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Summary

Obstetric complications are the hallmark of antipho-
spholipid syndrome. Recurrent miscarriage, early
delivery, oligohydramnios, prematurity, intrauterine
growth restriction, fetal distress, fetal or neonatal
thrombosis, pre-eclampsia/eclampsia, HELLP syndro-
me, arterial or venous thrombosis and placental in-
sufficiency are the most severe APS-related compli-
cation for pregnant women. Antiphospholipid anti-
bodies promote activation of endothelial cells, mo-
nocytes and platelets, causing an overproduction of
tissue factor and thromboxane A2. Complement ac-
tivation might have a central pathogenetic role. The-
se factors, associated with the typical changes in the
hemostatic system during normal pregnancy, result
in a hypercoagulable state. This is responsible of
thrombosis that is presumed to provoke many of the
pregnancy complications associated with APS. Ob-
stetric care is based on combined medical-obstetric

high-risk management and treatment with the asso-
ciation between aspirin and heparin. This review
aims to determine the current state of the art of APS
by investigating the knowledge achievements of re-
cent years, to provide the most appropriate diagno-
stic and therapeutic management for pregnant women
suffering from this syndrome.

Key Words: antiphospholipid; thrombophilia; hypercoagula-

bility; thromboprophylaxis.

Introduction

Antiphospholipid Syndrome (APS) is an autoimmune throm-
bophilic condition that is marked by the presence in blood
of antibodies that recognize and attack phospholipid-bin-
ding proteins, rather than phospholipid itself (1). The cli-
nical manifestations of APS include vascular thrombosis
and pregnancy complications (2), especially recurrent spon-
taneous miscarriages and, less frequently, maternal
thrombosis (3). Many other clinical manifestations may oc-
cur (4, 5).
Presence of antiphospholipid antibody (aPL) alone, in the
absence of typical clinical complications, does not indicate
a diagnosis of APS; long-term asymptomatic aPL-positi-
ve patients exist. When diagnosed in patients with un-
derlying autoimmune disease (usually Systemic Lupus Ery-
thematosus, or SLE), APS is termed secondary APS; in
otherwise healthy persons it is termed primary APS. Ca-
tastrophic Antiphospholipid Syndrome (CAPS) repre-
sents the severe end of the spectrum with multiple organ
thromboses in a rapid period of time. Multiorgan failure has
been described during pregnancy by Asherson (6) and du-
ring postpartum by Kochenour (7).
The clinical spectrum of this syndrome has widened (8, 9),
with important advances in the knowledge of its patho-
genesis and clinical management made during the past
several years.

Materials and Methods

In this work, we aimed to offer an up-to-date view of the
main pathophysiological, clinical, diagnostic and therapeutic
advances in Antiphospholipid Syndrome. 
The literature search was done from 2006 to 2011, focu-
sing more on the latest research. The PubMed database
was used with the medical subject heading terms “anti-
phospholipid syndrome” OR “antibodies, antiphospholipid”
OR “lupus anticoagulant”. The Cochrane database of syste-
matic reviews was searched, with the key word “antipho-
spholipid”. We obtained additional articles from referen-
ce sections of the selected manuscripts. We paid special
attention to systematic reviews, randomised clinical trials,
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consensus documents and review articles focused on the
diagnostics and therapy of Antiphospholipid Syndrome. Ol-
der articles were also included to draw attention to pa-
thogenetic, clinical, and epidemiological issues.

Discussion

Etiology and Pathogenesis
Like other autoimmune disorders, APS does not have a
known etiology. There are several hypotheses to explain
the probable cause (10):
• Passive transfer of maternal antibodies mediate au-

toimmune disorders in the fetus and newborn. The me-
chanism of excess autoantibody production and im-
mune complex formation is not well understood, al-
though current investigation is focused on abnormal
regulator functions and the possibility of a slow virus
infection. 

• Familial occurrence of aPL has been reported, and sug-
gested genetic associations include HLA-DR4, DR7,
DRw53 and C4 null allele (11).

• PL molecules are ubiquitous in nature and are present
in the inner surface of the cell and in microorganisms.
Therefore, during infectious disease processes, in-
cluding viral (eg, HIV, Epstein-Barr virus [EBV], cyto-
megalovirus [CMV], adenoviruses), bacterial (eg,
bacterial endocarditis, tuberculosis, Mycoplasma
pneumonia), spirochetal (eg, syphilis, leptospirosis,
Lyme disease), and parasitic (eg, malaria infection),
the disruption of cellular membranes may occur du-
ring cell damage. PLs release and stimulate aPL an-
tibodies.

Antiphospholipid antibodies can be broadly categorized into
those antibodies that prolong phospholipid-dependent co-
agulation assays, known as lupus anticoagulants (LA), or
anticardiolipin antibodies (aCL), which target a molecular
congener of cardiolipin (a bovine cardiac protein). Lupus
Anticoagulants (LA) reduce the coagulant potential of the
plasma and prolong the clotting time in coagulation tests
based on the activated partial thromboplastin time (12).
Consensus guidelines recommend screening for LA with
2 or more phospholipid-dependent coagulation tests
(13). Anticoagulant therapy may interfere with the detec-
tion of LA (14). Anticardiolipin Antibodies (aCL) share
a common in vitro binding affinity for cardiolipin and can
be detected using enzyme-linked immunosorbent assays.
Enzyme-linked immunosorbent assay tests for aCL are
poorly standardized and aCL testing has shown poor con-
cordance between laboratories (12). Both LA and aCL may
demonstrate specificity for b2-glycoprotein I (b2GPI)
(15,16). In fact, even if many other antigenic targets have
been described, including proteins C and S, prothrombin
(17) and annexin V (18), the major antigen recognized by
antiphospholipid (aPL) autoantibodies is b2-glycoprotein
I, also known as apolipoprotein H, a member of the com-
plement control protein, or short consensus repeat (SCR),
superfamily. The protein has a fishhook shape and binds
to anionic phospholipid bilayers through cationic and hydro-
phobic aminoacids in the fifth of its 5 SCR domains, near
the carboxyterminus (19). Recent evidence has indicated
that a subset of aPL antibodies (Anti-b2-glycoprotein I
antibodies) (20,21) associated with increased risk of throm-
bosis and embolism recognize an epitope in domain I of
�2GPI that consists of Gly40-Arg43 (22,23). It has been

