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The clinical management of individuals with hereditary bution of thrombophilic disorders to risk of thrombotic

hypercoaguable disorders has evolved from initial complications of pregnancy, organ transplantation,
broad recommendations of lifelong anticoagulation central venous catheter and dialysis access place-

after first event of venous thromboembolism to a ment have been increasingly recognized. The risk of
more intricate individualized risk-benefit analysis as thrombosis must be weighed against risk of long-term
studies have begun to delineate the complexity of anticoagulation in patients with venous thrombo-
interactions of acquired and hereditary factors which embolism.Thrombophilia screening in select popula-
determine the predilection to thrombosis.The contri- tions may enhance outcome.

Initial Decisions anticoagulation has been completed. (For review*sge

The clinical management of individuals with hereditarydentifying the individual with moderate to high risk of
hypercoagulable disorders has evolved from initial broagcurrent thrombosis is important to prevent the unneces-
recommendations of lifelong anticoagulation after firssary risk of hemorrhage from long-term anticoagulation.
event of venous thromboembolism (VTE) to a more intriFrom studies of patients with a first VTE (both with and
cate, individualized risk-benefit analysis as the complexvithout diagnosed hereditary thrombophilia), one third of
ity of interactions of acquired and hereditary factors thatatients with unprovoked VTE will have a reoccurrence
determine the predilection to thrombosis are now recogver the next 10 years and 6% of patients with VTE de-
nized. Important behind stratifying risk of recurrent eventgelop postphlebitic syndronté.Among patients with un-

is the necessity of correctly identifying hereditary thromboprovoked deep venous thrombosis (DVT), up to 50% have
philic disorders, especially in circumstances in which laban underlying thrombophilic defect. Depending on the type
ratory results, e.g., mildly low antithrombin III (ATIIIl) or of thrombophilic risk factor and the population studied,
protein S levels, may be more indicative of a temporanysk of a first thrombotic episode is anywhere from 2 to 11
acquired deficiency. The relevance of thrombophilic testwith overall risk 1.78 (95% CI 1.04-3.66). Patients with
ing is debated, but most clinicians agree that prothromboficotein C, S and ATIII deficiencies and patients with lupus
assessment should be considered in individuals with uanticoagulants have an intermediate relative risk for a first
provoked thrombosis at age less than 40 years, individug&gisode of DVT, and individuals with more than one he-
who have had thrombosis at an unusual anatomic site reditary prothrombotic risk factor have the highest #$k.
who have had repeated thromboses, or when the famiyevated factor VIl levels are associated with a 6- to 11-
history suggests multiple affected individuals. For revieviold higher risk of recurrent VTE, hyperhomocysteinemia
of the labwatory assessment of thrombophilia see referencas3-fold increased risk of recurrence, and APS (APS) a 2- to
13, The following discussion is not meant to be compred-fold increased risk. Individuals with either heterozygos-
hensive, but serves to highlight a few of the clinical marity for factor V Leiden (FVL) or prothrombin G20210A
agement decisions important in the care of thkave alower recurrence with OR 1.4. In other studies, pa-
thrombophilic patient. Therapeutic considerations involvtients who were heterozygous for the prothrombin or factor
ing individuals with antiphospholipid syndrome (APS) willVV gene mutations or homozygous carriers of MTHFR were

be included where pertinent. not at higher risk for further venous thrombotic complica-
tions than patients with idiopathic DVT.
Duration of anticoagulant therapy Continuing anticoagulation is highly effective in re-

The decision to extend therapy beyond 6-12 months aftducing recurrence; however, there is a continued risk of
an incident thrombotic event must be made on an indserious hemorrhage while on anticoagulants even at re-
vidual basis. Patients with a transient risk factor such asiced intensity levels of INR 1.5-1.9. In the ELATE trial,
oral contraceptive use, postsurgical state or limb immohieduced-intensity warfarin was possibly less effective in pre-
lization have a low risk of recurrence of thrombosis onceenting recurrence compared to standard-intensity warfarin
(1.9% vs. 0.9% recurrence), while the risk of bleeding ap-
proached that of standard therapy (1.1% vs. 0!9&x3tend-
Correspondence: Paula Bockenstedt, MD, University of ing anticoagulant therapy for VTE from 3 to 12 months only
Michican, 200 Barton N Drive, Ann Arbor M1 48105; Phone  delayed the time at which recurrence occurred following ces-
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Current American College of Chest Physician (ACCP$pecial Management Considerations in the

