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Advances in the
management of the
antiphospholipid syndrome

Antiphospholipid antibodies (aPL) are a heterogeneous family of autoantibodies
directed against phospholipid binding plasma proteins. Of this family of
approximately 20 antibodies, the two most clinically significant are the lupus
anticoagulant (LA) and the anticardiolipin antibodies (aCL). The antiphospholipid syndrome (APS), as originally defined, refers to the association of
persistently positive titres of LA or aCL with either arterial and venous
thrombosis or recurrent miscarriage or thrombocytopaenia.1 In the two decades
since this description of APS, there has been an explosion of interest in the
relationship between aPL and adverse pregnancy outcome at all gestational ages.
The current obstetric criteria for the definition of the APS are shown in Table 1.
This review will focus on the laboratory diagnosis of aPL; recent in vitro and in
vivo findings that challenge the currently accepted concepts of aPL-related
pregnancy loss and the clinical implications of these findings. We will also discuss
the contentious association between aPL and infertility.

LABORATORY DETECTION OF ANTIPHOSPHOLIPID ANTIBODIES
Screening for aPL is subject to widespread inter-laboratory variation. The
performance of aPL assays is one of the most controversial issues in laboratory
haemostasis. There are several reasons for this. First, the detection of aPL is
significantly influenced by ‘pre-analytical variables’; second, a variety of
assays and instruments are used to detect the same aPL; and finally,
longitudinal studies report that the titres of aPL fluctuate over time.
Samples for detection of LA must be taken uncuffed and the sample doublecentrifuged within 1 h of venepuncture in order to prepare platelet-poor plasma
Shehnaaz Jivraj MRCOG, Clinical Research Fellow, Department of Obstetrics and Gynaecology,
Faculty of Medicine, Imperial College of Science, Technology and Medicine, London, UK
Rajendra S. Rai BSc MD MRCOG, Senior Lecturer/Consultant Gynaecologist, Department of
Reproductive Science and Medicine, Faculty of Medicine, St Mary’s Campus, Imperial College of
Science, Technology and Medicine, Mint Wing, South Wharf Road, London W2 1NY, UK
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Table 1 Clinical obstetric criteria for the diagnosis of antiphospholipid syndrome
1. One or more unexplained deaths of a morphologically normal fetus at or
beyond the 10th week of gestation, with normal fetal morphology
documented by ultrasonography or by direct examination of the fetus
or
2. One or more premature births of a morphologically normal neonate at or
before the 34th week of gestation because of severe pre-eclampsia or
eclampsia, or severe placental insufficiency
or
3. Three or more unexplained consecutive spontaneous abortions before the
10th week of gestation, with maternal anatomical or hormonal abnormalities
and paternal and maternal chromosome causes excluded

for assay. Difficulty in taking the sample or a delay in processing the sample
can lead to platelet activation and a false negative result.
No single test will detect all LAs and, ideally, a panel of assays should be
performed. In the clinical setting, this is often impractical and, if a single test is
to be performed, it should be the dilute Russell’s viper venom time (dRVVT),
which in a miscarriage population detects LA significantly more often than
either the activated partial thromboplastin time (aPTT) or the kaolin clotting
time (KCT).2 It is also imperative to test for both LA and aCL as there is little
cross over between positivity for one aPL and another (Fig. 1).
All test results should be confirmed on a repeat sample taken at least 6
weeks later. Individuals may have transiently positive tests which are not
thought to be of clinical significance and those with an initial negative test
result may be in the transient negative phase of their aPL cycle (Fig. 2).
Advances in the laboratory detection of aPL include the establishment of
national reference sera for lupus anticoagulant testing and the development of
monoclonal aCL which has rendered aCL testing more uniform.
Antiphospholipid antibodies bind to negatively charged phospholipids, a
phenomenon which is dependent on certain co-factors. Prothrombin is a co-factor
LA only

IgG aCL only

LA + aCL

2

IgM aCL only

Fig. 1 Distribution of antiphospholipid antibody subtypes in a miscarriage population
(n = 500).
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Fig. 2 Testing for anticardiolipin antibodies – transient positivity.

