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Inherited thrombophilia
and adverse pregnancy outcomes:
What the evidence shows

Recent findings suggest that inherited thrombophilias lead to habitual fetal loss,

preeclampsia, and placental abruption. Here, an expert examines the role of gene

polymorphism-related clotting abnormalities in these outcomes and reviews

studies of promising interventions.

hen obstetric histories of habitual or
late fetal loss, preeclampsia, intra-
uterine growth retardation, and pla-
cental abruption or infarct suggest placental
compromise, a search for thrombophilia is war-
ranted. This article examines:
o cvidence implicating inherited thrombophil-

ia polymorphisms in these adverse outcomes

e promising findings of 2 interventional
studies of pregnancy outcomes in throm-
bophilia carriers: enoxaparin treatment for
women experiencing habitual late fetal loss,
and folic acid treatment for severe
preeclampsia.

e ) KEY POINTS

Polymorphisms linked

= Because polymorphisms affecting thrombotic
potential are frequent (2% to 20% of the general
population), even a slightly increased risk of
thrombosis affects a far greater number of
pregnancies than complete deficiencies of clotting
factor proteins S and C or antithrombin .

= Observational studies suggest a role for
heparin or folate supplementation in women
with thrombophilia polymorphisms and prior
adverse pregnancy outcomes.

= Hyperhomocysteinemia, which sometimes
develops from the influences of a polymorphism,
has been linked to preeclampsia and may contribute
to placental abruption and infarct.

= The Leiden polymorphism of the factor V, with
its greater propensity for thrombosis, occurs at
increased frequency in women who experience
habitual miscarriages.

to thrombotic risk

he adverse pregnancy outcomes described
Tabove represent a spectrum of disease
with considerable overlap in etiology. The risk
of each is increased in the presence of even 1
of the other complications.

A similar placental pathology is common
to these outcomes, suggesting aberrant
maternal/fetal perfusion as a unifying feature.
The causes of such perfusion abnormalities

are diverse, although placental infarct and

= Dr. Wilkins-Haug is chief, division of reproductive genetics,
department of obstetrics and gynecology; and director; Center
for Fetal Medicine and Prenatal Genetics at Brigham and
Women’s Hospital, Boston, Mass. She also is associate professor
of obstetrics, gynecology, and reproductive biology, Harvard
Medical School.
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microthrombi suggest an underlying pertur-
bation of the clotting cascade.

Although clotting factor deficiencies
including protein S, protein C, and antithrom-
bin III have long been known to increase
thrombotic disease risk, these hereditary defi-
ciencies occur in less than 1% of the general
population, and thus contribute minimally to
placental compromise and adverse outcomes.'

Of greater clinical significance are changes
in DNA sequences collectively known as gene
polymorphisms. These gene sequence changes
occur with variable population frequency and
impact on protein function.

Now recognized are several polymorphic
genes which modulate the balance between
the opposing prothrombotic and antithrom-
botic the
Polymorphisms of clotting-cascade proteins

actions of clotting cascade.
occur in 1% to 4% of the population, with vari-

able impact on thrombotic risk.

Polymorphisms linked
to endothelial damage

ene polymorphisms outside the clotting
G cascade also can increase the risk of
thrombosis. Inflammation of the endothelial
lining due to elevated homocysteine is associ-
ated with an increased risk of both venous and
arterial thrombosis. In the conversion of
homocysteine to methionine, highly polymor-
phic gene sequences of the methylene tetrahy-
drofolate reductase enzyme (MTHFR) can
slow the pathway, resulting in hyperhomocys-
teinemia. Polymorphisms influencing homo-
cysteine metabolism occur in up to 20% of
individuals in some populations.

The power of polymorphisms

enetic polymorphisms do not necessarily
G imply a disease state. These DNA changes
are preserved in populations, and their eftects
on the proteins they code are variable, even of
benefit in some populations. (That may explain
the continued presence of polymorphisms
despite their negative clinical impact in other

populations.) The effect of a genetic polymor-
phism on the quantitative or qualitative func-
tion of a protein is variable, and often occurs in
combination with other genetic, physiologic, or
environmental changes.