guideline$* suggest that individuals with previous VTE inThrombophilic Patient

association with ATIII deficiency, homozygous thrombo-

philic defect or heterozygosity for two or more pro-Thrombophilia, oral contraceptives,

thrombotic defects merit indefinite anticoagulattbiror and hormone replacement therapy

individuals with a single thrombophilic defect such as FVLCombination estrogen and progesterone oral contracep-

PT G20210A or high factor VIl levels, a 6- to12-monthtives are a well-recognized risk factor for VTE, particularly

duration of therapy with target INR 2-3 is suggested. Indin women with thrombophili& The degree of risk is to

viduals with an intermediate risk abnormality such as pr@ome extent associated with the dose of estrogen and the

tein C or S deficiency with significant family history oftype of progestagen, with third-generation progestagens

thrombosis may benefit from more extended anticoagulheing more thrombogenic than second generation formu-

tion. Individuals with thrombosis at unusual sites such adations®2 In the TREATS study, significant associations

intracranial venous sinus, mesentery, portal vein or renal veirere found between FVL (OR 15.62), ATIlI deficiency (OR

should be considered for indefinite anticoagulation as tHe.60), protein C or protein S deficiencies (OR 6.33 and

consequences of rethrombosis may be life threatening. 4.88, respectively) and elevated factor VIl levels (OR
8.80)2 Significant associations with hormone replacement

Clinical predictors of recurrence therapy and FVL were also found. Although not completely

In general, first-time thrombotic events associated with&ithout risk, progesterone-only oral contraceptives, Depo

transient risk factor such as surgery have a relatively lo®rovera, and intra-uterine devices may be options for

risk of recurrence. Recent studies have focused on definimpmen with thrombophilia wishing to avoid pregnancy

additional laboratory or clinical predictors of recurrencesince pregnancy itself carries a 6-fold risk of thrombosis.

Presence of residual thrombosis on repeat Doppler ulti@ecently, the contribution of hereditary thrombophilia,

sound or persistence of elevated D-dimer levels followingarticularly FVL, to ischemic stroke in the setting of OCP

cessation of anticoagulation have all been shown to bewufe has been showh.

some value in prediction of recurrerieddowever, when

considering long-term anticoagulation for the individualThrombophilia and pregnancy

with hereditary predilection to thrombosis, non-hereditaryhrombophilia may play a significant role in gestational

factors that increase risk for thrombosis such as age, obesyscular complications as well as recurrent fetal 1%s.

cancer, or congestive heart failure must also be considere8tudies thus far have focused on the association of throm-
bophilia with pre-eclampsia, intrauterine growth retarda-

Residual venous thrombosis tion, recurrent miscarriage and venous thromboembolism

Prospective studies have shown that 40% of all patierdsring pregnancy and the puerperium.

with symptomatic DVT have residual thrombus on follow

up studies 1 year later. Normalization of vascular studi€¥e-eclampsia and intrauterine growth retardation (IUGR)

occurs in 73.8% of individuals by 3 years without signifi-Several studies have demonstrated an association between

cant differences between patients with or without thrombgevere, early pre-eclampsia and FVL, MTHFR (C677T)

philic defects® The hazard ratio for recurrent VTE was 2.Shomozygosity, elevated plasma homocysteine, deficien-

(95% CI 1.6-5.2) for patients with residual thrombosis onies of protein C, S and ATIIl as well as antiphospholipid

Doppler ultrasound. antibodies (APLAS). In a large meta-analysis by Lin #t al
of 31 studies with 7522 patients, the ORs for association of
D-dimer levels FVL, PT G20210A, and homozygous MTHFR (C677T) with

The presence of continued elevation in D-dimer levels fosevere eclampsia were 2.24, 1.98 and 1.38, respectively.

lowing cessation of anticoagulation suggests ongoing suBtudies have provided contradictory results for the risk of

clinical thrombosis. In a study of 599 patients, elevated DUJGR in pregnancies in women with thromboph#ia.