for LA and β2-glycoprotein I (β2-GPI), a naturally occurring anticoagulant, is a
cofactor for aCL. More recently, evidence is accumulating to suggest a role for antiβ2-GPI in recurrent miscarriage. A significant proportion of antibodies detected in
the conventional aPL assay may be directed against phospholipid-binding
proteins such as β2-GPI rather than against phospholipid itself. The binding of aPL
to β2-GPI inhibits its anticoagulant activity and is thus believed to predispose to
thrombosis. A recent case-control study demonstrated that women who
experienced unexplained recurrent miscarriage had a significantly higher
prevalence of IgA anti-β2-GPI and IgA aCL antibodies than fertile control women.3
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MECHANISMS OF PREGNANCY LOSS ASSOCIATED WITH
ANTIPHOSPHOLIPID ANTIBODIES
The mechanism of miscarriage and of later pregnancy complications amongst
women with the APS has traditionally been ascribed to placental thrombosis
which is supported by a considerable body of data. However, thrombosis is not
a universal finding and alternative mechanisms of pregnancy loss have been
sought. In vitro models of implantation have demonstrated that aPL directly
impair the function of both the uterine decidua and trophoblast, which may
cause an adverse pregnancy outcome.

THROMBOSIS
De Wolf et al. reported the first detailed histological examination of a placenta
obtained from a woman with an intra-uterine death in association with LA.4
Macroscopic examination revealed wide-spread areas of placental infarction
and microscopic examination showed obliteration of the intervillous blood
space. Spiral arteries of the basal plate demonstrated lesions of fibrinoid
necrosis, acute atherosis and intraluminal thrombosis. It was inferred that
reduced uteroplacental blood flow, as a result of these lesions, led to placental
infarction and subsequent fetal death. This initial report was subsequently
supported by several individual case and cohort studies.5

3
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The mechanism(s) of placental thrombosis associated with aPL remain
unclear. However, an attractive mechanism is what has come to be termed the
‘annexin hypothesis’. Annexins are soluble, hydrophilic proteins that bind to
negatively charged phospholipids in a reversible, calcium-dependent manner.
Annexin V is produced by villous trophoblast and, by binding with phospholipids, acts as an anticoagulant in the intervillous space. In vitro experiments
demonstrate that aPL reduce the levels of annexin V on placental villi thus
exposing the intervillous space to thrombosis.6

NON-THROMBOTIC PATHOGENESIS OF ANTIPHOSPHOLIPID
ANTIBODIES
Placental thrombosis is neither a universal nor a specific finding in aPL
pregnancy loss. Recent in vitro data, supported by histological evidence,
suggest that aPL pregnancy loss is, in some cases, due to defective embryonic
implantation and subsequent placentation. Embryonic implantation is a
complex process which involves a dialogue between the embryo and the
maternal decidua.
Circulating oestrogen and progesterone levels induce morphological changes
in the endometrium during the menstrual cycle. Secretory activity in glandular
cells and decidualisation of endometrial stromal cells occur in response to
activation of progesterone receptors in the luteal phase of the menstrual cycle.
When activated, these receptors have the ability to bind consensus DNA and
promote transcription. Prolactin (PRL) and insulin growth factor binding protein1 (IGFBP-1) are examples of genes whose expression increases during
progesterone-induced decidualisation in vivo. Mak et al. investigated the
response of endometrial stromal cells to the monoclonal anticardiolipin antibody
ID2.7 PRL and IGFBP-1 levels were measured after endometrial stromal cells were
subjected to a decidualisation stimulus and then exposed to ID2 or an irrelevant
antibody. The levels of both PRL and IGFBP-1 were found to be significantly
decreased after exposure to ID2 compared with exposure to the control antibody,
thereby demonstrating a direct effect of ID2 on endometrial function.
Trophoblast function is also affected by aPL inhibiting syncytialisation,
increasing placental apoptosis and impairing trophoblast invasion. Normal
placentation requires both extravascular interstitial and endovascular
trophoblast invasion of the decidua and maternal spiral arterioles.
Replacement of endothelial cells by endovascular trophoblast is preceded by
extravascular interstitial modification of the vessel wall by trophoblast. Sebire
et al. examined products of conception from first trimester miscarriages of 31
aPL positive and 50 aPL negative women with a history of recurrent
miscarriage and 20 control women with no history of recurrent miscarriage
undergoing surgical termination of pregnancy for non-medical reasons.8 In no
case was significant intervillous or intravascular thrombosis identified. In
addition, there was no apparent difference in interstitial extravillous
trophoblast invasion. However, endovascular trophoblast invasion was seen
significantly less frequently in aPL-positive cases compared with both aPLnegative cases or controls suggesting that in APS the defect lies more with
endovascular trophoblast invasion than intraplacental thrombosis. The