suggested that antibody-mediated dimerization and pen-
tamerization of b2GPI increase the affinity/aviditity of an-
tibody-b2GPI immune complexes for phospholipid and that
this increase may be responsible for the pathogenic effects
of aPL antibodies (23). The laboratory assay for these an-
tibodies is not standardized, making comparison between
studies difficult (16). There is some evidence that these
antibodies are more specific for APS (24).
Antiphospholipid antibodies with anti-β2-glycoprotein-1 ac-
tivity act by multiple mechanisms (25,26):
- APL activate endothelial cells (27) and these express

adhesion molecules (such as intercellular cell adhe-
sion molecule-1, vascular cell adhesion molecule-1,
E-selectin), and (like monocytes) upregulate the pro-
duction of tissue factor (28).

- APL activate monocytes and induce their increased tis-
sue factor expression (29).

- APL activate platelets that increase expression of glyco-
protein 2b-3a and synthesis of thromboxane A2.
The activation of endothelial cells, monocytes, and pla-
telets by antiphospholipid antibodies, conducting to the
increased synthesis of tissue factor and thromboxa-
ne A2, induce a procoagulant state (30,31).

- Activation of the complement cascade might close the
loop7 and provoke thrombosis and fetal loss (32-35).
This occurs often in presence of a second hit (36). Tra-
ditional cardiovascular risk factors such as tobacco,
inflammation, or oestrogens might have an important
role at this point, in fact such risk factors are present
in more than 50% of patients with antiphospholipid
syndrome. To confirm complement role, studies show
that C4d and C3b fragments are deposited in the pla-
centas of patients with antiphospholipid syndrome (37).

- Furthermore, interaction of antiphospholipid antibodies
with proteins implicated in clotting regulation, such as
prothrombin, factor X, protein C and S (38), and pla-
smin (39), tissue factor pathway inhibitor (40), might
hinder inactivation of procoagulant factors and impe-
de fibrinolysis (28,36).

Interference with annexin A5, a natural anticoagulant that
binds to phosphatidylserine exposed during trophoblast
syncytium formation, might favour a more direct effect on
placental structures, promoting placental thrombosis and
fetal loss (18,28,41).
As evidence that thrombosis is the cause of many obstetric
complication, abnormalities in placentation have been de-
scribed in pregnancy loss related to antiphospholipid an-
tibodies (42). β2-glycoprotein 1 directly binds to cultured
cytotrophoblast cells and is subsequently recognised by
antibodies to β2-glycoprotein 1 (43). Moreover, antipho-
spholipid antibodies might trigger an inflammatory response
mediated by the TLR4/MyD88 pathway resulting in tro-
phoblast damage (44).

Epidemiology of aPL
The prevalence of aCL and LAC in normal healthy popu-
lations has been reported to range between 1.0% and 5.6%
and between 1.0% and 3.6%, respectively (45-47). The pre-
valence of elevated aPL antibodies may also increase with
age (48). About one-third of SLE patients are aCL positi-
ve. LA prevalence is about 15% in SLE patients. A posi-
tive LA appears to be more specific for APS than an ele-
vated aCL. The strength of the association between aPL
and thrombosis varies. Primarily, aCL are not as strong a
risk factor for thrombosis as LA. Lupus anticoagulant is con-
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sistently the most powerful predictor of thrombosis (49-51).
About 40% of patients with systemic lupus erythematosus
have antiphospholipid antibodies (52), but less than 40%
of them will eventually have thrombotic events (49,53). Ho-
wever, thrombotic antiphospholipid syndrome is regarded
as a major adverse prognostic factor in patients with lu-
pus (53). Titer and isotype are important: IgG aCL is more
strongly associated with clinical events than is IgM aCL,
and the risk of thrombosis increases with higher titers (>40
U). Immunoglobulin A aCL and low titers of IgG and IgM
aCL are less frequently associated with complications (54).
APL account for a significant proportion of thromboses in
the general population (55-57).
The presence of additional prothrombotic risk factors in aPL-
positive individuals likely influences thrombosis risk. In the
currently accepted “second-hit” hypothesis, a second trig-
ger event - such as cigarette smoking, oral contraceptives,
surgical procedures, prolonged immobilization, or a genetic
prothrombotic state - may increase the likelihood of an aPL
positive patient developing a vascular event. Women with
pregnancy events alone have a high likelihood of deve-
loping thrombosis in later years (58).