dimer levels were found in 37% of individuals after disThrombophilia was found in 61.4% of patients with [IUGR

continuing anticoagulatioH.The probability of recurrence with higher prevalence of PT G20210A and MTHFR

2 years later was the highest (18%) in those patients wiii677T) in women with severe IUGR.

unprovoked DVT. In the PREVENT study, presence of a d-

dimer level of greater than 500 ng/mL 7 weeks post cesdRecurrent fetal loss

tion of anticoagulation was associated with a 2-fold risk dRecurrent fetal loss is common in reproductive-age women

recurrence. Risk of recurrence was greatest for individuaigth 1-2% of women experiencing 3 or more losses and 5%

with inherited thrombophilia, odds ratio (OR) 5.9 (95% CExperiencing 2 or more losses. Antiphospholipid syndrome

1.5-23.7). (APS) is clearly associated with recurrent fetal loss. Treat-
ment with aspirin and low-dose heparin or LMWH has been
shown to be beneficidt.ln a meta-analysis by Rey et4l,
FVL was associated with both early, OR 2 (95% CI 1.18-
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1.5), and late, OR 7.8 (95% CI 2.8-21.6), fetal loss. PGmmended!*2In all other thrombophilic patients without
G20210A was also associated with preterm loss with Oftior event, active surveillance or prophylactic LMWH or
14.7 (95% CI1 0.99-218). In the NOHA prospective study ahini-dose UFH is recommended. For patients with heredi-
firstintended pregnancy, FVL and PT G20210A were indeary thrombophilia and with a single previous VTE, espe-
pendent risk factors for spontaneous abortion from the 10tfally if idiopathic or in association with oral contracep-
week of gestation on in Caucasian women with OR 3.4&es, active prophylaxis with LMWH or UFH is recom-
and 2.6, respectivef§. A meta-analysis of 16 studies for mended followed by postpartum prophylaxis. For patients
FVL and 7 studies of PT G20210A concluded that thensith two or more episodes of VTE who are on long-term
was a 2-fold increased risk of recurrent pregnancy loss amticoagulation prior to pregnancy, adjusted-dose UFH or
carriers of factor V Leiden or R$20210A!*2°Hyperhomo- adjusted-dose LMWH is recommended followed by resump-
cysteinemia has also been associated with pregnancy logsas of long-term anticoagulant therapy postpartum.
(OR 4.1, 95% CI 1.3-12.5).Patients with more than one
thrombophilic defect have the highest risk for late-term stilWascular access thrombosis
birth (OR 14.3, 95% ClI 2.4-86).

Thus, thrombophilia screening and assessment f@entral venous access
antiphospholipid antibodies (APAs) are recommended imherited thrombophilia is a contributing factor to symp-
women with 3 or more pregnancy losses and/or severe tematic central venous catheter (CVC) thromb#sisin a
current pre-eclampsia or abrupti@rizor pregnant patients prospective study of 252 patients with CVCs for a variety
with APLAs with or without previous VTE or pregnancy of indications the cumulative risk of catheter-related throm-
complications, or with congenital thrombophilia with priorbosis was 30%, of which 7% were symptomatic. For indi-
pregnancy complication, antepartum aspirin and full-doseduals with FVL the relative risk is 2.7-7.7 (95% CI 1.9-
or prophylactic unfractionated heparin (UFH) or LMWH3.8) and 2.7 for individuals with PT G20210A. For indi-
should be considered. For women who are homozygous faduals with elevated factor VIII levels greater than 290
MTHFR C677T, folic acid supplementation prior to andU/dL the relative risk was 1.6 (95% CI, 1.0-2°5).

during pregnancy is recommended. CVCs are frequently used during chemotherapy for
malignancy and catheter-related thrombosis in the setting
Thrombosis during pregnancy of metastatic liver disease where thrombocytopenia and

