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Introduction

The antiphospholipid syndrome

APS.

Furthermore, the efficacy of heparin or low molec-
ular heparin in preveniing miscarriage for inherited
thrembophilias or for unexplained recusrent miscar-

riage will be reviewed.
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{APS)
described in 1983." Antiphosphelipid antihodies (aPL)
are a group of autoimmune aniibodies that bind
negatively charged phospholipids {predominantly B2-
glycoprotein 1), and they are associated with throm-
botic eveats that eould lead to pregnancy loss ”
Although they have been asseciated with a wide
variety of dinical disorders and obsteiric complica-
tions, the focus of this manuseript will be on the role
of these autcantibodies in early { <10 weeks) and
late {10 weeks) miscarriages and the importance of
heparin in the prevention of miscardage related to

Recommendations for the use of heparin for prevenung miscarriage are
recently rapidly changing based on evidenced based prospective studies.
At present either heparin or low molecular weight heparin {(LMWH]} is
recommended for the antiphospholiptd syndrome (APS). However crite-
ria for diagnosing APS have become much stricter, The exact timing of
the heparin is still being evaluated since it is not clear il the main thera-
pewtic effect is in inhibition of thrombosis when the heparin could be
started at the time in the frst wimester when the platelets become
thrombophiiic or does #ts main role in improving implaniation in which
it would be staried shortly before or shortly after ovulation. Possibly
heparin is superior to LMWH in improving the implantation process
though more studies are needed 1o corroberate or refute this suggestion.
At present inherited thrombophilias are nor considered a cause of Hrst
trimester miscarriage and thus measuring these factors are not recom-
mended. There is no evidence that heparin has any benefit in prevent-
ing miscardage from unexplained causes. Heparin is effective alone and
there does not appear 1o be any extra benefit from adding aspirin {or
even aspirin may negate some of its bepelits).

immunopathology ~ antiphospholipid syndrome

was  first

Thrombosis and Placental Infarction

The principal manifestation for APS is thromboem-
bolism. The underlymg basis for the hypercoagulable
state in APS is complex and involves altered activity
of all three major componenis that govern hemostat-
is: platelets, Bbrinolysis, and the coagulation cascade.
These aPLs inhibit both protein ¢ activation and the
formation of aciivated protein C, thereby preventing
the inactivation of factor V and VIIL This inhibiton
is conditional upon the presence of bera two glyco-
protein I that is 2 prerequisite for the binding of aPL
ta protein &

Other prothrombotic activities may be involved
including tissue factor an initiator of the extrinsic
coagulation cascade. ™ Also aPL can further up-regu-
late adhesion molecules. for example. E-selection,
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intercellular adhesion molecule I and vascular cell
adhesions molecule I expression.” Also aPL can
imgrease the secretion of proinflammatory cywokines,
for example, interlevkin one beia and interleukin-g.’

Decreased endothellal cell prosiacyclin {PGI2), the
principal inhibitor of platelet aggregation, and
increased thromboxane A2 production by platelets
may also predispose to thrombasis.” Arachidonic acid is
required for PGI2 production. and aPL irhibits arachi-
donic add release.’ Not only does PGI2 inhibit throm-
botie aggregation but it is a potent vasodilator. Thus,
the combination of vasoconstriction from decreased
PGI2 and increased risk of thrombosis formation and
plateter acuvation from both decreased PGIL2 and
increased thromboxane A2 leads to compromise of
fetal biood supply and could lead to miscarriage.

Other Mechanisms of Fetal Loss Associated
with aPL

The ¢lassic concept is that aPL leads o miscarriage
relared to their effect on negatively charged phospho-
lipids leading 1o thrombosis with subsequent placental
infarcion. Although thrombosis is observed {re-
quently in the deciduas and placentas of patients with
APS, this observation is not scen in all such paients.
Furthermore, it does not present in sufficient degree
1o adeguately explain pregnancy loss with Aps.t?
inflammation may be responsible for a significant
part of the APS syndrome. Deciduas from women
with APS showed more necrosts and acute inflamimna-
tion compared 16 women with normal pregnancies.’’

Some data suggest thar APS cause pregnancy loss
by binding to phospholipids expressed on the invad-
ing trophoblast that inhibits placental development
and thus subsequent embryo implantation in early
pregnancy.t?

Some murine studies have shown that comple-
ment activation is a central mechanism of antiphosp-
holipid antibody-induced pregnancy loss related
especially 10 the cleavage product C3a of comple-
ment Component cs.t?

Types of Antiphospholipid Imvolved in the APS

The antiphospholipid syndrome refers to various preg-
nancy complications including early miscarriage, late
first-trimester or mid-irimester miscarriage,  preg-
nancy-induced hypertension, pre-eclampsia,  and
intrauterine growth retardadon with or without other
thromboembolic complications related to a heteroge-
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neous group of autoantbodies directed against differ-
ent antigens predominandy anionic phospholipids- or
phospholipids-containing structures. The frst study
implicating that phospholipids aniibedies could be an
etiologic factor in miscarriage was published by Hughes
in 1983, and it referred to the lapus amimagulant.]
The lupus anicoagulant is an antiphospholipid anti-
body that prolongs phospholipids-dependem cloning
assays. The clotting defect is not corrected with normal
plasma but with the addition of phospholipids.”