Diagnosis of APS
Criteria
In 1998, the preliminary classification criteria for antipho-
spholipid syndrome were proposed at Sapporo, Japan (59,
60). Classification for this syndrome needed at least one
clinical manifestation together with positive tests for cir-
culating antiphospholipid antibodies, including lupus anti-
coagulant or anticardiolipin, or both, at medium-high values,
detected at least twice in 6 weeks. In 2006,classification
criteria were updated (61) and are listed in Table 1. 
Essentially, the clinical criteria remained unchanged; ho-
wever, two important modifications were made: the time
elapsed between two positive determinations was extended

to 12 weeks to assure the detection of persistent antibo-
dies only; and anti-β2-glycoprotein 1, both IgG and IgM,
were added to the laboratory criteria. Medium titres of an-
ticardiolipin, or anti-β2-glycoprotein 1, were defined as more
than 40 GPL or MPL or higher than the 99th percentile.
Notably, IgA isotypes, antiprothrombin antibodies, and an-
tibodies directed against phosphatidylserine-prothrombin
complex remained excluded from the criteria. These
modifications have been criticised (63), and the debate
about the clinical implications of different antiphospholi-
pid antibodies is still open.
You can recognize different kind of APS. See Table 2.

Overview of laboratory tests
The laboratory tests that are frequently used to diagno-
se this condition are shown in Table 3. 
The first test that identified this condition was the biologic
falsepositive (BFP) syphilis test, which actually reported
autoantibody recognition of phospholipid-binding pro-
teins, primarily b2GPI (in contrast to true-positive syphi-
lis tests in which antibodies recognize phospholipid directly).
The BFP syphilis test was first refined into a quantitative
anticardiolipin immunoassay(64) and then included immu-
noassays that used other phospholipids, such as ho-
sphatidylserine, and immunoassays that detected anti-
bodies against the putative antigens, primarily b2GPI. A
second avenue of diagnostic testing conducted to tests that
report interference with phospholipid-dependent coagu-
lation reactions, causing a prolonged clotting times with
any of the following tests: activated partial thromboplastin
time (aPTT), the dilute Russell Viper venom time (dRVVT),
kaolin clotting time, plasma clotting time. These prolon-
gations should be confirmed with mixing studies with nor-
mal plasma (clotting time will remain prolonged with LA)
or with platelet neutralization test.
High-affinity (avidity) phospholipid-binding antibody-co-

Antiphospholipid Syndrome during pregnancy: the state of the art

Journal of Prenatal Medicine 2011; 5 (2): 41-53 43

Table 1 - Summary of the Sydney Consensus Statement on Investigational Classification Criteria for the APS (61).

Antiphospholipid antibody syndrome (APS) is present if at least one of the clinical criteria and one of the laboratory criteria that
follow are met.
Clinical criteria
Vascular thromboses:
1. One or more documented episodes of arterial, venous, or small vessel thrombosis - other than superficial venous throm-

bosis - in any tissue or organ. Thrombosis must be confirmed by objective validated criteria. For histopathologic confirmation,
thrombosis should be present without significant evidence of inflammation in the vessel wall.

2. Pregnancy morbidity
(a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of gestation, with nor-

mal fetal morphology documented by ultrasound or by direct examination of the fetus, or
(b) One or more premature births of a morphologically normal neonate before the 34th week of gestation because of: (i)

eclampsia or severe pre-eclampsia defined according to standard definitions, or (ii) recognized features of placental
insufficiency, or

(c) Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, with maternal anatom-
ic or hormonal abnormalities and paternal and maternal chromosomal causes excluded.

Laboratory criteria 
These criteria for laboratory testing are consistent with current American Congress of Obstetricians and Gynecologists clini-
cal management guidelines.(62)
1. Lupus anticoagulant (LA) present in plasma, on two or more occasions at least 12 weeks apart, detected according to the

guidelines of the International Society on Thrombosis and Haemostasis (Scientific Subcommittee on LAs/phospholipiddependent
antibodies).(61)

2. Anticardiolipin antibody (aCL) of IgG and/or IgM isotype in serum or plasma, present in medium or high titer (i.e., > 40 GPL
or MPL, or > the 99th percentile), on two or more occasions, at least 12 weeks apart, measured by a standardized ELISA.

3. Anti-b2-glycoprotein-I antibody of IgG and/or IgM isotype in serum or plasma (in titer >the 99th percentile), present on two
or more occasions, at least 12 weeks apart, measured by a standardized ELISA, according to recommended procedures.

Investigators are strongly advised to classify APS patients in studies into one of the following categories: I, more than one lab-
oratory criteria present (any combination); IIa, LA present alone; IIb, aCL present alone; IIc, anti- b2GPI antibody present alone.



factor-phospholipid complexes are the likely basis for the
LA phenomenon. Both of the approaches - immunoassay
and LA testing - may be considered to be empirically de-
rived surrogate tests for the syndrome. The sensitivities
and specificities of the tests are variable, and a single ne-
gative test cannot rule out the diagnosis in a patient. It is
generally recommended that a panel of tests be done to

attempt to exclude the diagnosis. Specific ELISA for an-
tibodies directed against the domain 1 of β2-glycoprotein
is one of the new expected tests that will need assessment
(65).
The presence of more than one class of antiphospholipid
antibodies increased thrombotic risk (20). Patients who test
positive for all three of the major assays - positive LAC,
elevated anticardiolipin antibodies and elevated anti-
β2GPI antibodies (referred to as “triple positivity”), are at
markedly increased risk for thrombosis (66-68) and for pre-
gnancy complications (69).
These tests are not useful for screening asymptomatic ge-
neral medical or obstetrical populations. At the present time,
testing for aPL antibodies should usually be restricted to
patients who have had thrombosis, embolism, or pregnancy
complications that may be attributable to APS, and to pa-
tients with SLE even if they have not have any of the abo-
ve manifestations. A panel of tests should always be done
when APS is suspected since individual tests may yield
false negatives. Persistence of the abnormal test should
be confirmed after 12 weeks.