The frequency of a specific polymorphism
varies from population to population, reflecting
ancient adaptation to specific environments.
Given the complex interactions required for
modulation of the opposing thrombotic and
antithrombotic processes of the clotting cas-
cade, genetic polymorphisms affecting key
receptors, enzymes, and cofactors all contribute
to functional control of clotting.

Without this precise control, 1 mL of blood
can convert the total body volume of fibrinogen
to fibrin—and clot formation—in 10 to 15 sec-
onds.” The process leading to the fibrin plugs of
pathologic thrombi difters little from the appro-
priate hemostasis of a laceration, leading to the
description of thrombosis as “fibrin plugs in the
wrong place or at the wrong time.”

The major inhibitors of thrombosis are
antithrombin III (ATTII), protein C, and pro-
tein S, which form a complex to prevent exces-
sive clotting. Typically, this complex binds with
factors V and VIII, rendering them inactive
and thus limiting the progression of clot for-
mation. Loss of interaction between this
antithrombotic complex (ATTII-protein S-pro-
tein C) and the clotting-cascade factors leads to
unregulated progression of the clotting cascade
and excessive thrombosis formation.

Polymorphisms identified

in clotting abnormalities

Resistance to activated protein C. Oc-
curring in 2% to 5% of the general popula-
tion, resistance to activated protein C (APC)
results in loss of clot inhibition and increased
thrombotic potential of the clotting cascade,
as reflected in the striking 20% to 60% inci-
dence of APC resistance among individuals
with thrombotic disease. While APC resist-
ance can be acquired, such as through
antiphospholipid antibody syndrome, in the
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Inherited thrombophilia and adverse pregnancy outcomes

majority of cases an inherited
polymorphism of factor V is
responsible.

Factor V Leiden. Polymorphism
factor V Leiden, a substitution of
glutamine for arginine at amino
acid 506 of factor V, exemplifies
the role of DNA polymorphisms
in clotting abnormalities. The
Leiden polymorphism renders fac-
tor V resistant to interaction with % loss
protein C. Even with adequate
qualitative and quantitative func-
tion of protein S, protein C, and
ATIII, the antithrombotic regula-
tory complex is rendered ineffec-
tive by factor V resistance to pro-
tein C binding.

The relative risk of thrombosis in the
presence of factor V Leiden follows a dose-
response curve. In some families, heterozy-
gotic carriers of factor V Leiden with 1 copy of
the polymorphism have a 10-fold increased
risk of venous throbosis. Homozygotes with 2
aberrant copies face a 91-fold increase.
Prothrombin 20210A. Recognition of poly-
morphisms at other sites along the clotting cas-
cade is emerging. The clotting-cascade step of
conversion of prothrombin to thrombin is cen-
tral to thrombus formation. A change of G to A
at position 20210 in prothrombin (prothrom-
bin 20210A) elevates baseline prothrombin lev-
els and thrombin formation.

Heterozygotic carriers of prothrombin
20210A are 3 times more prevalent among
individuals with venous thrombosis and 9
times more prevalent in individuals with
familial thrombosis.
Hyperhomocysteinemia. A  frequent
condition in the general population, hyperho-
mocysteinemia is also an important
contributor to the overall risk of thrombotic
disease.” Although the exact mechanism for
this is unclear, mild to moderate increases in
homocysteine levels are associated with an
increased relative risk of thrombosis (2.5).
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Dietary restriction of folate and vitamin By,
remains the most common cause.

However, in at least a quarter of cases,
DNA polymorphisms of the homocysteine-
methionine pathway are associated with
hyperhomocysteinemia and a mild to mod-
erate increase in thrombosis. The most
common inherited cause, a C to T change
at position 677 of MTHFR, produces a
thermolabile enzyme with reduced catalyt-
ic capacity and lowered conversion of
homocysteine. The diminished conversion
of homocysteine to methionine is further
slowed by folate deficiency.* Other MTHFR

polymorphisms also may contribute
to diminished catalytic capacity of this
pathway, with resultant increased levels

of homocysteine.’