There are aPls that do not prolong phospholipid-
dependent clotting assays, and they are usually mea-
sured by ELISA assay. These other aPLs are listed in
Table I There have been several published manu-
scripts ascribing varous degree of importance to spe-
cific aPLs, For example, antiphosphatidylethanolamine
{(aPE) and anifphospharidylserine {aP8) have been
implicated as being associated with early first-trimester
miscarriage.’® Nevertheless, aPls especially in low
titers are freguently present in women without a his-
tory of miscarriage. American College of Obsretricians
and Gynecologist {ACOG) has provided guidelines in
Bulletin 118 1o prevent women unlikely 1o have the
APS from being treated with a potentially risky drug
for example, heparin or low molecular weight heparin
when the need for such treatment is low.'” The com-
mittee recommend that only three antibodies contrib-
ute to the diagnosis of APS: the lupus anticoagulant.
anii-beta 1wo glycoprotein 1 (IgG and Igg-;j\fﬂ.ls They
also recommend that the APS not be considered unless
ai least one of these tests is positive in a titer »40 GPL
or MPL units for anticardiolipin amibody or standard
IgG units, or SMU >99th percentile for a normal popu-
tation for anu-beta two glycoprotein 1 12 weeks apart
lupus anticoagulant is either positive or negative,'”
The ACOG bulietin #118 refers to the study by Tebo
et al.” who stated ‘some laboratories offer resting
often in a panel of wsis for other phospholipids anti-
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bodies. Results from such assays do liule 10 hmprove
the accuracy of the diagnosis of P8, and resting of such
antibodies is not recommended’,

Some studies suggest that when the more strict
requirement of aPL siter >40 GPL or MPL was net
followed, the pregnancy loss rate was more than
twice as high if a woman was positive [or aCL versus
lupus anticoagulant (38% versus L% e

Imrmunopathology — inherited thrombophiiias

The Hereditary Thrombophilia

A list of the inborn or hereditary thrombophilias is
seen in Table II. These conditions have been associ-
ated with an increased sk of thromboeembaolic
pathology.

As the initial assumption was that antiphospholi-
pid antibodies that are alsc associated with thrombo-
embolic pathology were similarly associated with
pregnancy loss on a thrombosis/infarction basis
{which actually may nou be truel, it was assumed
thay the hereditary thrombophilia may similarly be
associated with placental thrombosis.'¥  However,
another study found a high frequency of placental
infarcts (~30%) in women with thrombophilia and
miscarriage but found a similar frequency in women
without thrombophilia,?® In fact, there is evidence
that not only in bereditary thrombophilia but in
APS, thrombuosis has not been convincingly demon-
strated in decidual vessels but, in fact, fetal throm-
botic vasculopaihy is found and may be related to
pathology other than a tendency for thrambaosis. 2 H3?

Current clinical approach

Antiphospholipid Syndrome

According to ACOG Bulletin 118 not all women
should be screened for APS hut select individuals as
listed in Table 51,
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Shuah :

Some data sugsest that aspirin could protect the
trophoblast from damage after placentation has been
established.® OF course, low-dose aspirin blocks the
cenversion of arachidonic acid 10 thromboxane A2
that aggregates platelets and causes vasoconstric-
ion.® As low-dose aspirin seems 1o be deveid of
major side effects other than a slight risk of small
vesse! bleeding during surgical procedures, it has
heen included in most therapeutic paradigms since
the discovery of the APS because the main concept
at that time was that placental thrombosis was the
most Jikely cause of fetal loss. Aspirin was consid-
ered a relatively harmiess potential adjunctive thera-
peutic agent that could possibly help but would not
hurt. In fact, in borderline cases of APS, It was
empirically used by twelf without addition of hepa-
rin. Though several studies have shown the combi-
nation of heparin and aspirin is superior to aspirin
alone in enhancing live birth i women with recur-
rent pregnancy loss and the presence of antiphosp-
holipid antibodies. There is a gaucity of srudies
evaluating aspirin versus placebo in these clrcum-
stances.®® Similarly, there is a paucity of studies
comparting heparin versus heparin plus aspirin 0
determine whether aspirin adds any bemefit or in
fact could be detrimental in APS.