Obstetric Complications
The antiphospholipid syndrome causes several clinical ma-
nifestations. See Table 4.
Obstetric complications are the other hallmark of anti-
phospholipid syndrome. 
The risk of thrombosis among women with antiphospho-
lipid antibodies may be increased (58). Thrombosis is pre-
sumed to cause many of the pregnancy complications as-
sociated with APS. The most common obstetric manife-
station of this syndrome is recurrent miscarriage. Recur-
rent miscarriage occurs in about 1% of the general po-
pulation attempting to have children (70). About 10-15%
of women with recurrent miscarriage are diagnosed with
antiphospholipid syndrome (71,72). Fetal loss (≥10 weeks
of gestation) is more strongly associated with aPL than are
earlier pregnancy losses (73). Lupus anticoagulant has
been strongly associated with recurrent miscarriage be-
fore the 24th week of gestation (74). Overall, approximately
half of aPL-associated pregnancy losses occur in the first
trimester (pre-embryonic and embryonic loss, < 10 weeks
of gestation) (75). The diagnosis of APS should be made
only with three or more consecutive losses in the absen-
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Table 2 - Types of patients having antiphospholipid (aPL)
antibodies.

I. Antiphospholipid syndrome
A. “Primary” – in the absence of SLE
B. “Secondary” – in patients with SLE

II. aPL antibodies stimulated by infection
A. No known association with thrombosis (e.g., syphilis,

Lyme disease, cytomegalovirus, Epstein-Barr virus)
B. Possible association with thrombosis (e.g., varicella,

HIV, hepatitis C)

III. Drug-induced aPL antibodies (e.g. chlorpromazine and oth-
er phenothiazines)

IV. aPL antibodies prevalent in the general population

Table 3 - Tests used for diagnosis of the antiphospholipid
syndrome.

Immunoassays
Biologic false-positive serologic test for syphilis
Anticardiolipin antibodies (cofactor-dependent assay)
Anti-b2GPI antibodies
Antiphosphatidylserine antibodies
Antiprothrombin antibodies
Coagulation Tests
Dilute Russell viper venom time (DRVVT) with confirmatory
tests
aPTT:

– evidence of inhibitor with mixing studies
– panel of aPL-sensitive and insensitive aPTT reagents
– platelet neutralization procedure

Kaolin clotting time
Plasma clotting time

Table 4 - Clinical manifestations of Antiphospholipid Syndrome.

Arterial thrombosis: Cerebral vascular accident; extremity gangrene; mesenteric infarction; aortic
occlusion

Venous thrombosis: Deep venous thrombosis; pulmonary emboli; mesenteric, hepatic, or renal vein
thrombosis; adrenal insufficiency

Obstetric complications: Fetal loss, recurrent pre-embryonic/embryonic losses; pre-eclampsia; intrauterine
growth retardation

Hematologic: Thrombocytopenia; hemolytic anemia; Evans syndrome; thrombotic mi-
croangiopathic hemolytic anemia

Cutaneous: Livedo reticularis; cutaneous necrosis; pyoderma-like ulcerations; digital gan-
grene

Neurologic complications (non-stroke): Seizures; chorea; transverse myelitis; multiple sclerosis-like syndrome

Renal complications: Nephropathy with glomerular thrombosis; cortical necrosis; renal infarction

Cardiac complications: Mitral and/or aortic insufficiency; intracardiac thrombosis, coronary artery throm-
bosis

Avascular necrosis

Catastrophic APS: With multisystem failure



ce of other identifiable etiologies. The two greatest risk fac-
tors for fetal loss are high titer IgG aCL and a history of
previous fetal loss. These patients have up to 80% risk of
current pregnancy loss (76). Both IgG and IgM anticar-
diolipins are associated with an increased risk of miscar-
riage, albeit to a lesser degree than lupus anticoagulant
(74). The clinical relevance of anti-β2-glycoprotein I an-
tibodies also is uncertain; in three systematic reviews
(16,50,74). these antibodies were not associated with ei-
ther thrombosis or recurrent early miscarriage, in others
(23,77,78). they showed an increased risk for obstetric com-
plications and thrombosis. Also the risk of fetal loss among
asymptomatic women who have antiphospholipid anti-
bodies appears to be increased (58, 79-82). Although fe-
tal death is linked to antiphospholipid syndrome (83), the
overall contribution of this syndrome is uncertain, partly
because of the effect of other possible contributing factors
such as underlying hypertension or pre-existing comor-
bidities such as systemic lupus erythematosus or renal dis-
ease. 
Obstetric manifestations of APS are not restricted to fe-
tal loss (8,58,75,84-86). Current APS criteria include early
delivery, oligohydramnios, neonatal complications (such
as prematurity -estimated at 30-60% and more common
in SLE patients-, intrauterine growth restriction - IUGR -,
fetal distress (60) and rarely fetal or neonatal thrombosis)
(87), associated maternal obstetric complications (like pre-
eclampsia/eclampsia and HELLP syndrome - hemolytic
anemia, elevated liver enzymes, and low platelet counts,
arterial or venous thrombosis) and other aPL-related com-
plications (placental insufficiency) (75). The association bet-
ween antiphospholipid antibodies and the risk of prema-
ture birth due to eclampsia or preeclampsia and intrauterine
growth restriction remains controversial; studies contributing
data to this area tend to be small, retrospective, and have
conflicting results (88,89). Furthermore, the toxicity of treat-
ments evaluated in these studies may contribute to pre-
gnancy loss or complication and may confound the as-
sociation between antiphospholipid antibodies and adverse
pregnancy outcomes (90).
Screening of healthy pregnant women is not indicated (91).
While both aCL and LA predict fetal loss, concordance is
incomplete, so both must be tested if APS is suspected.
Other aPLs are not as helpful in predicting risk. In fact, an-
tibodies directed against other phospholipids, such as an-
tiphosphatidylserine or antiphosphatidylethanolamine,
do not generally identify additional patients (92). It is not
clear if anti-β2GPI antibodies add significant predictive va-
lue to aCL and LA in identifying patients at risk for fetal loss
(93), although occasional patients may present with the-
se antibodies alone. Exclusion of confounding conditions
is important in aPLpositive patients with pregnancy mor-
bidities. Gynecologic conditions may include uterine ab-
normalities, hormonal imbalance (eg, luteal phase defect),
maternal and paternal karyotype abnormalities, or fetal ge-
netic abnormalities. In addition, presence of a heritable pro-
coagulant state, such as factor V Leiden, may mimic APS
(94).
A severe complication of pregnancy, which greatly increases
its risk in case of APS, is VTE.
Pregnancy and the postpartum period, in fact, carry an in-
creased risk of VTE, with an incidence between 0.61 and
1.72 per 1000 deliveries (95,96). Compared with non pre-
gnant women, pregnant and postpartum women are ap-
proximately 4 to 5 times more likely to develop VTE (97).