1. aPL bind to components on the cell surface of invading trophoblasts and
inhibit the function of other cell surface molecules or cause trophoblast
damage by activating complement.
2. aPL bind to endothelium of maternal vessels and prevent appropriate
trophoblast-endothelium interaction or lead to direct endothelial damage.
3. aPL bind to endovascular trophoblast directly, leading to abnormal
formation of endovascular trophoblast plugs.
Recent research in murine models has emphasised fetal regulation of
complement activation to modulate potentially damaging maternal immune
responses. Complement receptor 1-related gene/protein y (Crry) is a
regulatory protein whose role is to block C3 and C4 activation. In the murine
model, deficiency of this protein in utero is associated with embryonic loss due
to the inability of these embryos to suppress spontaneous complement
activation and tissue damage mediated by C3. Complement activation may be
required for the induction of fetal loss in vivo by aPL and, therefore, activation
of complement is a critical proximal effector mechanism in aPL-induced fetal
injury. In one study, female mice were injected intraperitoneally with either
IgG aCL or normal human IgG or saline and, in each group, some mice were
injected intraperitoneally with Crry. On day 15 of pregnancy, mice were killed,
uteri dissected, fetuses weighed and the presence of fetal resorption sites
noted.9 Treatment with IgG aCL was associated with a significant increase in
frequency of fetal resorption and a significant reduction in fetal weight
compared with mice treated with IgG aCL and Crry or normal human IgG
with or without Crry. In murine models, additional treatment with Crry in the
presence of IgG anticardiolipin antibodies appears to cause a reduction in fetal
resorption rate and an increase in fetal weight.
The expression of trophoblast adhesions molecules – α1 and α5 integrins, E
cadherin and VE cadherin – are also potential targets of aPL action. During
placental invasion, the expression of integrin α5 (an inhibitor of invasion) is
up-regulated first and then the expression of integrin α1 (a promoter of
invasion) is up-regulated next. Cadherins E and VE are two subtypes of the
cadherin superfamily, which are differentially expressed during the terminal
differentiation of human cytotrophoblasts. These two cadherin subtypes may
play discrete roles in the aggregation, differentiation and fusion of villous
trophoblast. Di Simone et al. investigated the effects, in vitro, of aPL on the
expression of α1 and α5 integrins and E and VE cadherins by cytotrophoblast
cell cultures.10 Treatment with IgG obtained from a patient with APS
significantly decreased α1 integrin and increased α5 integrin expression. IgG
aPL down-regulated VE cadherin expression and up-regulated E cadherin
expression compared with control IgG or untreated cell cultures. These results
suggest that dysfunction of trophoblast invasion, induced by aPL, can be
attributed to abnormal expression of trophoblast adhesion molecules.
In addition to impairing trophoblast invasion, aPL impair hormone
production by the trophoblast. Di Simone et al. reported that hCG secretion
was inhibited in vitro when gonadotrophin releasing hormone (GnRH) was
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mechanism by which aPL affect this process of normal trophoblast invasion
may be 3-fold:
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added to trophoblast cells incubated with aPL containing serum, whereas hCG
secretion was increased when GnRH was added to human trophoblast preincubated with aPL negative serum.11 This suggests that aPL could interfere
with GnRH-induced signal transduction.
These are all possible, non-thrombotic, mechanisms of aPL pregnancy loss.