The current clinical approach for the treaument of
women with a history of miscarrage and the pres-
ence of antiphospholipid antibodies has been pro-
vided by the American College of Obstetricians and
Gynecologist (ACOG) No. 118.° The fst thing
emphasized is to properly identify women with true
APS syndrome. For diagnosis of APS, they refer o
the study of Miyakis et al.?® They stale that the term
APS should refer to any women with recurrent mis-
carriage who have met the laboratory criteria as pro-
vided earlier in this manuscript and who have had
either a history of vascular thrombosis {including
arterial, venous, or small vessel thrombosis in any
tissue or organ) or certain specilic types of preg-
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nancy morbidity. These morbidities include {1} one
or more unexplained deaths of a morphologically
normal fetus at or bevond the 10th week of gesta-
tion with normal fetal mormphology documented
either by sonography or by direcr examination of
the ferus, and (i} three or more unexplained consec-
utive pregnancy losses before the 10th week of preg-
nancy of chromosomally novmal fetuses without any
maternal hormonal er znatomic explanation.' ™ In
addition, the ACQG comniitee will consider a
woman as haviag APS if she has laboratory criteria
and has had one or more premature births before
34 weeks of a morphologically normal neonate
because of eclampsia, severe pre-eclampsia, or evi-
dence of placental insufficiency.!>#®

The ACOG Bulletin No. 118 mentdons that
patients enrolled in most published series besides
heparin also received low-dose aspirin, bur they sta-
ted ‘the benefit of adding aspirin for this indication
is unknown®.!® They refer wo the systematic review
of Empson e1 al. published in 2002 that found that
the combination of heparin and aspirin may reduce
pregnancy loss rate by 50% when properly selected
women with APS are weated.*”

Since that time, the authors have completed a
more updated {2011} Cochrane review,”® They
reviewed 13 studies with 849 participants, but they
adit that the guality was not high related o differ-
ent selection criteria and only 30% had clear evi-
dence of allocation conceaiment, Only
unlractionated hepavin combined with aspirin was
shown to reduce the incidence of pregnancy loss (by
54%).°% Low molecular weight heparin (LMW}
combined with aspirin did not significantly reduce
pregnancy loss through the point estimates were in
the direction of benefit, suggesting LMWH probably
has some benefit.?® However, the systematic review
could not find any adequate studies comparing the
efficacy of unifractionated heparin versus LMwWH.*®
importantly, this review found three studies thar
found no benefit of aspirin in reducing pregnancy
loss,”® Tt is interesting that in the ACOG Bullerin No.
118 (20113, they also refer to heparin, so it is
unciear whether they simply mean unfraciioned
heparin only or is it 2 wider term thar would indude
LMWH? Finally, the review by Empson et al.™® did
not find any advantage of high versus lower dosage
unfractionated heparin. Hopefully, furure meta-anal-
vsis or prospective studies will follow the new ACQOG
guidelines for diagnosing APS, so that a more uni-
form data set can be evaluared. As mentioned, some

Amencan journal of Reproductive Immuncicgy &7 {2012 375-333
& 2017 lohn Wiley & Sons A5

of the conclusions of previcus studies and the meta-
analyses could be erronecus by induding women
who by present ACOG criteria would not be consid-
ered to have APS.

Inherited Thrombophiiia

There had been some previous meta-analyses, one
matched-conmrolled study, and a remrospective review
that suggested that there was an association between
inherited thrombophilias and Hrst-trimester miscar-
riage. 2’7 However, prospective studies fafled 1o find
any association with factor V Leiden mutation nor
with the prothrombin 20210473

One publication suggested thar the one hereditary
thrombophilia with the most evidence suggesting an
association with carly first-wrimester losses is hype-
themocysteinemia. > Others state that factor V .Lei-
den muation is the thrombophilia most associated
with second-wrimester losses.”® In reality, evidence
linking inberited thrombophilia with miscarriage is
weak which supports growing suspicion that throm-
bosis may not be the main reason lor miscartiage
with the APS.

Lockwood and Wendell in ACOG Bulietin 124
September 2011 concluded after critically reviewing
all manuscripts relared 10 miscarriage and inherited
thrombophilia that ‘whereas meta-analysis and a ret-
rospective cohort study have revealed an association
between inherited thrombophilia and first-trimester
pregnancy loss, prospective cohort studies have
found ne association between thrombophilia and
fetal loss . *7

Thus, it dees not seem reascpable o order an
tnherited thrombophilia panel for unexplained first-
wimester recurrent miscarriage {except possibly a
homocysieine Jevel). It is not unreasonable to obtain
such a panel for unexplained second-trimester losses
and consider therapy even without a history of
thromboembolisim as long as the patient is informed
that there is no proof that the therapy is warranted.

Unexplained Recurrent Miscarriages

A previous study suggested that the low-dose aspirin
could improve uterine bloed flow and improve
endometrial thickness.®® As previcusly mentioned,
diminished biood flow on the maternal side could
explain thrombosis on the fetal side, and this could
be theoretically heow aspirin helps prevent miscar-
riage. However, other studies failed to corroborate
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the beneficial effect of aspirin on uterine biood ffow,
and one study found in fag, a significantly lower
pregnancy rate following frozen embryo transfer in
the proup iaking aspirin versus unireated (for
thromboprophylaxis) contrals.®?