Virchow’s triad describes 3 elements that contribute to the
development of thrombosis: (a) stasis, (b) vascular trau-
ma, and (c) hypercoagulability. These elements are all pre-
sent during pregnancy and the postpartum period. Lower
extremity venous stasis has been demonstrated during pre-
gnancy (98). Venous flow velocity decreases with advancing
gestation, and is lower in the left compared with the right
lower extremity. When DVT presents during pregnancy, it
is more likely to be in the left lower extremity (95,99). Pre-
dominance of left lower extremity clot formation may be
due to compression of the left common iliac vein by the
enlarging gravid uterus (100). In addition, venous distention
has been demonstrated, which may result in endothelial
damage and prothrombotic changes in the endothelium
(101). Lower extremity venous flow velocity increased and
vessel diameter decreased between 4 and 42 days post-
partum (102). Venous flow velocity and diameter returned
to levels observed in early pregnancy at the 42-day mea-
surement (101,102). In addition to mechanical compres-
sion of pelvic veins, increased circulating levels of estro-
gen and local production of prostacyclin and nitric oxide
increase deep venous capacitance during pregnancy (103).
Moreover, normal pregnancy is accompanied by changes
in the hemostatic system that would seem to result in a
hypercoagulable state for the prevention of hemorrhage
at the time of delivery:
- Factors II, VII, VIII, IX, XII, and von Willebrand factor

increase (104).
- Fibrinogen levels increase to levels that are almost twi-

ce that of the nonpregnant state (104,105).
- Free and total protein S antigen levels decrease, as

well as decreased activity, occurring very early in pre-
gnancy. 

- Although protein C levels remain unchanged (104,106),
an overall increase in activated protein C resistance
is present, with the degree of resistance dependent on
several modifiers, including the presence of the Fac-
tor V Leiden mutation (FVLM), thrombin generation,
and the presence of antiphospholipid antibodies
(107). Fibrinolysis is decreased, predominantly due to
diminished tissue plasminogen activator activity. 

- Other markers of a hypercoagulable state include in-
creased thrombin-antithrombin complexes, proth-
rombin fragments 1 and 2, peak thrombin generation,
and increased D-dimer levels (104-106).

During pregnancy may occur also a vascular trauma in the
form of endothelial damage due to venous distention (101),
or may occur during conditions such as preeclampsia whe-
re vascular endothelial activation is present (108).
During normal delivery, venous compression may occur.
Operative and assisted deliveries are thought to contribute
to vascular trauma, also possibly contributing to the risk
of thrombosis in the postpartum period; this is especially
true for cesarean delivery. 
Testing for antiphospholipid syndrome (via lupus anti-
coagulant, anticardiolipin, and anti-b2-glycoprotein I) is com-
mon practice in a first-episode VTE because patients with
antiphospholipid syndrome should be considered for
long-term anticoagulation (109). It is important to rule out
antiphospholipid syndrome, as this diagnosis would alter
pregnancy care as well as be an indication for heparin use.

Management and Antithrombotic Treatment 
of APS in Pregnancy
With proper management, more than 70% of pregnant wo-
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men with antipho spholipid syndrome will deliver a viable
live infant (110). Ideally, preconception counseling gives
the physician the opportunity to understand the specific
context of each patient with the syndrome and to outline
the risks of pregnancy and treatment. Pregnancy should
be discouraged in all women with important pulmonary
hypertension because of the high risk of maternal death
(111), and should be postponed in the setting of uncon-
trolled hypertension or recent thrombotic events, especially
stroke (111). A complete profile of antiphospholipid anti-
bodies, including repeated anticardiolipin and lupus anti-
coagulant, should be available before planning of pre-
gnancy. However, these tests do not need to be repeated
during pregnancy, since subsequent negative results
(after diagnostic, repeatedly positive tests) do not elimi-
nate the risk of complications (111).
Patients should be counseled in all cases regarding
symptoms of thrombosis and thromboembolism and
should be educated regarding, and examined frequently
for, the signs or symptoms of thrombosis or thromboem-
bolism, severe preeclampsia, or decreased fetal movement.
We recommend frequent prenatal visits, at least every 
2-4 weeks before mid-gestation and every 1-2 weeks the-
reafter. 
Human chorionic gonadotropin (hCG) values in the first
trimester can be followed to evaluate the viability of the pre-
gnancy. If hCG levels are increasing normally (ie, doubling
every 2 d) in the first month of pregnancy, a successful out-
come is predicted in 80-90% of cases. However, when the
increases are abnormal (ie, slower), a poor outcome is pre-
dicted in 70-80% of cases. In patients with poor obstetric
histories, evidence of preeclampsia, or evidence of fetal
growth restriction, ultrasonography is recommended
every 3-4 weeks starting at 18-20 weeks’ gestation. The
objectives of prenatal care in the second and third trime-
sters are close observation for maternal hypertension, pro-
teinuria and other features of preeclampsia, frequent pa-
tient assessment, obstetric ultrasound to assess fetal growth
and amniotic fluid volume, and appropriate fetal surveil-
lance testing. Surveillance testing should begin at 32 weeks’
gestation, or earlier if the clinical situation for placental in-
sufficiency is suspected, and should continue at least every
week until delivery. Regular and coordinated medical con-
sultation every 2-4 weeks, especially in women with syste-
mic lupus erythematosus, is recommended. In patients with
uncomplicated APS, ultrasonography is recommended at
30-32 weeks’ gestation to assess fetal growth. Lagging fe-
tal growth may reflect uteroplacental insufficiency in pa-
tients with APS (10). Uterine and umbilical artery Doppler
assessments are widely used in Europe to assess the risk
for pre-eclampsia, placental insufficiency, and fetal growth
restriction after the 20th week of gestation, and normal exa-
minations have high negative predictive values (112).
The goals of treatment in pregnant women with antipho-
spholipid syndrome are to improve maternal and fetal-neo-
natal outcomes by keeping to a minimum the risks of the
recognised complications of the disorder, including maternal
thrombosis, fetal loss, preeclampsia, placental insufficiency,
and fetal growth restriction, and the need for iatrogenic pre-
term birth (75).
The optimal treatment of pregnant women with antipho-
spholipid antibodies and 1 or more fetal losses after 10
weeks’ gestation without thrombosis is controversial (113).
Earliest treatment for recurrent pregnancy loss associated
with aPL was a combination of high dose prednisone and