Pregnancy and the puerperium are recognized hypercoagoer performance status results in difficult management
lable states. Seventy percent of DVTs in pregnancy are decisions. The contribution of hereditary thrombophilia to
iofemoral with 80% presenting on the left side. The prevdhe multifactorial hypercoagulability of malignancy was
lence of FVL and PT G20210A mutations are increased imderscored in the MEGA study of 179 consecutive pa-
patients with thromboembolism during pregnancy or thients presenting with upper extremity thrombosis and 2399
puerperiunt? Presence of FVL and PT G20210A mutationsontrol subject8! Individuals with a prothrombotic muta-
account for up to 20% and 17% of VTE in pregnancy, rgion (FVL or PT G20210A) and no malignancy had an OR
spectively. VTE was observed in 6.4% of FVL heterozyef 2.7 (95% CI 1.6-4.7% Individuals with malignancy but
gotes and 16.7% of homozygotes compared with only 1.2&6 hereditary thrombophilia had an OR of 12.6 (5.4-29.4)
of 215 women without the FVL mutation. Thromboemboeompared with noncarriers without malignancy. Patients
lic events were independent of the type of delivery or triwith both a prothrombotic mutation and cancer had an OR
mester. A family higiry of thrombosis is also an importantof 117.1 (95% CI 17.4-1806.1) or a 20-fold increased risk
factor in predicting VTE during pregnancy. A family historyof venous thrombosis compared with noncarriers with can-
of thrombosis was observed in 14-43% of FVL individualser. When patients with a CVC were included, cancer pa-
experiencing thrombosis during pregnancy and in 32% tients with a prothrombotic mutation had a 6-fold increased
patients with thrombosis who did not have FVL. Thromborisk of venous thrombosis compared with noncarriers with
philia screening of women with prior VTE may aid in detereancer (95% CI 0.6-62.8).Prophylactic anticoagulation
mining benefit of prophylactic anticoagulation during pregef CVCs is still debated, with earlier studies showing a
nancy. In one study, withholding prophylactic anticoagulasenefit in cancer patients, but with subsequent studies fail-
tion during pregnancy was associated with 0% recurrenoey to demonstrate a benéfit.
antenatally in women with secondary VTE and no
thrombophilic defects, 7.7% recurrence in women with idio-lemodialysis vascular access thrombosis
pathic VTE, 13% in women with thrombophilia and second-lemodialysis vascular access thrombosis is a frequent cause
ary VTE and 20% recurrence in women with thrombophiliaf morbidity in the dialysis patient. Most episodes of throm-
and idiopathic VTE?® bosis are due to anatomic factors such as access stenosis
In general, in women with ATl deficiency, or who areand fiboromuscular and intimal hyperplasia. Several studies
compound heterozygotes for PT G20210A or FVL, or hdhave reported associations between hereditary hypercoagu-
mozygous for FVL or PT G20210A who have had no pridiable disorders, elevated homocysteine levels and anti-
VTE, active prophylaxis with UF heparin or LMWH is rec-phospholipid antibodies and increased frequency of ac-

446 American Society of Hematology



cess thrombosi8.In a small retrospective series by LeSanificantly reduced median graft survival of 65.9 months
et af® 42% of 67 thrombotic events reviewed were assoctompared with 149 months in the normal genotype. In a
ated with thrombophilic disorders without an identifiedollow-up study of 394 FVL carriers undergoing renal trans-
anatomic vascular stenosis and an additional 19% of eveptant, FVL carriers were significantly more likely to de-
were associated with thrombophilia in the presence of vagelop chronic graft dysfunction with higher annual increase
cular stenosis. Presence of a lupus anticoagulant was foumdhe rate of urine protein excretion.

in 16.5% of 97 patients with end-stage renal disease and Information on the effects of hereditary deficiencies of
was associated with a higher frequency of access thromlpwetein C, protein S and ATIII or elevation of factor VIII on
sis (62% vs 26%¥. Thrombophilic risk factors were mod- thromboaosis in the renal transplant patient is sparse. Tempo-
erately associated with access thrombosis (OR < 3) inray acquired deficiencies in these factors may contribute
case control study by Knoll.FVL, elevated factor VIII to the thrombotic risk in renal transplantation. Factor VIII
levels, elevated homocysteine and elevated lipoprotein (ayels are often markedly elevated to 170-400% in renal
were associated with excess thrombosis. Overall 55% whnsplant patient®. Case control studies show that
patients with access thrombosis had one thrombophilityperhomocysteinemia is an independent risk factor for
defect and for each additional thrombophilic defect thirst and recurrent thromboembolism. This risk is increased
odds of thrombosis increased significantly, OR 1.87%o nearly 22-fold when combined with other thrombophilic
Mallamaci et & prospectively studied the relationshipdefects. High homocysteine is found in 50-90% of renal
between elevated total plasma homocysteine and MTHRRnsplant patients and in 30% with completely normal
genotype with arteriovenous fistula thrombosis in 205 dgraft function. Less than 2% of renal transplant patients
alysis patients. Patients with elevated homocysteine levdlad a normal homocysteine level. Homocysteine levels do
were significantly more likely to experience access thromot appear to influence patient or renal graft survival, but
bosis than those with normal or mildly elevated homocysenal transplant recipients are often relatively resistant to