A multicenter randomized controiled wrial of
LMWH and low-dose aspirin plus imtensive preg-
nancy surveillance resulted in a 229% nyiscarriage
rate in women with unexplained recurrent miscar-
riage versus 20% in the group receiving intensive
surveillance alone.®® This study would thus suggest
no basis for using LMWH or aspirin for unexplained
recurrent miscardage, Alternatively, the proponents
for using heparin could argue that the aspirin
negated the beneficial effect of the heparin, and the
LMWH was siaried too late in ihe pregnancy, that is,
it should have been siarted before implantation or
with implantation, or unfractioned raither than
LMWH is berer for this category.

A Cochrane meta-analysis published prior to the
SPIN study found only two studies that could be
used in their review bat found no evidence for ben-
eRt of heparin or aspion compared with placebo.
Based on the maternal risk {though still small} to
the mother of bleeding, thrombocviopenia, osieopo-
rosts, and bone fractures, the authors recommend
nol 1o use either agent for unexplained recurrent
miscaniagtf” Another prospective RCT published in
2010 similarly found no benefit of adding heparin to
aspirin for unexplained recurrem miscarriage, and as
previously mentioned. there are no data showing
benefits of aspirin in this group.* Thus, in the pres-
ent era ol meating uncxplained recurrent miscar-
Hage, aspirin, heparin, ov the combination of both is
not indicated.

Potential chinical approach

Secrion B under the Immunolopathology section in
the manuscript deals with other potential mecha-
nisms other than thrombosis where APS can poten-
tially cause fetal harm.**™ Some data suggest that
both unfractionated heparin and LMWH cause 2
decrease in andphospholipid antibody activity.® The
possibility exists that heparin binds to and interferes
with beta 2 glycoprotein,*® Thus, the beneficial effect
may be its ability o prevent the inreraction of anti-
cardiolipin antibody with beta 2 glycoprotein 1%
The same authors found that heparn in high dos-
ages can interfere with antiphospholipid igG binding
1o primary trophoblast cells and thus negate the
adverse effect that antiphospholipid antibodies have

330

on inhibiting placentation and thus trophoblast nva-
stveness and dilferentiation.*

As previously mentioned earlier in the chapter,
complement split products, especially €5, are media-

wors  of antiphospholipid  antbody-induced  feral
injury. Heparin has been shown to have anticemple-
mentary effects by inhibiting complement activation
at various points. V™ A murine study found that
heparin and LMWH ({enoxaparin} protected mice
from feral absorprion from passive transfer of human
IgG containing antiphospholipid antibodies, whereas
neither fondaparinox nor hirodin which are anticoag-
planis that do not inhibit complement activation
inhibited murine fetal loss despite anticoagulation
levels.”™ Heparin also initiated €3 deposition in decid-
uas of mice infused with antphospholipid anitbod-
ies.’® Also heparin in such small dosages that it did
not provide any anticoagulant effect but could st
inhibir complement acdvation also stilf protected the
mice.”® Thus at Jeast based on these murine studies, it
seems that merely inhibiting coagulation is not sulifi-
cient to adequaely protect fetai loss from antiphosp-
holipid antbodies. This could explain why there is an
association of the coagulopathy known as APS with
miscarriage and why beparin or LMWH improves
chances of live birth, whereas the hypercoagulable
state refated to inherited thrombophilia is not as obvi-
ously associated with feral loss. and unfractionated
LMWH is of dubious value iz preventing feral loss in
the presence of inherited thrombophitia.

Some advocate the start of heparin as soon as &
positive pregnancy test is achieved, and others sug-
gest that it is sufficient to initiate with the frst sign of
ultrasound evidence of pregnancy. However, based
on the suspicion that the main effect may be with
implanaton and placentation, the quesition arises as
to whether heparin should be sitarted immediately
after ovulaiion or even before ovularion. Randomized
controlied 1ials should be conducred to determine
the hest starting time of heparin. Also the history of
the timing of miscarriage, that is, early first trimester
versus late first or second trimester, may dictate the
starting time of beparin, that is, are garly losses more
related to trophoblast invaston, implantatien, and
placeniation issues, whereas are late losses more
related 1o thrombosis or are late losses related to eay-
lier evenis also?

Although it is ¢lear that enoxaparin is equally as
effective as an anticoagulant as unfractionated hepa-
rin, it is not clear that it is egually as potent in
inhibiting complement activation or the other poten-
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tial benefits of unfractionated heparin such as
anti-inflammatory effects in women with three mis-
carriages or more with antiphospholipid anibodies.
$¢ far, there has been only one study with @ reason-
able number of patients enlisted comparing unfrac-
tionated heparin plus aspirin to only LMWH (plus
aspiriny and found cormnparable miscarriages rates
{(20% wversus 16% miscarriage ratrﬂ.'51 However,
adherence to the new swandards of diagnosing APS
according to the latest ACOG bulletin was not fol-
lowed. and it could be that many did not actually
have APS. There is still need to determine whether
unfractioned heparin and LMWH are equally effec-
tive in achieving live deliveries in women with APS.
The most dreaded risk of unfractionated heparin
was rare bur potentially fetal thrombocyiopenia, At
one tme. it was thought that using LMWH would
markedly reduce the risk of thrombocytopenia.™
However, more receatly the risk of thrombecytopenia
has been found to be the same with both agents.”’