low-dose aspirin, with successful outcome in 75% of trea-
ted pregnancies. High maternal and fetal morbidity resul-
ted, however, including gestational diabetes, hypertension,
and premature rupture of membranes. A randomized
controlled study of prednisone and aspirin as compared with
heparin and aspirin showed low-dose subcutaneous he-
parin with low-dose aspirin to be equally efficacious with
less morbidity (114). Moreover, a Cochrane analysis con-
cluded that intravenous immunoglobulins were associated
with an increased risk of pregnancy loss or premature birth,
compared with heparin and low-dose aspirin (115).
Then the studies focused on the effectiveness of the-
rapy with UFH, LMWH and low-dose aspirin and their pos-
sible association, lead to conflicting results. In two trials
(116,117), the proportion of successful pregnancies sub-
stantially improved with the addition of unfractionated he-
parin to low-dose aspirin. Two other randomised trials
(118,119), both using low-molecular-weight heparin, pro-
ved negative. Additionally, two studies recorded no diffe-
rences in pregnancy outcomes when comparing unfrac-
tionated heparin with low-molecular-weight heparin, both
combined with aspirin (120,121). Moreover, low doses of
subcutaneous unfractionated heparin (5000 units twice
daily) appear to be as effective as high-dose heparin (10
000 units twice daily) (117,122). Finally, several obser-
vational studies have reported pregnancy success rates
of 79-100% with low-dose aspirin alone (123-129). Other
available studies indicated that aspirin (50-81 mg/d)
compared with placebo or usual care did not reduce the
rate of pregnancy loss (130,131). Despite the obvious con-
troversies raised by these trials, a 2005 Cochrane syste-
matic review concluded that women with recurrent mi-
scarriage and antiphospholipid syndrome should be given
a combination of heparin 5000 IU subcutaneously twice
daily and low-dose aspirin (115). Expert guidelines re-
commend the combination of aspirin with either low-dose
heparin or low-molecularweight heparin (132).
Heparin is the anticoagulant drug of choice during pre-
gnancy (133). Heparin does not cross the placenta and
is widely considered safe for the embryo-fetus. Of the 2
clinically available forms, the low molecular weight heparin
(LMWH) preparations offer some advantages over un-
fractionated heparin (UFH). Both UFH and LMWH act pri-
marily by binding to antithrombin to catalyze the molecu-
le binding to and altering the activity of serine protease pro-
coagulants. UFH enhances the activity of antithrombin for
Factor Xa and thrombin, whereas the predominant effect
of LMWH is via antithrombin- mediated anti-Factor Xa ac-
tivity. UFH has complex pharmacokinetics that ultimately
leads to a somewhat unpredictable anticoagulant response.
Also, the bioavailability of the UFH after subcutaneous (SC)
injection is reduced compared with intravenous infusion.
LMWH, in contrast, is less likely to bind nonspecifically to
various circulating protein or cell surfaces and so has im-
proved pharmacokinetics and bioavailability when given
SC. In addition, LMWH is less likely than UFH to cause
heparin-induced thrombocytopenia (HIT) and osteoporo-
sis, though the latter is infrequent (1-2% of cases) in wo-
men treated during pregnancy (100,103). Importantly, co-
unsel the patient regarding potential adverse effects of he-
parin. Bone density studies should be considered in pa-
tients receiving anticoagulation with heparin or LMWH may
be important in women who have been treated in a pre-
vious pregnancy or are planning pregnancy. For the most
part, the longer half-life of LMWH is seen as an advantage
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because it allows once- or twice-daily dosing regimens to
be used. 
Pregnant patients with antiphospholipid syndrome can be
classified in:
• Patients affect by antiphospholipid syndrome without

a previous thrombotic event (diagnosed because of ob-
stetric event(s):
(a) patients with recurrent early (preembryonic or embr-

yonic) miscarriage and no other features of anti-
phospholipid syndrome, or 

(b) those with one or more previous fetal deaths (at
more than 10 weeks’ gestation) or previous early
delivery (at less than 34 weeks’ gestation) because
of severe pre-eclampsia or placental insufficiency. 

