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introduction

The antiphospholipid sywdrome

{APS)

Recommendations for the use of heparin {or preventing 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 antiphospholipid 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 if the main thera-
peutic effect is in inhibitdon of thrombosis when the heparin could be
started at the time in the Hrst trimester when the platelets become
thrombophilic or does its main role in Improving Implantation in which
it would be started shortly before or shorly after ovulation. Possibly
heparin is superior 1o LMWH in improving the implantation process
though more studies are needed to corroborate or refute this suggestion,
At present inherited thrombophilias are not 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-
g miscarriage {rom unexplained causes. Heparin is effective alone and
there does not appear to be any extra benefit from adding aspirin {or
ever aspirin may negate some of its benefits).

immunopathology ~ antiphospholipid syndrome

was Hrsy ,_, | | ]
Thrombosis and Placental Infarction

described in 1983." Antiphospholipid antibodies (aPL)
are a group of autoimmune antibodies that bind 1o
negatively charged phospholipids (predominantly B2-
glycoprotein 1), and they are associated with throm-
botic events that could lead 1o pregnancy Joss.”

Although they have been associated with a wide
variety of clinical disorders and obstetric complica-
tions, the focus of this manuscript will be on the role
of these autcantibodies in early (<10 weeks) and
late {>10 weeks) miscarriages and the ymportance of
heparin in the prevention of miscarriage related to
AFPS,

Furthermaore, the efficacy of heparin or low molec-
ular heparin in preventing miscarriage for inherited
thrombophilias or {for unexplained recurrent miscar-
riage will be reviewed.

The principal manifestation for APS is thromboem-
bolism, The underlying basis for the hypercoagulable
state in APS is complex and involves altered activity
of all three major components that govern hemostat-
is: platelets, Bbrinolysis, and the coagulation cascade.
These aPLs inhibit both protein C activation and the
formation of activated protein C, thereby preventing
the inactivaton of factor V and VI This inhibition
is conditional upon the presence of beta two glyco-
protein I that is a prerequisite for the binding of aPL
to protein C.°

Other prothrombotic activities may be involved
including tssue factor an initiator of the extrinsic
coagulation cascade.*™® Also aPL can further up-regu-
fate adhesion molecules, for example, E-selection,
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intercellular adhesion melecule I, ang vascular cell
adhesions molecule 1 expression.” Also aPL can
increase the secretion ol proinflammatory cvtokines,

for example, interleukin one beta and interleukin-6.”

Decreased endothelial cell prostacyciin (PGI2), the
principal  inhibitor of platelet aggregation, and
increased thromboxane AZ production by plawelets
may also predispose to thrombosis.” Arachidonic acid is
required for PGL2 production, and aPL inhibits arachi-
donic adid release.” Not only does PGI2 inhibit throm-
botic aggregation but it is a potent vasodiiatar. Thus,
the combination of vasoconsiriction from decreased
PGI2 and increased risk of thrombeosis formation and
plateler activation from both decreased PGI2 and
increased thromboxane A2 leads to compromise of
fetal blood supply and could lead 1o miscarriage.

Other Mechanisms of Fetal Loss Associated
with aPL

The classic congept is that aPL leads 1o miscarrage
related to their effect on negatively charged phospho-
lipids leading to thrombosis with subsequent placental
infarciion. Although thrombosis is observed fre-
guently in the deciduas and placentas of patients with
APS, this observation is not seen in all such patienis.
Furthermore, it does not present in sufficient degree
to adequately explain pregnancy loss with APs. 'Y

Inflammation mayv be responsible for a significant
part of the APS syndrome, Deciduas from women
with APS showed more necrosis and acute inllamma-
tion compared to women with normal pregnancies.’

Some data suggest that 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. ®

Some murine studies have shown that comple-
ment activation is a central mechanism of antiphosp-
holipid antibody-induced pregnancy loss  related
especially to the cleavage product C5a of comple-
ment component C5.'°

Types of Antiphospholipid Invoived in the APS

The antiphospholipid syndrome refers 1o various preg-
nancy complications including early miscarriage. late
first-trimester  or mid-trimester  miscarriage, preg-
nancy-induced hypertension, pre-eclampsia, and
intrauterine growth retardation with or without other
thromboembolic complications related 1o a heteroge-
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neous group of aurcantbodies directed against ditfer-
ent antigens predominandy anionic phospholipids- or
phospholipids-containing structures. The first study
implicating that phospholipids antibodies could be an
etioclogic factor in miscarriage was published by Hughes
in 1983, and it referred to the lupus anticoagulant. !
The lupus anriceagulant is an antiphospholipid anti-
hody that prolongs phospholipids-dependent clotting
assays. The clouing defect is not corrected with normal
plasma but with the addition of phospholipids.’