Polymorphisms identified

in obstetric complications

Fetal loss and habitual miscarriage.
Among women who experience habitual mis-
carriage, factor V Leiden contributes primari-
ly to the subgroup of losses that occur during
the second trimester. The association between
factor V Leiden and ecarly first-trimester fetal
loss is not as robust (FIGURE).*

CONTINUED
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In the first prospective analysis of obstetric
outcomes in carriers of factor V Leiden, infer-
tility or miscarriage was 1.5 times greater than
controls (95% confidence interval [CI],
1.2-2.7). In carriers who had experienced 2 or
more fetal losses, factor V Leiden was 2.5 times
greater than expected (95% CI, 1.2-5.13)”
Conversely, however, among families with
multiple individuals with thrombotic disease,
habitual early losses are not more common.*

Limited evaluations of the prothrombin
gene polymorphism likewise both support
and refute an association with early or late
fetal loss.” Given the relatively low incidence
of late fetal loss with either polymorphism,
the majority of women with factor V Leiden
or a prothrombin polymorphism will have
successful pregnancies."

A variety of studies support a link between

mild to moderate hyperhomocysteinemia

and preeclamptic toxemia.

With respect to the methionine-homocys-
teine pathway, both folate deficiency and a
MTHEFR polymorphism play a role—alone
or in combination.® In fact, 1 study reported
that hyperhomocysteinemia alone did not
display a significant association with early
fetal loss, suggesting that folate deficiency and
MTHFR polymorphisms may operate
through additional, unidentified variables.
However, in a meta-analysis, hyperhomocys-
teinemia alone had a pooled risk of habitual
pregnancy loss of 2.7 (95% CI, 1.4-5.2) and
4.2 (95% ClI, 2.0-8.8) for fasting and postme-
thionine levels, respectively.” The relatively
weak association with hyperhomocysteine-
mia, the diversity in definition of habitual
pregnancy loss, and the variability inherent in
homocysteine testing likely contribute to
these conflicting findings.

Preeclampsia. Several studies have con-
firmed an association between APC resistance
and preeclamptic toxemia. In fact, the
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American College of Obstetricians and
Gynecologists reports a 2.4-fold increase in
factor V Leiden, a major determinant of APC
resistance, among women with severe
preeclamptic toxemia.”” However, analyses in
non-Caucasian populations typically do not
identify factor V Leiden as a risk factor."

An association between the prothrombin
20210A polymorphism and severe preeclamp-
sia is variable and not confirmed in all popula-
tions. The lower background frequency of this
polymorphism may limit a sufficient sample
size for detection of a significant association.

With regard to homocysteine, a variety of
studies support a link between mild to moder-
ate elevations and preeclamptic toxemia.
Homocysteine is mildly elevated during preg-
nancies complicated by preeclamptic toxemia,
and this elevation persists postpartum.”™'*
Homocysteine elevations are also present in
the second trimester before blood pressure
increases occur.' Even at 15 weeks’ gestation,
an elevated homocysteine level indicates an
almost 3-fold increased risk of severe
preeclampsia.” Based on a meta-analysis of 5
studies, mild to moderate increases in homo-
cysteine alone are significantly associated with
a risk for severe preeclampsia, while folate
deficiency alone is not (TABLE 1). The hyper-
homocysteinemia is explained only in part by
the increased rate of MTHFR polymorphism,
with other contributors unidentified."
Placental abruption and infarct. Hyper-
homocysteinemia, folate deficiency, and
MTHEFR polymorphisms may also contribute
to abruption and placental infarct.
Hyperhomocysteinemia is 3 times more com-
mon in study patients versus controls (31%
versus 9%), with fasting levels more signifi-
cantly increased than postmethionine levels.”
Likewise, MTHFR polymorphisms have
been significantly associated with abruption
and fetal growth restriction. The combination
of heterozygosity for 2 MTHFR polymor-
phisms, C677T and A1298C, occurs in almost

a quarter of placental abruptions.”
CONTINUED



Inherited thrombophilia and adverse pregnancy outcomes =

TABLE 1

Meta-analysis of the association between preeclampsia
and selected metabolic defects®