• Patients with acute VTE within several months of con-
ception or during pregnancy or Recurrent VTE (2 or
more prior VTEs).

Table 5 summarises recommended treatments for these
groups.
So the Evidence-Based Clinical Practice Guidelines of Ame-
rican College of Chest Physicians (132) suggest that wo-
men with antiphospholipid antibodies and a history of 2 or
more early pregnancy losses or 1 or more late pregnancy
losses who have no prior history of thrombosis receive treat-
ment with combination aspirin and heparin (unfractiona-
ted or lowmolecular-weight) during pregnancy. Aspirin (81
mg/d) should be started with attempted conception; most
investigators recommend, in fact, preconceptional aspirin
because of its possible beneficial effect on early stages
of implantation (123). Heparin (5000-10 000 units every
12 hours) or low-molecular-weight heparin in prophylac-
tic doses (Enoxaparin 40 mg SC every 24 h) should be star-
ted when a viable intrauterine pregnancy is documented
and continued until late in the third trimester (134). Patients
with a history of thrombosis should be fully anticoagula-
ted with an adjusted-dose UFH or LMWH regimen (UFH
SC every 12 h or Enoxaparin 1 mg/kg SC every 12 h) for
at least 6 months from the initial presentation with VTE.

Women who are on warfarin should discontinue the war-
farin before 6 weeks of gestation. Some clinicians favor
discontinuing the warfarin when the patient initiates at-
tempting to conceive, replacing it with UFH or LMWH. If
the patient reaches 6 months of anticoagulation during the
pregnancy, consideration of reducing the degree of anti-
coagulation (eg, to prophylactic UFH or LMWH) is rea-
sonable, especially in preparation for epidural anesthesia.
Following delivery, the UFH or LMWH should be restar-
ted and bridged to warfarin.
About Peripartum Heparin Management, as Cesarean de-
livery has been cited as a risk for VTE (96,107). Recom-
mendations for thromboprophylaxis (132,133). suggest that
those women receive thromboprophylaxis with prophylactic
LMWH or UFH, or by mechanical prophylaxis with lower
extremity compression devices while hospitalized. Low-
to moderate-risk patients on LMWH can be transitioned
to UFH (because of its shorter half-life) at 36 to 37 weeks’
gestation in an effort to improve the likelihood of epidural
anesthesia if preterm labor occurs. Patients should be ad-
vised that if they suspect spontaneous labor, heparin should
be discontinued. For induction or scheduled cesarean, ad-
justed-dose heparin and intermediate-dose LMWH should
be discontinued 24 hours before the scheduled admission.
Prophylactic heparin should be discontinued at least 12
hours prior. For high-risk patients, reasonable options in-
clude reducing the heparin dose to 5000 units SC twice
a day or using a judiciously applied continuous infusion
of heparin during labor, with discontinuation when delivery
is estimated to be 1 to 2 hours away. In most cases, he-
parin should be restarted 6 to 8 hours following delivery
or cesarean section. Regarding high-risk patients, conti-
nuous infusion should be restarted after delivery when the
risk of bleeding has decreased (usually 2 to 4 hours af-
ter delivery). The American Society of Regional Anesthesia
(ASRA) has made recommendations regarding anticoa-
gulation and regional anesthesia. Regional anesthesia is
contraindicated in patients less than 24 hours from their
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Table 5 - Suggested regimens for the treatment of antiphospholipid syndrome in pregnancy.

Antiphospholipid syndrome without previous thrombosis and recurrent early (pre-embryonic or embryonic) miscarriage →Low-
dose aspirin alone or together with either unfractionated heparin (5000–7500 IU subcutaneously every 12 h) or LMWH (usu-
al prophylactic doses: Enoxaparin 40 mg SC every 24 h). Following delivery, postpartum thromboprophylaxis with warfarin or
LMWH is indicated.

Antiphospholipid syndrome without previous thrombosis and fetal death (more than 10 weeks’ gestation) or previous early de-
livery (<34 weeks gestation) due to severe pre-eclampsia or placental insufficiency → Low-dose aspirin plus unfractionated
heparin (7500–10 000 IU subcutaneoulsy every 12 h in the first trimester; 10 000 U subcutaneously every 12 h in the second
and third trimesters, or every 8–12 h adjusted to maintain the mid-interval aPTT* 1・5 times the control mean) or LMWH (usu-
al prophylactic doses: Enoxaparin 40 mg SC every 24 h). Following delivery, postpartum thromboprophylaxis with warfarin or
LMWH is indicated.

Antiphospholipid syndrome with thrombosis → Low-dose aspirin plus unfractionated heparin (subcutaneously every 8–12 h
adjusted to maintain the midinterval aPTT* or heparin concentration (anti-Xa activity)* in the therapeutic range) or LMWH
(usual therapeutic dose-eg, enoxaparin 1 mg/kg subcutaneously, or dalteparin 100 U/kg subcutaneously every 12 h, or
enoxaparin 1・5 mg/kg/day subcutanously, or dalteparin 200 U/kg/day subcutaneously)†

aPTT= activated partial thromboplastin time. LMWH=low-molecular-weight heparin. *Women without a lupus anticoagulant in
whom the aPTT is normal can be monitored with the aPTT. Women with lupus anticoagulant should be monitored with an-
tifactor Xa activity. †Need for dose adjustments over the course of pregnancy remains controversial.91 Some experts argue
that in the absence of better evidence, it is prudent to monitor anti-factor Xa LMWH concentrations 4–6 h after injection with
dose adjustment to maintain a therapeutic antifactor Xa concentration (0・6 to 1・0 U/mL if a twice-daily regimen is used;
slightly higher if a once-daily regimen is chosen).