RECURRENT MISCARRIAGE AND OBSTETRIC OUTCOME OF
ANTIPHOSPHOLIPID SYNDROME
APS is an established cause of recurrent miscarriage. The prevalence of aPL
amongst women with recurrent miscarriage (the spontaneous loss of three or
more consecutive pregnancies) is 15%.2 In contrast, the prevalence of these
antibodies in a low-risk obstetric population is 2%.12 The prospective
pregnancy outcome of women with APS is poor, with a 90% chance of a further
miscarriage in any untreated pregnancy.13 The majority of miscarriages (94%)
occur in the first trimester after the establishment of fetal heart activity.13

TREATMENT
A variety of treatment regimens have been used in attempts to improve the
poor live-birth rate amongst women with APS (Fig. 3).14 Low-dose aspirin in
combination with heparin remains the only treatment combination that has
been demonstrated in two randomised controlled trials to lead to a significant
improvement in the live-birth rate.15,16 This combination remains the first-line
treatment of pregnant women with APS.
In a prospective observational study of 150 pregnant APS women treated
with aspirin and heparin until 34 completed weeks of gestation, pregnancyinduced hypertension complicated 17% of pregnancies and 24% were
delivered before 37 weeks of gestation.17 In this study, 69% of preterm births
occurred at 34–36 weeks. Consequently, there appears to be a relationship
between cessation of treatment at 34 completed weeks of gestation and an
increase in preterm delivery rate at 34–36 weeks. A randomised trial is
currently being undertaken in our unit to determine whether continuing
Odds ratio

Prednisolone + aspirin
vs heparin + aspirin
Prednisolone + aspirin
vs aspirin or placebo
Heparin + aspirin
vs aspirin

54% increase in LB rate

Aspirin vs
placebo or usual care
0

6

1.0

1

2

3

4

Fig. 3 Meta-analysis of treatment for antiphospholipid syndrome (after Empson et al.14).

All women LA +ve LA/aCL IgG aCL IgM aCL
(n = 164) (n = 31) (n = 12) (n = 45) (n = 76)
Proteinuric hypertension
Non-proteinuric hypertension
Small-for-gestational-age infant
Placental abruption
Preterm delivery (< 37 weeks)

16
11
17
4
21

(10%)
(7%)
(10%)
(2.4%)
(13%)

4
2
5
1
6

(13%)
(6%)
(16%)
(3%)
(19%)

2 (17%)
1 (8%)
4 (33%)
0
2 (17%)

7
2
4
3
8

(13%)
(4%)
(9%)
(7%)
(18%)

3 (4%)
6 (8%)
4 (5%)
0
5 (7%)

LA, lupus anticoagulant; aCL, anticardiolipin antibody.

aspirin and heparin treatment until delivery decreases the incidence of late
pregnancy complications.
A subsequent study examined the role of uterine artery Doppler to screen for
uteroplacental insufficiency amongst pregnant women with APS. The presence of
early diastolic notches was assessed and pulsatility indices (PI) measured amongst
170 women with APS (32 with LA only, 47 with IgG aCL, 78 with IgM aCL and 13
with LA and aCL) treated with low-dose aspirin and heparin.18 Doppler scans
were performed twice – at 16–18 weeks and at 22–24 weeks of gestation. The
outcome measures assessed were the delivery of a small-for-gestational-age (SGA)
infant and the development of pre-eclampsia. Pregnancies associated with LA and
IgG aCL had the highest prevalence of complications and those associated with
IgM aCL in isolation had the lowest rate of complications (Table 2). Bilateral
uterine artery notches were present in 21% and 10% of women at 16 weeks and 24
weeks, respectively, and 26% and 12% of women had unilateral uterine artery
notches at 16 weeks and 24 weeks, respectively. A greater proportion of women
with LA than with aCL had uterine artery notches and a high PI. In assessing the
performance of uterine artery notches and PI as screening modalities for preeclampsia and SGA, the same study demonstrated no significant association
between uterine artery PI at 16 or 24 weeks and uterine artery notching at 16
weeks in predicting pre-eclampsia or SGA. Amongst women with LA, bilateral
uterine artery notches at 24 weeks predicted pre-eclampsia (likelihood ratio 12.8
for positive test and 0.27 for negative test result) and SGA infants (likelihood ratio
13.6 for positive test and 0.2 for negative test result.) Uterine artery notching at
22–24 weeks did not predict pre-eclampsia or SGA in pregnancies associated with
IgG aCL or IgM aCL. The authors suggest that this may be due to varying severity
of the disease process affected by different subtypes of aPL, with LA representing
the most severe end of the spectrum. Bilateral uterine artery notching therefore
appears to be a promising screening modality for pre-eclampsia and SGA in
women with LA. However, future larger studies (45 women in this study had LA)
are needed to confirm this finding before Doppler screening can be recommended
as routine for women with LA.
More recently, questions have been raised about the role of both aspirin and
heparin in improving pregnancy outcome in women with APS. One small,
double-blind, randomised controlled trial of 75 mg aspirin versus placebo in
women with aPL, failed to demonstrate a difference in live-birth rate.19 The other
study, purporting to be a randomised, controlled study of aspirin versus aspirin
and heparin amongst women with APS, reported no additional benefit to be
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gained by the use of heparin.20 Both studies can be criticised for their design,
laboratory assays, randomisation and interpretation.
In the study by Farquharson et al., the high live-birth rates, the low incidence of
perinatal complications and lack of benefit of heparin reported are entirely expected
as the majority of participants in this study did not satisfy the laboratory criteria to
be diagnosed as having APS.20 The study design also limits the value of the data.
Randomisation took place at up to 12 weeks’ gestation, yet data from the authors’
own unit show that after 8 weeks’ gestation the live-birth rate in on-going
pregnancies is 98%.21 Clearly, a number of women destined to have a successful
pregnancy were included. Twenty-four women (a quarter of the study cohort)
switched treatment arm, but no details as to the gestational age at which the switch
occurred is provided.
In our recurrent miscarriage clinic, women with a diagnosis of the APS are
commenced on 75 mg aspirin once daily as soon the urine pregnancy test is positive.
When an intra-uterine pregnancy is confirmed on transvaginal ultrasound scan, low
molecular weight heparin is commenced. A platelet count is checked every 2–4
weeks to screen for thrombocytopaenia, a rare side-effect of heparin administration.
Women are followed up fortnightly during the first trimester in an early pregnancy
clinic where ultrasound scans are done and where they are seen by clinic staff to
maintain continuity of care. Both aspirin and heparin are continued until 34
completed weeks of gestation.