teine levels. treatment of elevated homocysteine with vitamin supple-
mentation lowering homocysteine to less thanubin
Organ transplantation less than 50% of individuafs.

Approximately 30,000 renal transplants are performed each The presence of antiphospholipid antibodies increases
year in the US. Thromboembolic complications after renahe risk of arterial and venous thromboembolism, primary
transplant include an 8% risk of DVT or PE within the firsgraft thrombosis and early graft failure. In one study of 502
month post transplant, with peak risk at 4 months post trarend-stage renal disease patients 11 of 23 patients identi-
plant* Combined kidney pancreas transplants are assofied with APS underwent transplatit® All 7 who did not
ated with a 4-fold higher risk of proximal DVT or PE tharreceive peri-operative anticoagulation lost their grafts
kidney transplants alone. In addition, primary graft vessalithin 1 week of transplant due to thrombosis, whereas 3 of
thrombosis occurs in 1-7% of renal transplants and gendrwho received prophylactic anticoagulation maintained
ally results in loss of graft function. While patients withong-term graft function. Importantly, none of the 37 pa-
thrombophilic disorders have no increased risk of progregents with only serologic evidence of antiphospholipid
sion to end-stage renal disease compared with nonthrombotibodies but no prior history of clinical thrombosis re-
philic individuals, thrombophilia may contribute substaneeived anticoagulation. There were no thrombotic compli-
tially to complications after renal transplant. In one studygations and all experienced good long-term graft function.
229 patients were screened for selected thrombophilic rislot surprisingly, the renal transplant recipient with sys-
factors. Sixty-seven percent of patients with a thrombdemic lupus erythematosus (SLE) and APLAs is at highest
philic disorder developed arterial or venous thrombosissk, with a 40% risk of thrombosis, graft loss, or death
compared with only 28% of those who were norfh&. caused by thromboembolism compared with only 8% of
Thromboembolic complications occurred in up to 39% o0BLE patients without APLAS.

heterozygous FVL renal transplant recipients compared Perioperative anticoagulation of individuals at high
with 6-15% of recipients without thrombophilia, confer-risk for thrombosis may improve transplant outcome, but
ring an overall 4-fold risk of graft vein thrombosis andhe reported durations of therapy range from 1 week to 6-
venous thromboembolism over the first 6 months. FVL i$2 months in different studiésPagano et #lreported an
also associated with both a 12-fold delay in renal grafiverall improvementin thrombotic outcomes for renal trans-
function and early graft loss and 3-fold higher risk of deplant patients with thrombophilia receiving postoperative
layed primary graft function requiring hemodialysis. FVLIong-term anticoagulation. This might argue for routine
carriers had a markedly increased risk of graft loss (25%¢reening of all renal transplant patients. However, antico-
within the first week compared to patients without thromagulation resulted in a significant increase in bleeding epi-
bophilia (OR 64)* FVL is also associated with increasedsodes, 35% vs. 5% and delayed graft function in 32% vs.
risk of acute rejection after transplant with carriers havin$j5% of controls, respectively. Because of the increased risk
a 3- to 4-fold increased risk compared to those without tleé morbidity and mortality associated with thrombosis in
mutation. Prothrombin gene mutation carriers had a sithe renal transplant patient, thrombophilia screening is rec-
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ommended for high-thromboembolic risk patients. PeriL0. Baglin TP, Keeling DM, Watson HG. Guidelines on oral
operative anticoagulation is recommended for patients with anticoagulation (warfarin): third edition—2005 update. Br J

