.6

25 �7 1.8
83 �7 0.9

110 �7 1.3
36 �2 *6.6 (2.4-18.4)
86 �7 1.2
92 �7 0.6
87 �7 *1.7 (1.1-2.8)

116 4 *2.5
319 �7 1.2
137 2 1.5

�7 *1.6 (1.0-2.7)
17 *2.7 (1.4-5.0)
in III.
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ntiphospholipid syndrome with circulating anticardiolipin
ntibodies definitely increases the risk of recurrence.25,26

mplications for Thrombophilia Screening
hristiansen et al7 concluded that “. . . extensive, if any,

hrombophilic work-up after a first thrombotic event is not
ikely to confer a clinical benefit on the patient.” Baglin
t al32 were equally pessimistic, stating that “. . . in
nselected patients presenting with a first episode of venous
hromboembolism, testing for heritable thrombophilia does
ot allow prediction of a new event during the highest risk
eriod—that is, for the first 2 years after anticoagulant
herapy is stopped.” Finally, in referring to the factor V and
rothrombin mutations, Ho et al15 concluded that the data
. . . call into question the cost-effectiveness of routine test-
ng for these common inherited thrombophilic polymor-
hisms among patients with a first episode of venous
hromboembolism.”

The only thrombophilic states that seem to have a sig-
ificant impact on the risk of recurrence of VTE are anti-
ardiolipin antibodies, high levels of factor VIII (in 1 re-
ort),27 and the presence of 2 or more thrombophilic
efects. Anticardiolipin antibodies should be assessed in
atients with clinical characteristics consistent with an-
iphospholipid syndrome.

Routine testing of patients with idiopathic VTE in search
f those with multiple thrombophilic defects would rarely
e productive, because the incidence of patients with more
han 1 defect is low (2.7% in the studies of both de Ste-
ano33 [n � 624] and Legnani20 [n � 301]) and the increase
n risk is modest.7,33

mplications for Vitamin K Antagonist
herapy
ecause thrombophilic patients have a modestly increased

isk of recurrent VTE,6,7,15,32,33 routine thrombophilia
creening to determine the appropriate length of warfarin
herapy is not warranted. For patients with an initial throm-
oembolism, the risk of recurrent VTE is greater if the
pisode was idiopathic than if it occurred with thrombo-
hilia. As shown in Table 5, the rate of recurrence in
atients with thrombophilia (2.5%) was the same as in the

Table 5 Incidence of Recurrent Venous Thromboembolism

atient Group Recurrence of VTE per Year
otal group 2.6%
ith 1 thrombophilia 2.5%

nitial VTE provoked 1.8%
nitial VTE idiopathic 3.3%
diopathic with thrombophilia 3.4%
diopathic without thrombophilia 3.2%

VTE � venous thromboembolism.
Data from Christiansen et al.7
Total group � 474 patients with a first episode of VTE.
otal group (2.6%), but the rate of recurrence in patients
ith idiopathic VTE (3.3%) was almost double that in
atients with provoked VTE (1.8%). In patients with idio-
athic thromboembolism, thrombophilia did not further in-
rease the rate of recurrence.7

Similar findings were reported by Baglin et al.32 For
atients with an initial episode of idiopathic (n � 193) or
rovoked (n � 377) VTE, the 2-year recurrence rates were
9.4% and 6.6%, respectively. Again, thrombophilia did not
ignificantly increase the rate of recurrence (RR � 1.5, 95%
I, 0.82-2.77).32

Patients with unprovoked VTE who have persistent D-
imer elevation after completion of anticoagulant therapy
re at increased risk of recurrence. Palareti et al34 reported
hat after completion of at least 3 months of vitamin K
ntagonist therapy, patients with normal or abnormal D-
imer levels had 1-year recurrence rates of 4.4% and 10.9%,
espectively. After a year of treatment, 1-year recurrence in
hose with elevated D-dimer levels was 2.0%.34

The findings of Christiansen et al,7 Baglin et al,32 and
alareti et al34 suggest that rather than screening all patients
ith idiopathic VTE, it is more appropriate to lengthen their

ourse of treatment. A suggested approach to determining
he duration of warfarin therapy without the aid of throm-
ophilia screening is shown in Table 6. This approach
iffers from that proposed by the 2004 American College of
hest Physicians’ Conference on Antithrombotic and
hrombolytic Therapy26 in that it recommends that patients
ith idiopathic VTE be treated for 12 months, regardless of

hrombophilic status.
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