WOMEN REFRACTORY TO ASPIRIN AND HEPARIN
Although the combined use of aspirin and heparin results in a high live-birth rate,
there is a cohort of women refractory to this treatment combination. Consequently,
alternative therapeutic modalities are currently under investigation. One such
modality is intravenous immunoglobulin (IVIG); the rationale for use is the antiidiotypic down-regulation of auto-antibody production. The only randomised
controlled study of the use of IVIG amongst pregnant women with aPL was of
insufficient power to determine any difference in live-birth rates between IVIG and
combination treatment with aspirin and heparin (n = 16).22 The preterm delivery
rate and birth weight were similar in the two groups, but fewer cases of intrauterine growth restriction (IUGR) and neonatal intensive care unit (NICU)
admissions were seen in the group given IVIG although the differences were not
statistically significant (IUGR:IVIG, 0% versus placebo 33%; NICU:IVIG, 20% versus
placebo 44%). This suggested a possible beneficial effect of IVIG. However, until
well-designed, randomised, controlled trials of sufficient power are conducted,
IVIG is best reserved for cases refractory to treatment with aspirin and heparin.

OSTEOPAENIA AND LONG-TERM HEPARIN THERAPY

8

Osteopaenia is a major concern of long-term heparin therapy. Heparin appears to act
as a chelating agent with binding to calcium ions resulting in secondary
hyperparathyroidism. This enhances bone resorption by directly impeding
osteoblast activity and enhancing osteoclast activity with effects on the skeleton by
disturbing the bone matrix mucopolysaccharides leading to defective
ossification.23,24 Results of several clinical studies have shown that long-term
treatment with heparin during pregnancy results in a reduction of bone mineral
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density (BMD). However, studies have also shown that a reduction in bone mineral
density occurs in untreated pregnancies as well.25,26
In a prospective study of 123 women treated with aspirin and heparin for APS,
dual photon X-ray absorptiometry (DEXA) was used to measure BMD at the lumbar
spine (L2–L4), the neck of femur and the forearm at 12 weeks of gestation (baseline),
immediately post partum (within 2 weeks of delivery) and 12 weeks’ post partum.27
In this study, 46 women took unfractionated heparin and 77 women took low
molecular weight heparin. Overall, there was a significant decrease in the BMD at
both the lumbar spine (3.7%; P < 0.001) and at the neck of femur (0.9%; P = 0.007),
but not at the forearm between 12 weeks of gestation and immediately post partum.
No significant difference in BMD changes during pregnancy was found between
those women receiving unfractionated heparin and those receiving low molecular
weight heparin. The results of this large study were similar to those of prospective
studies of BMD changes in untreated pregnancies.25,26 The same study also found
that 8% of women were osteopaenic at the lumbar spine at 12 weeks’ gestation
indicating that a considerable proportion of women have low bone density prior to
pregnancy. In addition, women who breast fed were found to have significantly
lower BMD compared to women who did not breast feed.
Women requiring thromboprophylaxis during pregnancy can, therefore, be reassured that loss in BMD of the lumbar spine associated with the use of heparin as
thromboprophylaxis during pregnancy is similar to that which occurs
physiologically during untreated pregnancies.