Author's personal epiition

I think that most recent ACOG guidelines are rea-
sonable and emphasize evidence-based medicine
though compromised by a pauclty of prospeciively
designed swmudies. These guidelines will allow the
greatest number of women given proper heparin
without a huge number of women mistreated with a
notentially dangerous and very expensive drug,

Neveriheless, one must realize that these are only
guidelines. A physician has to consider the guide-
lnes bur must make decisions on a case by case basis
and realize that there are exceptions to every rule.

For example, I would ceriainly lreal 2 woman
with heparin if she had aCl IgG >40 GPL who has
had only wo rather than three early miscarriages.
Similarly, I would treat a woman with heparin who
had a history of unexplained second-trimesier losses
but whose aCL GPL was 29 not »40.

Until I see more daza, I will continue to alse obtain
measurementis of antiphosphatidylserine and ethanol-
amine and consider heparin therapy if the tter was
consistently over 40 especially IgG. § will still order
serum homocysteine levels for unexplained Hrst-tri-
mester miscarfiages and still consider heparin even
without a history of thrombosis. Similarly for unex-
plained late first-trimester or second-trimesier losses,
I would consider heparin for facter vV Leiden muta-
tion, and thus, I would sill obtain measuremenis for
factor V Leiden mutation in the right clinical cireum-
stance but not for recurrent first-irimester osses.
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For APS, 1 would begin heparin immediately after
ovulation to help implantation and placentation of
the invading rophoblast {or not only women with 2
history of first-trimester losses but also mid-trimester
losses. For first-irimester miscarrviage possibly related
to hyperhomocysteinema, [ would begin heparin
onge pregnancy was established. For second-trimes-
ter losses, 1 would begin heparin after ulirasound
confirmation of pregnancy o reduce the risk of frac-
tures and osteoporosis and of course to save money.
I would continue treaunent 6 weeks posipartum for
all these circumsiances. Neither heparin nor warfarin
accumulates in breast milk, se that [ have no objec-
tion w switching te warfarin postpartum.* ™

My preference is to use unfractioned heparin
given the recent realization that LMWH also risks
thrombocytopenia. I choose unfractionated heparin
because it may better prevent complement acrivation
than LMWH, and 1 think the data suggest that com-
plement activaion may be the one of the major
ways that antiphospholipid amibodies cause fetal
damage. Also unfractionated heparin is much less
expensive than epoxaparin. Furthermore, should
emergency surgery or an epidural be peeded, the
ume interval from stopping of the unfractionated
versus LMWH to be safe from bleeding is much
shorter with the former versus larter.

Finaily based on our own studies and lack of other
convincing evidence of benefit, I will treat with un-
fractionated heparin alone and not use aspirin either
combined or alone for APS. [ would not use aspinn
either {or inherited thrombophilias or unexplained
recurrent miscarriages.

As far as inhertted ihrombophilias, 1 agree with
the statement fram the ACOG Practice Bullenin No.
124 {2011} that ‘most of the available studies are
small case conmmolled and cohort studies assembled
in heterogenecus population. are [requenily contra-
dictory and display potential reporing biases’ >*%7
Thus, I would consider ordering an inherited throm-
bophilia panel for unexplained second-trimester
losses or a woman with a history of thrombeosis if an
interited thrombophilia was detected, but I would
tend 10 dissuade treatment for first-trimester losses,

For unexplained miscarriage without APS or evi-
dence of an inherited thrombophilia, my preference
is nor o treat with heparin or as stated aspirin
because of lack of evidence of any benefit and risks
of therapy. My preference i5 o empirically supple-
ment the luteal phase with progesterone and con-
tnue through the first trimesier. The reasons for this
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therapy as a persenal preference have been pre-
. . . 5
sented in an editorial.”®

References

| Hughes GR: Thrombosis, abartion, cerebral disease, and the lupus
anticoagulani, Br Afed J 1983, 28710881049,

Lockshin MO Ansphosphelipid antibody. Babies, blood clots,
bicloyy. JAMA 1997 27718491531,

Kaider A8, Kaider BD, Janowicz PB, Roussey RG;
frmunodiagnestie evalugion in women with reproduciive fafiume,
Am J Beprod Iemnpinel 15989 42333348,

Cuadrade MJ, Lopez-Pedrera €. Khamashia Ma, Camps MT,
Tinahones B, Torres A, Hughes GR, Velasco B Thrombosis in
primary antphosphotipid syndrome: a pivotal role for monocple
tissur fanor expression. Arthrids Rfieum 1997 40:834-841
Reverter 3¢, Tassies D, Font §, Khamashia MA, Ichikawa K. Cervera
R, Escolar G, Hughes GR, Ingelme M, Ordinas A: Effeas of human

sonochonzl antcardiolipin antibodies on platelet {funcion and oo

¥

i

FS

i

tissue lactor expression on monocyles. Arthrais Rirwn 1998;