METABOLIC DEFECT ODDS RATIO
Folate deficiency 1.2
Hyperhomocysteinemia 20.9
Methylene tetrahydrofolate 2.6

reductase polymorphisms

Other contributors
to placental thrombosis

everal factors reflecting normal physiolog-
S ic changes of pregnancy also contribute to
the increased thrombotic risk when throm-
bophilia polymorphisms are present during
pregnancy. The low vascular resistance of the
placenta, key to the adequate perfusion of the
fetus, conversely sets the stage for fibrin depo-
sition and clot formation. The normal
increase in the levels of fibrinogen and clot-
ting proteins during pregnancy also con-
tribute to clot formation. These physiologic
changes of pregnancy may be modulated by
diverse environmental changes. When the
most common polymorphism of MTHEFR is
present, the rate of this enzyme’s functioning
is further impaired by low folate, a condition
often present due to physiologic decreases of
folate during pregnancy. Suppression of avail-
able folate associated with cigarette smoking
may further compound the deleterious effects
of the MTHFR polymorphism on homocys-

teine levels.

Multiple thrombophilias
increase risk

n a similar additive fashion, an individual
Iwith multiple thrombophilia polymor-
phisms faces even greater increases in throm-
botic risk. For example, factor V Leiden work-
ing concomitantly with protein C or protein S
deficiency, or factor V Leiden or prothrombin
20210A paired with hyperhomocysteinemia
carry relative risks of venous thrombosis

95% CI
0.56-2.7
3.6-121.6
1.4-5.1

greater than any of these elements alone. For
patients with a history of thrombotic disease
from the European Prospective Cohort on
Thrombophilia (EPCOT) study, the highest
odds for a stillbirth (odds ratio [OR], 14.3;
95% CI, 2.4-86.0) occurred in women with
combined thrombophilia abnormalities.”
Multiple inherited thrombophilias also
may interact at the maternal-fetal interface.
Consistent with Mendelian inheritance, the
fetus will inherit 1 of the maternal alleles at
each gene of the clotting-cascade proteins.
Chronologically, the fetal arterial supply is
established as maternal spiral arteries perfuse
the intervillous spaces, with the maternal and
fetal blood supply of the placenta present 3 to
4 weeks after conception. Histologically, evi-
dence of placental ischemia can be found on
either the maternal or fetal side. It is
unknown whether the risk of placental com-
promise is greater in the presence of maternal
or fetal thrombophilia, alone or in combina-
tion. Initial study of factor V Leiden from
spontancous miscarriages suggests a slight
skewing toward increased fetal inheritance of
the maternal polymorphism, suggesting a fur-
ther contributory role of the fetus to overall
risk.” Interestingly, MTHFR polymorphisms
in combination (C677T and A1298C) occur
significantly more often among spontaneous
losses than in fetal bloods at delivery, suggest-
ing a decreased potential for viability among
such fetuses.” In populations with no associa-
tion between preeclampsia and maternal fac-

tor V Leiden, the MTHFR polymorphism or
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TABLE 2

Folate supplementation decreases homocysteine levels in women**

MEAN FASTING

MEAN POST-LOAD

TIME OF HOMOCYSTEINE HOMOCYSTEINE

ASSESSMENT (UMOL/L) 95% CI (UMOL/L) 95% CI
Presupplementation 16.6 13.0-20.1 68.5 60.8-76.2
Postsupplementation 6.1 5.6-6.7 29.3 25.6-33.0

ClI=confidence interval
*All subjects had a history of preeclampsia.

prothrombin polymorphism fetal studies are
likewise unrevealing.”

Promising results of
enoxaparin, folate studies

nherited thrombophilias may be amenable
Ito treatment with baby aspirin, heparin,
folic acid, intravenous immunoglobulin G
(IgG), or factor concentrates. Currently, no
randomized, controlled intervention trials
have been conducted. Further, since initial
adverse pregnancy outcomes in inherited
thrombophilia patients are relatively rare, it
will be difficult to identify a sufficiently siz-
able population at risk.

For inherited thrombophilia carriers with
recurrent adverse pregnancy outcomes, 2
areas for intervention deserve greater atten-
tion: enoxaparin treatment for women experi-
encing habitual late fetal loss™ and folic acid
treatment for severe preeclampsia.”
Enoxaparin and recurrent fetal loss. The
Brenner enoxaparin trial examined 96 women
who had experienced recurrent pregnancy loss
(3 or more in the first trimester [7-12 weeks], 2
or more in the second trimester, or 1 in the third
trimester). Only losses with a fetal pole previ-
ously documented by ultrasound were counted.
Approximately 66.6% of the participants had a
thrombophilia polymorphism identified.