ANTIPHOSPHOLIPID ANTIBODIES AND INFERTILITY
The role of aPL in failure of successful implantation after IVF by embryo transfer (IVFET) is a matter of controversy. Some authors report that circulating aPL may be
responsible for implantation failure whereas others cast doubt on this opinion. A
recent review of published data demonstrated that most studies have reported an
increased prevalence of aPL among women undergoing IVF-ET.28 However,
prospective studies examining the effect of aPL on the outcome of IVF-ET demonstrate that aPL do not significantly affect implantation and on-going pregnancy
rates.29 The increased prevalence of aPL among women with infertility may,
therefore, be part of a generalised autoimmune disturbance associated with infertility.
A prospective observational study of 380 women attending our unit who were
undergoing their first IVF cycle, reported that although the prevalence of aPL (aCL
or LA) was higher in the population referred for IVF-ET compared with a normal
fertile population (23% versus 2%; P < 0.05), there was no significant difference in the
future viable pregnancy rate (9% versus 12.4%; P = 0.45) or live-birth rate (9% versus
12%; P = 0.57) in women who were aPL positive and aPL negative, respectively.30
Routine screening for aPL among women undergoing IVF-ET is not warranted
and therapeutic interventions should be used only in well-designed, randomised,
controlled trials.

CONCLUSIONS
Recent in vitro data challenges the concept of aPL pregnancy loss being purely
thrombotic in origin. Emphasis is now placed on the deleterious effects of these
antibodies on embryonic implantation.
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Aspirin in combination with heparin remains the treatment of choice for
pregnant women with APS. Successful pregnancies are characterised by a high
incidence of pre-eclampsia, intra-uterine growth restriction and preterm
labour. Future research should be aimed at assessing the optimum duration
and timing of the dose of heparin.
Further experience with aspirin and heparin therapy has shown a cohort of
women with APS who are resistant to this treatment. Intravenous
immunoglobulin is a promising therapy but, until randomised controlled
studies of sufficient power to determine efficacy are conducted, this treatment
should only be used in the context of a clinical trial.

Key points for clinical practice
• Laboratory testing for aPL (aCL and LA) should be done
according to internationally agreed standardised guidelines.
• Although thrombosis is frequently observed in the decidual and
placental vasculature of women with APS, this finding is neither
universal nor specific to aPL pregnancies.
• Recent evidence suggests that aPL impair both decidua and
trophoblast function via mechanisms unrelated to thrombosis.
• The established treatment for pregnant women with APS is
aspirin (75 mg daily) as soon as a urinary pregnancy test is
positive and either unfractionated subcutaneous heparin (5000
IU, 12-hourly) or low molecular weight heparin (Enoxaparin 20
mg once daily) until 34 completed weeks of pregnancy.
• Treated pregnancies amongst women with APS remain at-risk for
pregnancy-induced hypertension, intra-uterine growth restriction
and preterm labour. These pregnancies should be managed in a
unit with specialist obstetric and neonatal intensive care
facilities.
• Use of heparin in prophylactic doses during pregnancy is not
associated with significant loss of bone mineral density over and
above that which occurs physiologically in untreated
pregnancies.
• Routine screening for aPL in women undergoing IVF-ET is not
warranted.
• Intravenous immunoglobulin at present is best reserved for cases
refractory to treatment with aspirin/heparin in the context of a
controlled clinical trial.
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