4114201427,

Borastiero BR, Martinurzo ME, Broze GF High tiwers of

auteantibudics 1o tissue factor pathway inhibiter are assodated with

the antiphosphelipid syodrome. J Thromb Haemeast 2003 1:718-724,

Mernni BL. Raschi B, Camera M, Tesion! O Nucolend F. Tincani A

Kxamashia MA, Balestries G Tremodi B, Hess DO Bradoboliad

activation by aPL: a perential pathogenetic mechanism for the

clinical manifestation of the syndeame. J Awoimmnes 2000

15:237-240,

Lellouche F, Marinuzze M, Sald P, Macieul J, Carreras 1O

Imbalance of thromboxase/prostacyclin biosynibesis in patients

with hepus anticoagulant. Blosd 19%1; 78:21894..2899.

Carretas LO, Vennvlen JG: “Lupus” anticosgulant and thrombosis ~

possible role of inhibition of prostacyclin formation. Taromd Haemes!

1982; 48:38-40.

10 Girandi G: Heparin ireapmern: i pregnancy loss: poteniial

{herapeuiic benefits beyend anticoagulation. J Beprod Jnmsene!

2005, 66:43-31.

van Horn JT, Craven O, Ward K, Branch DW, Silver 8M: Histologic

features of placentas and abortion speamens from svomen with

antiphospholipid and antiphospholipid-like syadromes. Placenta

2004; 25:642-648.

12 Di Simene N Caliagndro D, Castellani R, Ferrazrant 5, De Carolis 5,

Caruso A Low-molecular weight heparin restores in vira

trophoeblast ivasiveness and differentiation in presence of

immunoglobulin & lractions cbiained from patenty with
antiphospholipid syndrome. Hum Reprod 1999, HoA8%-395,

Girardi G, Berman J, Redecha P, Spruce L. Thurman iM, Kraus D,

Haolimann TJ, Casall £, Caroll M, Wewsel RA. Lamnbris JD. Holers

Vid, Salmon JE: Complement T5a recepiors and neutrophils

mediate feal njury mthe amiphospholipid syndrome, S Clin Irves:

20683 112:1644- 1654,

14 Meinivre JA: Antiphospholipid antibodies i implaniaven faillures.
Am J Reprod Immunel 2003 49221229,

15 American College of Gbstetrics and Gynecslogisis Commitee on
Practice Bulletins-Obstetrics. ACOG Practice Bulletin No. L&
antphospholipid syndrome. Obste! Gystecel 201101170
192199,

16 Tebo AR, Jaskowski TD. Phansalkar AR, Litwin UM, Branch I'w,
fill HR: Diagnostic perfonnance of phospholipid ~ specific assays lor

[=28

-4

ool

h=

[

332

4
¥

20

[ ]

2

i

2;

i

[N
~

2

[

28

3

=)

3

3

¥}

the evaluaton of antiphospholipid syndrote. Am J Clin Pathol
ZGO8; PZNET0-375,

Lockwood 1, Romero R, Peinherg RE. Ciyne LP, Cosier B, Hobbins
JC: The prevalence and biologic significance of lapus anticoagulant

and anucardiolipin antibodies in a geneal obstewic population. Am
S Qster Gynecad 1989 1612369373,

Pattison N§, Chamiey LW, McKay EJ, Ligging GC, Butler WSt
Antiphospholipid antiboedies in pregrancy: prevalence and clinical
associasions. Br J Obster Gyaqeco! 1993 100:909-913%,

Many A, Schretber 1, Rosner S Lessing I8, Bldor A, Kuplermine
wMJ: Pathologeal features of the placenia in women with severe
pregnancy complications and thrombophilia. Gbster Gyneca! 2001
G104 1044,

»ouss HA. Alfirevic 2 Do placental lesions reflect chrambophilia
state in women with adverse preguancy outcome? Hum Reprod
AWML 1T IB0-1833,

Lyden TW, Vagt . Ng AK. Johnson PM, Rote N5 Monodonal
amsiphospholipid anibudy reactivity agsinst human placental
iophobiast. ! Repred Immunol 1992; 221114,

Sand R, Kalloway §, Mast AE, Hillard CJ, Weiler H: Fetormaternal
cross tali ia the plarental vascular bed: cornrol of coagulation by
wnphobias cells, Bleed 2006; 107:3173-3180,

Base P, Black 8, Kadvroy M, Weissenborn U, Neulep J. Regan L,
Huppertz 8: Hepatin and aspirin attenuate placental apoptosis in
vitre: bnphications lor early pregnancy [ailure. Am J Qbsiet Gymecol
2007 1922230,

Tulppala M. Mariunen M, Sodestrom-Anitila ¥, Foudila T, Aifus
¥, Palosuo T, ¥Yikorkala O Low-dose aspifn in prevention of
miscarriage in women with unexplained or auwimaiune related
recurrent miscarriage: effeq on prostacydlin and thromboxane A2
production. Hum Reprod 1997 12:11567-3372