Subsequent pregnancies among these
women were treated with 40 mg enoxaparin
daily (80 mg daily for women with combined
abnormalities). A significant difference in
pregnancy outcome was noted when these
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patients were compared with their historical
outcomes, although no differential in risk for
solitary versus combined defects (83% versus
69%, P=.37) could be determined. Results
appeared equally efficacious with either 40
mg or 80 mg enoxaparin a day.

Although these findings are encouraging,
the use of historical controls for pregnancy out-
come studies is notorious for overestimating
the benefit of any single intervention. More
complete analysis of the benefits of enoxaparin
must await randomized controlled trials.

Several other studies have addressed the
use of preconception aspirin (81 mg per day)
and postconception unfractionated heparin
among women with a history of habitual mis-
carriage. In 1 investigation involving 149
women whose recurrent miscarriages were
due to a variety of procoagulant defects as well
as factor V Leiden, fewer than 1% failed such
therapy.” Among a smaller population
(n=34), treatment with postconception
heparin resulted in decreased fetal loss,
although the drug had no effect on other
obstetric complications.” In addition, among
women with a combination of infertility, mis-
carriage, and thrombophilia, who experi-
enced an 85% historical rate of early-pregnan-
cy loss, that rate declined to 15% when either
preconception enoxaparin (history of infertil-
ity) or post-conception enoxaparin (miscar-
riage alone) was administered.”

Folic acid supplementation and pre-
eclamptic toxemia. Among all individu-

als—pregnant or not—folate supplementa-
CONTINUED



TABLE 3

TIME OF

ASSESSMENT

Presupplementation
Postsupplementation

Folic acid supplementation in women
with a history of severe preeclampsia®

GESTATIONAL AGE
AT DELIVERY (WEEKS)

29.5 + 3.7
36.7 £ 2.2

tion significantly lowers homocysteine levels.

Efficacy is greatest at the highest pretreatment

homocysteine levels and least at the lowest

pretreatment levels.”

Decreases in homocysteine levels are seen

with 0.5 mg to 5 mg folic acid daily plus vita-
min By. No additional benefit is obtained with
supplemental vitamin Bj,. Folate appears

most beneficial in lowering homocysteine in

the presence of MTHFR polymorphisms, as

such individuals have higher homocysteine

levels at given folate deficiencies than individ-

uals without this polymorphism.”
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BIRTH WEIGHT (G)

1,088 + 570
2,867 = 648

Based on these observa-
tions, folic acid supplements
have been examined for their
and

role in preeclampsia

intrauterine growth retardation
(IUGR).” In 1 study, women
with a history of preeclampsia;
liver

hemolysis,  elevated

enzymes and low platelet count
(HELLP)  syndrome; or
eclampsia (n=181) and IUGR (n=26) were
identified following delivery. Assessment in the
nonpregnant state—by measurement of both
fasting and post—methionine-load levels—
indicated positive results (above the 97.5 per-
centile in healthy premenopausal females) in
17.7% of preeclamptic toxemia cases and 19.2%
of ITUGR cases.
Of this group, 27 women proceeded to
daily supplementation with folate (5 mg) and
vitamin Bg (250 mg) for a minimum of 10

weeks and achieved significantly decreased

homocysteine levels (TABLE 2). (Interestingly,
CONTINUED



analysis by fasting levels alone would have
missed more than 50% of the hyperhomocys-
teinemic women; their latent metabolic insuf-
ficiencies were documented only following
load to the enzymatic system with methion-
ine.) The supplementation protocol was con-
tinued preconception in 14 eligible women
(11 had been hospitalized for preeclamptic
toxemia and 3 had a history of [IUGR), with a
baby aspirin added daily at 10 to 12 weeks.
Although the recurrence rate (64%) was unal-
tered from the expected, disease onset
occurred later in pregnancy, resulting in
infants delivered at significantly later gesta-
tional ages with better birth weights. These
results anticipate reduced neonatal mortality
and morbidity (TABLE 3).