There are aPls that do not prolong phospholipid-
dependent clouing assays, and they are usually mea-
sured by ELISA assay. These other aPLs are listed in
Table I There have been several published manu-
scripty ascribing vartous degree of importance to spe-
cific aPLs. For example, antiphosphatidviethanolamine
(aPE) and antphosphatidvlserine (aP8) have been
irmpiicated as being associated with early Hrst-trimester
miscarriage.’* Nevertheless, aPls especlally in Jow
titers are frequently present in women without a his-
tory of miscarriage. American College of Obstetricians
and Gynecologist {ACOG) has provided guidelines in
Bulletin 118 10 prevent women unlikely to have the
APS from being reated with a potentally 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 o the diagnosis of APS: the lupus anticoagulamn,
anti-beta vwo glycoprotein 1 (IgG and IgM};” They
also recommend that the APS not be considered unless
at least one of these ests is positive in a titer »40 GPL
or MPL units for anticardiolipin antibody or standard
IgG units, or SMU »92th percentile for a normal popu-
ladon {or anti-beta two glycoprotein 1 12 weeks apant
lupus anticoagulant is either positive or negative.'”
The ACDG bulletin #118 refers to the study by Tebo
et al.'® who stated ‘some laboratories offer testing
oftenn in a panel of tests for other phospholipids anti-
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bodies. Results from such assays do little 10 improve
the accuracy of the diagnosis of P5, and westing of such
antibodies is not recommended’,

Some studies suggest thar when the more strict
requirement of aPL tter >40 GPL or MPL was not
followed, the pregnancy loss rate was more than
twice as high if a2 woman was positive for aCL versus
lupus anticoagulant {38% versus 16%). " '°

immunopathology - inherited thrombophilias

The Hereditary Thrombophilia

A list of the inbom or hereditary thrombaophilias is
seent in Table I These conditions have been associ-
ated with an increased risk of thromboembolic
pathology.

As the initial assumption was that amtiphosphol-
nid antibodies that are also assodated with thrombo-

embolic pathology were similarly associated with

pregnancy loss on a thrombosisfinfarction  basis
(which actually may not be truel. it was assumed
that the hereditary thrombophilia may similarly be
associated with placenial thrombosis.'” However,
another study found a high frequency of placental
infarcts (~5%0%) in women with thrombophiila and

miscarriage but found a similar frequency in women

without thrombophilia.®® In fact, there is evidence
that not eonly in hereditary thrombophilia but in
APS, thrombosis has not been convincingly demon-
straied in decidual vessels but, in fact, fetal throm-
botic vasculopathy is found and may be related to
| | eIl 21,22
pathology other than a tendency for thrombosis,

7 Fob

Current clinical approach

Antiphospholipid Syndrome

According to ACOG Bulietin 118 not all women
stiould be screened for APS but select individuals as
listed in Tabile L
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Some data suggest that aspirin could protect the
trophoblast from damage after placentation has been
established.” Of course, low-dose aspirin blocks the
conversion of arachidonic acid to thromboxane A2
that aguregates platelets and causes vasoconsing-
ton.* As low-dose aspirin seems to be devoid of
major side effects other than a slight risk of small
vessel biceding during surgical procedures, it has
been induded in most therapeutic paradigms since
the discovery of the APS because the main concept
at that time was that placental thrombosis was the
most likely cause of fetal loss. Aspirin was consid-
ered a relatively harmless potential adjunctive thera-
peutic agent that could possibly help but would not
hurt., In fact, in borderiine cases of APS, 11 was
empirically used by iwsell without addition of hepa-
vin. Though several siundies have shown the combi-
nation of heparin and aspirin is superior 1o aspinn
alone in enhancing ive birth in women with recur-
rent pregnancy loss and the presence of antiphosp-
holipid antibodies. There is a paucity of studies
evaluating aspirin versus placebo in these circum-
stances.”” Similarly, there is a paucity of studies
comparing heparin versus heparin plus aspirin to
determing whether aspirin adds any benefit or in
fact could be detrimenial in APS.