Mak A, Cheung MW, Cheak AA, Ho RG; Combination of heparin
and aspirin i3 siperior w aspirin alone inenhancing live births in
patients with recarrent pregnancy loss and positive antl.
phospholipid antsbodies: a mesa-analysis of randomized comtrolied
trials and meta-regression. Rhieumatolegy 110G 49:281-288
Mivakis &, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera
£ Derksen B De Groot PG, Kotke T, Meyoni FL, Reber G,
Shoenfeld Y. Tinmaoi A, Viechoviannopoulos PG, Krilis 5a;
international consensus ort an update of the dassiication criteria
for definite antiphospholipid syndeome (APS). J Thromd Huemest
2006, 42953045

Empaon MA, Lassere M, Cralg JO, Scoit JR: Recurrenl pregnaucy
toss with antiphesphiolipid antibody: 3 systernatic review of
therapeutic twials. Ohster Gyneas] 200Z; 99:135 144,

Empsun M8, Lassere M. Craig JC. Svont JR; Prevention of recurrent
miscarmiage hu women with aniphasphalipid antibody or lupus
anlicoaguiant. Cochirane Datobare Syst Rev 20085, 15:CD002859.

Rey B, Kahn SR, David M, Shrier B Theombophilic diserders and
fetal Joss: 4 mea-aralvsis, Lapcer 2003 381,901-908,

adding T#, Aula 3 The assocdaion between adverse pregnancy
outcomes and maternal factor ¥ Leiden genolype: a mela-analysis,
Threms Hacmest 2004; 91:700-7114.

Lissalde-Lavigone G, Fabbro-Peray P, Cochery-Nowvellon E. Mercier
E, Ripart-Nevew S, Balducchi JP. Daures 3P, Pernegar 7, Quere 1,
Dauzat M, Mares P, Gris JCG: Factor V Leiden and prothromabin
G20210A polvmorphisms as risk [acers for miscarriage during a
first intended pregnancy: the matched case-conirol *NOHA first”
study. J Thromb Haenest 2005; 2:2178-2184. (Level 11-2).

Preston FE, Rosendaal FR. Walker 1D, Bries K. Berowrp E, Conard
1. Funjicuberta 3 Makris M. Martini G, Nowboom W, Pabinger [

american Journal of Reproductive Immunclogy 87 (2012 326-333
© 2012 john Wiey & Sons A%



HEPARIN FOR MISCARRIAGE

3

w

34

=

3

wn

6

3

-3

3

o

i9

0

4

42

43

Lepnani C. Scharrer §, $chulman 8, van der Meer £4: ncrsased fetal
loss in women with henable thrombophilia. Lencet 19946, 348913~
216

Dizon-Tewnson D, Miller €. Sibai B, Spong CY, Thom E, Wendel Jr
G, Wenstrom K, Samuels P, Corones MA, Moawad A, Sorokin Y,
Meis P, Miodovnik M, OSellivan MU, Corway D, Wapner R,
Gabbe SGr Natiowal Insdwte of Child Healib and Human
Develupment Maternal-Felal Medicine Unbis Network: The
relationship of the factor ¥ letden mutation and pregnancy
outeomes for mother and ferus. Obster Gyece! 2005; 106:317-524.
Sitver RM, Zhao ¥, Spong €Y, Sibai B, Wendel G Iz, Wensirom K
Sarnuels P, Carttls $N, Sorakin Y. Miodovnik M, {'Sullivan 81,
Conway D, Wapner RJ: Eunice Kennedy Shriver National Instiiuie
of Child Health and Human Development Maternal-Fetal Medicne
Units (NICHD MEMU) Nevwork: Prothrombin gens G20210A

muation and ebsetnic somplivations. Obster Gywece! 2010 11315
2{iLevel M}

Nelen WL, Blom HI, Steegers EA, den Heljer M, Bskesk TK:
Hyperhomocysteinemia and recurrent varly pregnancy loss: a mefa-
areabysis. Ferti! Sterdl 20000 7411561199,

Krabbendam ¥, Franx A, Bow ML, Fijnheer R, Briinse HW.
Thrombophilias and recurreni pregnancy loss: & critical appralsal of
the Hierature, Bur J Obstet Gynecol Reprod Biol 2003, 118(143-1314
Lockwoad €, Wendel G Committee an practice builetins -
obstetrics, Practice bulletin no, 124; inherited thrombophilias in
pregnancy. Obster Gynecod 2001 118730740,

Wads 1 Hso CC, Wilhlams G, Macnamee MO, Brnsden PR The
benefits of low-dose aspirin therapy in women with impatred
utenne perfusion dunng assisted concepion. Hum Reprod 1994;
410541997,

Check JH, Dicterich ¢, Lune D, Nazari &, Choung J: A mached
studly to determine whether low-dose aspitin withou heparin
irmproves preguancy ries following frozen embryo transier andror
alfects endometrial sonographic parameters. J dssisr Reprod Genet
19898; 15:379-381.