Summary

ith rapid expansion of human genome
Wsequencing and low-cost assays for the
detection of DNA sequence changes, the panel
of suspect polymorphisms will likely increase.
Randomized, controlled studies are needed to
optimize the treatment choices. m

REFERENCES
1. Brenner B, Blumenfeld Z. Thrombophilia and fetal loss. Blood Rev. 1997;11(2):72-79.

2. Fauci AS, Braunwald E, Isselbacher KJ, Martin JB, eds. Harrison’s Principles of
Internal Medicine. 14th ed. 1998: 339-345.

3. den Heijer M, Koster T, Blom HJ, et al. Hyperhomocysteinemia as a risk factor for
deep-vein thrombosis. N Engl | Med. 1996;334(12):759-762.

4. Frosst B, Blom HJ, Milos R, et al. A candidate genetic risk factor for vascular dis-
case: a common mutation in methylenetetrahydrofolate reductase. Naz Genet.

1995;10(1):111-113.

5. vander Put NM, Gabreels F, Stevens EM, et al. A second common mutation in the
methylenetetrahydrofolate reductase gene: an additional risk factor for neural-tube
defects? Am | Hum Genet. 1998;62(5):1044-1051.

6. Ray JG, Laskin CA. Folic acid and homocyst(e)ine metabolic defects and the risk
of placental abruption, pre-eclampsia and spontancous pregnancy loss: A system-
atic review. Placenta. 1999;20(7):519-529.

7. Bare SN, Poka R, Balogh I, ct al. Factor V Leiden as a risk factor for miscarriage
and reduced fertility. Aust N Z ] Obstet Gynaecol. 2000;40(2):186-190.

8. Preston FE, Rosendaal FR, Walker ID, et al. Increased fetal loss in women with
heritable thrombophilia. Lancet. 1996;348(9032):913-916.

9. Pihusch R, Buchholz T, Lohse P, et al. Thrombophilic gene mutations and recur-
rent spontancous abortion: Prothrombin mutation increases the risk in the first
trimester. Am | Reprod Immunol. 2001;46(2):124-131.

10.  Ridker PM, Miletich JB, Buring JE, ct al. Factor V Leiden mutation as a risk factor
for recurrent pregnancy loss. Ann Intern Med. 1998;128(12 Pt 1):1000-1003.

11. Nelen WL, Blom H]J, Steegers EA, et al. Hyperhomocysteinemia and recurrent
carly pregnancy loss: a meta-analysis. Fertil Steril. 2000574 (6):1196-1199.

12. Dizon-Townson DS, Nelson LM, Easton K, et al. The factor V Leiden mutation
may predispose women to severe preeclampsia. Am | Obstet Gynecol. 1996;175(4 Pt
1):902-905.

48 OBG MANAGEMENT April 2003

Inherited thrombophilia and adverse pregnancy outcomes

13. Zusterzeel PL, Visser W, Blom H]J, et al. Methylenctetrahydrofolate reductase
polymorphisms in preeclampsia and the HELLP syndrome. Hypertens Pregnancy.
2000:19(3):299-307.

14. Kim YJ, Williamson RA, Murray JC, et al. Genetic susceptibility to preeclampsia:
Roles of cytosineto-thymine substitution at nucleotide 677 of the gene for methyl-
enctetrahydrofolate reductase, 68-basc pair insertion at nucleotide 844 of the gene
for cystathionine beta-synthase, and factor V Leiden mutation. Am ] Obstet

Gynecol. 2001;184(6):1211-1217.

15. Dekker GA, DeVries JI, Doclitzsch PM, et al. Underlying disorders associated with
severe carly-onset preeclampsia. Am | Obster Gynecol. 1995;173(4):1042-1048.

16.  Rajkovic A, Mahomed K, Malinow MR, et al. Plasma homocyst(e)ine concentra-
tions in eclamptic and preeclamptic African women postpartum. Obszer Gynecol.

1999; 94(3):355-360.
17. Cotter AM, Molloy AM, Scott JM, et al. Elevated plasma homocysteine in early

pregnancy: a risk factor for the development of severe preeclampsia. Am ] Obstet

Gynecol. 2001;185(4):781-785.