The current clinical approach for the treatmnent of
women with a history of miscarriage and the pres-
ence of antiphospholipid antibodies has been pro-
vided by the American College of Obstetricians and
Gynecologist (ACQG) No. 118.%° The first thing
emphasized s 1o properly identily women with true
APS svndrome. For diagnosis of APS, they refer to
the study of Miyakis et al.*® They state 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 ol vascular thrombosis {(including
arterial, venous, or small vessel thrombosis in any
tissue or organ) or certain specific types of preg-
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nancy morbidity. These morbidities include {1} one
or more unexplained deaths ol a morphologically
normal fetus at or bevond the 10th week of gesta-
tion with normal fetal morphology documented
either by sonography or by direct examination of
the fetus, and (i) three or more unexplained consee-
utive pregnancy losses before the 10th week of preg-
nancy of chromosomally normal feruses without any
maternal hormonal or anatomic explanaton.'™ % In
addition., the ACOG committee will consider a
woman as having APS if she has Iaboratory criteria
and has had one or more premature births bhetore
34 weeks of a morphoiogically normeal neonate
because of eclampsia, severe pre-eclampsia, or evi
dence of placental insufficiency.!”4°

The ACOG Bulletin No. 118 mentions that
patients enrolled in most published series besides
heparin also received low-dose aspirin, but they sta-
ted ‘the benelit of adding aspirin for thig indication
is unknown®.'” They refer to the systematic review
of Empson et al. published in 2002 that found that
the combination of heparin and aspirin may reduce
pregnancy loss rate by 50% when properly sglected
women with APS are treated.®’

Since that time, the authors have completed a
more updated {2011} Cochrane review. They
reviewed 13 studies with 849 particpanis, but they
adinit that the guality was not high related to differ-
ent selection criteria and only 30% had clear evi-
dence of allocation  ¢oncealment, Only
unfractionated heparin combined with aspirin vas
shown to reduce the incdence of pregnancy loss (by
54%},23 Low molecular weight heparin {(LMWH)
combined with aspirin did not significantly reduce
pregnancy loss through the point estimates were in
the direction of benefit, suggesting LMWH probably
has some benefin.*® However, the Systemalic review
could not find any adequate studies comparing the
efficacy of unfractionated heparin versus LMWH.*
Importantly, this review found three studies that
found no benefit of aspirin in reducing pregnancy
loss.*® It is interesting that in the ACOG Rulletin No.
118 (2011), they also refer to heparin, so it is
unclear whether they simply mean unfracioned
heparin only or is it a wider term that would include
LMWH? Finally, the review by Empson et al.®® did
not find any advantage of high versus lower dosage
unfractionated heparin. Hopeftully, future meta-anal-
ysiy or prospective studies will follow the new ACOG
guidelines for diagnosing APS, so that & more uni-
form data set can be evaluated. As mentioned, some
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of the conclusions of previous studies and the meta-
analyses could be erronecus by including women
wht by present ACOG oriteria would not be consid-
ered to have APS.

Inherited Thrombophilia

There had been some previous meta-analyses, one
matched-contrelled study, and a retrospective review
that suggested that there was an assoclation between
inherited thrombophilias and frst-trimester miscar-
riage. % However, prospective studies failed to find
any assoclation with factor V Lelden mutation nor
with the prothrombin G202310A.°°7%

One publication suggested that the one hereditary
thrombophilis with the most evidence suggesting an
asspciation with carly Hrst-trimester losses is hype-
rhomocysteinemia.®” Others state that factor V Lei-
den mutation is the thrombophilia most associated
with second-trimester losses.”® In reality, evidence
Hinking inherited thrombophilia with miscarriage is
wenk which supports growing suspicion that throm-
bosis may not be the main reason for tiscarriage
with the APS,

Lockwood and Wendell in ACOG Bulletin 124
September 2011 concluded after crivwally reviewing
all manuscripts related to miscarriage and inherited
thrombophilia that "whereas meta-analysis and a ret-
rospective cohort study have revealed an assodation
herween inherited thrombophilia and Hrst-trimesier
oregnancy  loss, prospective cohort studies have
found no association between thrombophilia and
fetal loss’.”’