. . . . . . Haematol. 2006;132:277-285.
thrombophilia and previous thrombosis with consideratiof y\1ansiiha A Araujo F, Severo M et al. Genetic polymor-

of continued oral anticoagulation for up to 1 y&é&t. phisms and risk of recurrent deep venous thrombosis in
Orthotopic liver transplantation (OLT) is more fre-  young people: prospective cohort study. Eur J Vasc
quently associated with significant operative blood loss Endovasc Surg. 2005:30:545-549.

due t d dl Is of lant fact h . DIE' Ridker PM, Goldhaber SZ, Danielson E et al. Long-term,
ue to reduced levels of procoagulant ractors, chronic low-intensity warfarin therapy for the prevention of recurrent

and enhanced fibrinolysis, depending on the stage of the venous thromboembolism. N Engl J Med. 2003;348:1425-
transplant surgery. Several studies recently have attempted1434.

to address the contribution of FVL to post-OLT thrombo23- Agnelli G, Prandoni P, Becattini C et al. Extended oral
anticoagulant therapy after a first episode of pulmonary

sis?**%In a study by LoeW; a high prevalence of FVL was ¢ polism. Ann Intern Med. 2003:139:19-25.
found in patients with Budd-Chiari syndrome before OLT14. Geerts WH, Pineo GF, Heit JA et al. Prevention of venous
but there was no increased risk of VTE or rejection ob- thromboembolism. Chest. 2004;126:3385-400S.
served in follow-up of patients with acquired activated prot>: €osmi B, Legnani C, Cini M, Guazzaloca G, Palareti G. The
in C . d | Hirshfield role of D-dimer and residual venous obstruction in recur-

tein reS'Sta_nce measu_re post transplant. Hirs '_e_ et rence of venous thromboembolism after anticoagulation
al* retrospectively investigated the effect of FVL-positive  withdrawal in cancer patients. Haematologica. 2005;90:713-
grafts on VTE in OLT recipients. Forty-one of the 276 trans-  715. _ _ .
plants were complicated by postoperative thrombosis, wiff§- Prandoni P Lensing AWA, Prins MH et al. Residual venous
31 of th . Vi h . Is. Relati isk of thrombosis as a predictive factor of recurrent venous

ot the events '_nVO ving ep_atlc vessels. Relative risk o thromboembolism. Ann Intern Med. 2002;137:955-960.
presence of FVL in the donor liver for any sort of thromboz7. Palareti G, Legnani C, Cosmi B et al. Predictive value of D-

sis was 2.32. At present, routine screening for FVL in donor dimer test for recurrent venous thromboembolism after
grafts is not indicated. anticoagulation withdrawal in subjects with a previous

e idiopathic event and in carriers of congenital thrombophilia.
In summary, the management of the thrombophilic in- - jicyjation. 2003:108:313-318.

dividual requires a clear understanding of both the bias. miller vM, Jayachandran M, Heit JA, Owen WG. Estrogen
chemical defect as well as the interplay between diverse therapy and thrombotic risk. Pharmacol Ther. 2006;111:792-
temporary and acquired prothrombotic defects. Althou 807.

h pl' . yl | qf . P f h bophilic risk f g:[]g. Hoffman R, Brenner B. Thrombophilia related issues in

the clinical value o teStmg_ ort _rom ophilic risk factors  \yomen and children. Semin Thromb Hemost. 2005;31:97-
has been debated, emerging evidence suggests that thereos.

are clinical situations in which knowledge of underlying?0. Gomes MPV, Deitcher SR. Risk of venous thromboembolic
hereditary predisposing factors may be of importance to disease associated with hormonal contraceptives and
individual outcome not onlv in recurrent venous thrombo- hormone replacement therapy—a clinical review. Arch Intern
Individua y Med. 2004;164:1965-1976.

sis but also in special circumstances such as pregnangy,wu O, Robertson L, Langhorne P et al. Oral contraceptives,

OCP use and organ transplant—related thromboembolism. hormone replacement therapy, thrombophilias, and risk of
venous thromboembolism: a systematic review. Thromb
Haemost. 2004;94:17-25.
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