18.  Lachmeijer AM, Arngrimsson R, Bastiaans EJ, et al. Mutations in the gene for
methylencetetrahydrofolate reductase, homocysteine levels, and vitamin status in
women with a history of preeclampsia. Am | Obstet Gynecol. 2001;184(3):394-402.

19. Goddijn-Wessel TA, Wouters MG, van de Molen EF, et al
Hyperhomocysteinemia: a risk factor for placental abruption or infarction. Eur J

Obstet Gynecol Reprod Biol. 1996;66(1):23-29.

20. Gebhardt GS, Scholtz CL, Hillermann R, et al. Combined heterozygosity for
methylenctetrahydrofolate reductase (MTHFR) mutations C677T and A1298C is
associated with abruptio placentae but not with intrauterine growth restriction.

Eur ] Obstet Gynecol Reprod Biol. 2001;97(2):174-177.
21. Dizon-Townson DS, Meline L, Nelson LM, et al. Fetal carriers of the factor V

Leiden mutation are prone to miscarriage and placental infarction. Am ] Obstet

Gynecol. 1997;177(2):402-405.

22. Isotalo PA, Wells GA, Donnclly JG. Neonatal and fetal methylenctetrahydrofolate
reductase genetic polymorphisms: An examination of C677T and A1298C muta-
tions. Am | Hum Genet. 2000;67(4):986-990.

23.  Livingston JC, Barton JR, Park V] et al. Maternal and fetal inherited thrombophil-
ias are not related to the development of severe preeclampsia. Am | Obstet Gynecol.

2001;185(1):153-157.

24. Brenner B, Hoffman R, Blumenfeld Z, et al. Gestational outcome in throm-
bophilic women with recurrent pregnancy loss treated by enoxaparin. Thromb

Haemost. 2000;83(5):693-697.

25. Bick, RL. Recurrent miscarriage syndrome due to blood coagulation
protein/platelet defects: Prevalence, treatment and outcome results. DRW
Metroplex Recurrent Miscarriage Syndrome Cooperative Group. Clin Appl
Thromb Hemost. 2000;6(3):115-125.

26.  Oguch O, Chen MF, Spurll G, et al. Outcome of pregnancy in women with hered-
itary thrombophilia. Int | Gynaecol Obstet. 2001;74(3):247-253.

27. Sarto A, Rocha M, Geller M, et al. Treatment with enoxaparin adapted to the fer-
tility programs in women with recurrent abortion and thrombophilia. Medicina.
2001;61(4):406-412.

28. Clarke R, Armitage J. Vitamin supplements and cardiovascular risk: Review of the
randomized trials of homocysteine-lowering vitamin supplements. Semin Thromb
Hemost. 2000;26(3):341-348.

29. Malinow MR, Nieto FJ, Kruger WD, et al. The effects of folic acid supplementa-
tion on plasma total homocysteine are modulated by multivitamin use and meth-

ylenetetrahydrofolate reductase genotypes. Arterioscler Thromb Vasc Biol.
1997:17(6):1157-1162.

30. Leeda M, Ryazi N, DeVries J1, et al. Effects of folic acid and vitamin B6 supple-
mentation on women with hyperhomocysteinemia and a history of preeclampsia
or fetal growth restriction. Am ] Obstet Gynecol. 1998;179(1):135-139

31.  Grandone E, Margaglione M, Colaizzo D, et al. Factor V Leiden is associated with
repeated and recurrent unexplained fetal losses. Thromb Haemost. 1997;77(5):
822-824.

32. RaiR, Shlebak A, Cohen H, et al. Factor V Leiden and acquired activated protein
C resistance among 1000 women wih recurrent miscarriage. Hum Reprod. 2001;
16(5):961-965.

33. Younis JS, Brenner B, Ohel G, Tal J, Lanir N, Ben-Ami M. Activated protein C
resistance and factor V Leiden mutation can be associated with first—as well as sec-

ond—trimester recurrent pregnancy loss. Am | Reprod Immunol. 2000;43(1):31-35.

Dr. Wilkins-Haug reports no affiliations or financial arrangements with
any of the manufacturers of products mentioned in this article.