Thus, 1t dogs not seem reasonable 1o order an
inherited thrombophilia panel lor unexplained first-
trimester recurrent miscarriage {except possibly a
homocysteine level), I is not unreasonable to obtain
such a panel for unexplained second-trimester losses
and consider therapy even without a history of
thramboembolisim 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 blood How and improve
endometrial thickness.”® As previously mentioned,
diminished blood flow on the maternal side could
explain thrombosis on the fetal side, and this could
be theoretically how aspirin helps prevent miscar-
riage. However, other studies failed to corroborate
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the beneficial effect of aspirin on urerine blood flow,
and one study found, in fact, a significantly lower
pregnancy rate following frozen embryo transter in
the group taking aspirin  wersus unireated (for
thromboprophylaxis) controls.””

A multicenter randomized controiled wrial of
LMWH and low-dose aspirin plus intensive preg-
nancy surveillance resuited in a 22% miscarriage
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 miscarriage, Alternatively, the proponents
for using heparin could argue that the aspinn
negated the beneficial effect of the heparin, and the
LMWH was started 100 late in the pregnancy, that is,
it should have been started belore bnplantation or
with implantation, or uniractioned rather than
LMWH is better for this category.

A Cochrane meta-analysis published prior to the
SPIN study found only two studies that could be
used in their review but found no evidence {or ben-
efit of heparin or aspirin compared with placebo.
Rased on the maternal risk {though szl smail} 1o
the mother of bleeding, thrombocytopenia, osteopo-
rosis, and bone fractures, the authors recommend
not 1o use either agent for unexplained recurrent
miscarriage. ' Another prospective RCT published in
2010 similarly found no benelit ol adding heparin o

‘aspirin for unexplained recurrent miscarriage, and ag

previously mentioned, there are no data showing
benefits of aspirin in this group.™ Thus, in the pres-
ent era of treating unexplained recurrent miscar-
riage, aspirin, heparin, or the combination of both 18
not indicated.

Potential ciirical approach

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

330

on inhibiting placentation and thus trophoblast inva-
siveniess and differentiation.®

As previously mentioned earlier in the chapter,
compiement spilt products, especially £©5, are media-
tors  of  antiphospholipld  antibody-induced  fetal
injury. Heparin has been shown to have anticomple-
mentary effects by inhibiting complement activation

at various points.®™ A murine study found that

heparin and LMWH ({(enoxaparin) protected mice
from fetal absorption from passive wransier of human
I containing anitiphospholipid antibodies, whereas
neither fondaparinox nor hirodin which are anticoag-
wlants that do not inhibit complement activauon
imhibited murine fetal loss despite anticoagulation
levels.”” Heparin also initiated €3 deposition in decid-
uas of mice infused with antiphospholipid antibod-
tes.”" Also heparin in such small dosages that it did
not provide any anticoagulant effect but could sull
inhibit complement activation also still protected the
mice.”" Thus at least based on these murine studies, it
seems that merely inhibiting coagulation is not suifi-
cient to adequately protect fetal loss from antiphosp-
holipid antibodies. This could explain why there 15 an
association of the coagulopathy known as APS with
miscarviage and why heparin or LMWH improves
chances of live birth, whereas the hvpercoagulable
state related to inherited thrombophilia is not as obvi-
ously associated with fetal loss, and unfractionated
LMWH is of dublous value in preventng fetal loss in
the presence of inherited thrombophilia.

Some advocate the start of heparin as soon as a
positive pregnancy test is achieved, and others sug-
gest that it is sufficient to initiate with the first sign of
ultrasound evidence of pregnancy. However, hased
on the suspicion that the main elffect may be with
implantation and placentation, the gquestion arises as
to whether heparin should be started immediately
after ovulation or even before ovulation, Randomized
controlled trials should be conducred 1o derermine
the best staning time of heparin. Also the history of
the timing of miscarnage, that is, early hrst tnmester
versus late frst or second trimester, may dictate the

starting time of heparin, that is, are early losses more

related 1o trophoblast invasion, implantation, and
placentation issues, whereas are late losses more
related 1o thrombosis or are late losses related 1o ear-
Her evenis also?