Clark P, Walker ID, Langhorme P Crichion L. Thomson A, Greaves
M, Whyte §. Greer [A: SPIN (Scoutish Pregnancy Interventiond
study: & multicenter, randomized conrolled tnal of lowmolecular
weight heparin and dvw-dose aspidn i women with recurrent
miscarriage. Bleed 2010 11541624167,

Kaandory 8, DE Nisio M, Goddiin M, mMiddeldorp 5. Aspirin or
anticoaguiants for weadng recurrent miscardage in women withou
aniriphaspholipid syndrome. Cochrane Datalare Sysr Rev 2008 21
CRO0AT A, )
Kaandorp SP. Goddijn M, van derPost JA, Hutten BA, Voerhoeve
HR, Hamulyak K. Mol B, Folkeringa N, Nahuis M, Papatsonis DN,
fulier HRE, van derVeen F, Middeldorp 3: Aspirin plus heparin or
aspitin alone in women with recurrent miscartiage. N Eng J afed
2010 362:1580-15%0.

Wagenknecht BR, Melnivee JA: Interaction of heparin with bera
2-glycoprotein [ and antiphospholipid in vitro, Thromb Res 1982
68495300,

American foursal of Reprotuctive Frunclagy 67 (2017 325-333

© 22 iohn Witey & Sons A/S

A
~3

48

49

58

3

W
e

54

i
Rl

Chamiev LW: Antiphospholipid avtibodies: biotogical basis and
prospective for ireaument. f Reprod Tmptonel 2002; 57:185-202,
Frankiin RB, Kunieh Wi FHews of unfractionated and low
molecuiar weight heparin in antiphospholipid aniibady binding in
vitrg, Obsief Gynecal 2003; 101:455-462,

Di Simone W, Caliandro D, Castellani R, Perrozzani §, De Carolls S,
Caruso A Low- molecular weight heparin restores in-vitro
trophoblast ovasiveness and differentiation in presence of
immuneglobulio G fracions obained from padents with
antiphosphalipid syndrome. Hum Reprod 1999; 14:489-4%3.

Rent R, Myhrman R, Flede! A, Gewt H: Potentlation of Cl-esterase
inhibltory activity by heparin. Chin Exp fmmunol 1976: 23:264-271.
weller 3. Yurt RW, Fedron U7, Austen KF: Modolarton of the
formation of the amplification convertase of complement C3b, Hy,
by native and commercial heparn. J Zxp Med 1078 147409421
Nimmnive H, Bawashdma ¥, Nagasaws T lshibition of complement
mediated laemolysis in parexyimal nocurmal hacmoglobinuria by
heparin of ow-molecuiar weight Reparin, 8rJ Hacmato! 2000
109:875-881.

Giranli &, Redecha P, Salmon JB: Heparin prevents
antiphaspholipid antbody-induced feial Joss by inhibiting
complemnent aciivation. Ner Med 20047 10122221226,

Moble L5, Kutieh WH, Laghey N, Franklin RD, Herrada J:
Antiphosphelipid antibodies associaled with recurment pregnancy
toss: prospective, muhicenter, controlled pilo siudy comparing
eatment with low molecudar welght hepatin versus unfractionaied
heparin, fert! Sterif 2083; 83684690,

Greey LA, Nelson-Pierey €0 Low-nolecular weight heparins for
thrormboprophyiasis and wreatment of various thromboerubolism in
pregnancy: & sysiemaiic review ol salety and efficacy. Bived 2005
1036401407,

Happe LE Farrelly EM, Swenford RH, Sarmes Mw: Cost and
pecirrence ol thrombecytopenia i patients receiving vernous
thramboembolism prophylaxds ollowing major orthopasdic
surgeries, J Throm thrompolvsls 2008; 26:125-131.

Richrer €, Sigrmana J, Lang P, Welrzel B, Huch A, Huch R:
Excretion of low molecular weight heparin in human mitk. 8/
Chin Pharvmace! 2001 32:708-710.

Clark SL, Porter TF, West FGr Coumarin derivatives and breast
feedng. Chster Gywocal 2000 95:938-940,

6 Robenson L. Wu 4, Langhome P, Twaddle S, Clark P, Lowe GD,

walker ). Greaves M. Brenkel §, Regan 1, Greer 2A: Thrombosis:
Risk and Eeonomnie assessment of Thrombephilia Screening
ETREATS) Suwby: Thrombophilia in pregoancy: a systematic
review, BrJ Heemate! 2006; 132:171-196, {mcta-analysis).

Kosmas 1P, Tatsiond A, Ioannidis J3 Asseviation of Leiden mutation
i facior V gene with hypertension in pregnancy and pre-cclampsia:
a mweta analysis, J Hypertens 2003, 23:1221-1228.

Chedk JH: A practical approach to the prevention of miscarriage:
Pap | - progesterane therapy. £fin Bxp Obst Gyrr 2009; 36:203-208.

323