Although It is clear that enoxaparin is equally as
effective as an anticoagulant as unfractionated hepa-
rin, it is not ddear that it is equally as potent in
inhibiting complement actiivation or the other powen-
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tial benefits of unfractionated heparin such as
anti-inflammatory effects in women with three mis-
carriages or more with antiphospholipid angbodies,
So far, there has been only one study with a reason-
able number of patients enlisted comparing unirac-
tionated heparin plus aspirin o only LMWH {plus
aspiriny and found comparable miscarriages raies
(20%  versus 16% miscarnage rated.”’ However,
adherence to the new siandards ol diagnosing APS
according to the latest ACOG bulletin was not lol-
lowed, and it could be that many did not actuauy
have APS. There is still need o detenming whelher
unfractioned heparin and LMWH are equally effec
tive in achleving live deliveries in women with APS.
The most dreaded risk of unifractionateg heparin
was rare but potentially letal thrombocyiopenia. Al
one time, it was thought that using LMWH would
markedly reduce the risk of thrombocytopenia.”
However, more recently the risk of thrombocytopenia
has been found to be the same with both agents.™

Author’s personal optruon
I think that most recent ACOG guidelines are rea-
sonable and emphasize evidence-based medicine

though compromised by a paucity of prospectively

designed srudies. These guidelines will allow the
greatest number of women given proper heparin
without a huge number of women mistreated with a
potentially dangerous and very expensive drug.

Nevertheless, one must realize that these are only
guidelines. A physician has to consider the guide-
lines but must make decisions on a case by case basis
and realize that there are exceptions (o everv rule.

For example, 1 would certainly ireatl a woman
with heparin if she had aClL IgG >40 GPL who has
had ounly two rather than three early miscarriages.
Similarly, I would treat a woman with heparin who
had a history of unexplained second-trimester 10355
but whose aCL GPL was 29 not >40.

Until I see more data, T will continue w also obtain
measurements of antiphosphatidyiserine and ethanol-
amine and consider heparin therapy if the dter was
consistently over 40 especially IgG. T will still order
serum homocysteine levels for unexplained frst-rri-
mester miscarriages and still consider heparin even
without a history of thrombosis, Similarly for unex-
plained late first-trimester or second-trimester losses,
! would consider heparin for factor V Leiden muta-
rion, and thus, I would siill obtain measurements for
factor V Leiden mutation in the right clinical drcums-
stance but not for recurrent first-trimester losses,
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For APS, I would begin heparin immmedialely alter
ovulation to help implantation and placentation of
the invading wrophoblast for not only women with 3
history of Hrst-trimester losses but also mid-trimester
losses. For Hrst-trimester miscarriage possibly related
to hyperhomocysteinema, I would begin heparin
once pregnancy was established. For second-trimes-
ter losses, 1 would begin heparin after ulirasound
contfirmation of pregnancy 1o reduce the risk of {rac-
tures and osteoporosis and of course to save money.
I would continue treatment 6 weeks postpartum for
all these clreumstanees. Netther heparin nor warlarin
accumulates in breast milk, so that I have no objec-
tion to switching to warfarin postpartum.”*>>

My preference is to use unlractioned hepann
given the recent realization that LMWH also risks
thrombocytopenia. I choose unfractionated heparin
hecause it may better prevent complement activation
than LMWH, and I think the data suggest that com-
plement activation may be the ane of the major
ways that antiphospholipid antibodies cause fetal
damage. Also unfractionated heparin s much less
expensive than enoxaparin. Furthermore, should
emergency surgery or an epidural be needed, the
tme interval from stopping of the unfractionated
versus LMWH to be safe from bleeding is much
shorter with the former versus latter.

Finally based on our own studies and lack of other
convincing evidence of benefit, 1 will weat with un-
fractionated heparin alone and not use aspirin either
combined or alone for APS. I would not use aspirin
either for inherited thrombophilias or unexplained
recurrent miscarriages,

As far as inheriwed thrombophilias, 1 agree with
the statement from the ACOG Practice Bullerin No.
124 {2011y that ‘most of the available studies are
small case conrolled and cohort studies assembled
in heterogeneous pomilation, are frequently contra-
dictory and displav potential reporting biases.”®”’
Thus, | would consider ordering an inherited throm-
bophilia panel for unexplained second-trimester
losses or @ woman with a history of thrombosis if an
inherited thrombophilia was detected, but I would
tend 1o dissuade treatment for fivst-trimester losses.

For unexplained miscarriage withoul APS or evi-
dence of an inherited thrombophilia, my preference
ic not w0 weat with heparin or as stated aspinn
because of lack of evidence of any benefit and risks
of therapy., My preference is 1o empirically supple-
ment the luteal phase with progesterone and con-
tinue through the frst trimester. The reasons for this
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therapy as a personal prelerence have been pre-

sented in an editoria
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