Data from American College of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th edition).(132)



last dose of twice-daily LMWH. For prophylactic LMWH,
regional anesthesia can be placed 10 to 12 hours’ dura-
tion from the last dose of LMWH heparin. The neuraxial
catheter should be removed 2 hours before the first LMWH
dose. Intravenous heparin can be initiated 1 hour following
neuraxial anesthesia, with catheter removal 2 to 4 hours
after the last heparin dose. SC heparin dosed twice daily
with a total dose less than 10,000 units of UFH per day
is not a contraindication to neuraxial anesthesia. Howe-
ver, neuraxial anesthesia at doses greater than 10,000 units
of UFH or dosing at a frequency greater than twice daily
dosing has not been established to be safe (135). Therapy
(including aspirin and heparin) can reduce the rate of fe-
tal loss to 25%, as described by Cowchock et al. (114).
In order to reduce the risk of postpartum deep vein throm-
bosis, antithrombotic coverage of the post-partum period
is recommended in all women with antiphospholipid
syndrome, with or without previous thrombosis (132). Ge-
nerally, women with previous thrombosis will need long-
term anticoagulation, and most experts prefer switching
the treatment to warfarin, as soon as the patient is clini-
cally stable after delivery, to limit further risk of heparin-
induced osteoporosis and bone fracture. In patients with
no previous thrombosis, the recommendation is prophy-
lactic dose heparin or low-molecular-weight heparin the-
rapy for 4-6 weeks after delivery (132), although warfarin
is an option. Both heparin and warfarin are safe for breast-
feeding mothers (136). A retrospective study of subsequent
thrombosis in 65 patients with prior pregnancy events not
routinely treated with prophylaxis after the immediate post-
partum period, has shown such patients to have a 59%
rate of thrombosis over 10 years of follow up; patients who
continued on low-dose aspirin, however, had a rate of 10%
(58). Based on these data, the current recommendation
may be low-dose aspirin postpartum indefinitely.
About the other pregnancy complications, data from
meta-analysis (137) have shown their significant reduc-
tion in women at high risk for pre-eclampsia who were gi-
ven antiplatelet agents (mostly aspirin). In all clinical trials,
maternal and fetal-neonatal outcomes in pregnancies pro-
gressing beyond 20 weeks’gestation were benign, with the
frequencies of fetal death, pre-eclampsia, severe placental
insufficiency, and iatrogenic preterm birth close to those
of the general obstetric population. Results from rando-
mised trials do not define optimum treatment for women
with fetal death (>10 weeks’ gestation) or previous early
delivery (<34 weeks’ gestation) due to severe pre-
eclampsia or placental insufficiency. Most experts re-
commend low-dose aspirin and either prophylactic or in-
termediate-dose heparin (75,115,132). Vitamin K anta-
gonists are teratogenic and should be avoided between
6 and 12 weeks’ of gestation. Because of the risk of fetal
bleeding thereafter (132,136) warfarin after 12 weeks’ ge-
station should be given only in exceptional circumstances.
Probably there is a relationship of aPL to infertility but it
has been controversial until now. Although prevalence of
aPL antibodies is increased in patients undergoing in vi-
tro fertilization (IVF), a recent prospective study found that
aspirin and heparin treatment of IVF patients with positi-
ve aPL antibodies and history of failed IVF cycles does not
improve IVF cycle outcome (138).

Future therapies

Several potential new therapeutic approaches for APS are
emerging (Table 6).

But most of these possible future therapies (clopidogrel,
rivaroxaban, statins, rituximab, and other new anticoagulant
drugs) are for non-pregnant patients. The only new drugs
for APS that pregnant women can use are dipyridamole
and hydroxychloroquine. 
Combination treatment with aspirin plus dipyridamole have
shown higher efficacy than has aspirin alone in patients
with stroke. Such combination might be considered in se-
lected patients with antiphospholipid syndrome in whom
warfarin is not effective or safe. Observational studies have
suggested an antithrombotic effect of hydroxychloroqui-
ne in patients with antiphospholipid antibodies, most of
whom have systemic lupus erythematosus (49,139,140).
Furthermore, results from basic studies have shown a dose-
dependent reduction by hydroxychloroquine of platelet ac-
tivation and clotting induced by antiphospholipid antibo-
dies (141,142). Hydroxychloroquine directly inhibits the bin-
ding of antiphospholipid antibody-β2-glycoprotein-1 com-
plexes to phospholipid surfaces (143). An additional and
previously unrecognised role of hydroxychloroquine in pre-
vention of pregnancy loss is suggested by the description
of its protective effect of the annexin A5 shield formed over
phospholipid bilayers from damage induced by antipho-
spholipid antibodies (144). In view of the excellent safety
profile, including the absence of any adverse effects on
the fetus-neonate (145), and the absence of associated
bleeding, hydroxychloroquine should be considered for an
adjuvant antithrombotic role in patients with systemic lu-
pus erythematosus who are positive for antiphospholipid
antibodies. Patients with primary antiphospholipid syndro-
me and recurrent thrombosis despite adequate anticoa-
gulation, who have difficulty maintaining adequate anti-
coagulation intensity, or have a high-risk profile for major
haemorrhage, might also benefit from hydroxychloroqui-
ne treatment.
Furthermore, recent data from an experimental model of
aPL antibody-induced pregnancy losses in mice (33) sug-
gest that the therapeutic effect of heparin in the disorder
might be due to the inhibition of complement rather than
its inhibition of coagulation. These data, if generalizable
to human APS-related pregnancy losses, have raised the
intriguing possibility of novel non anticoagulant approaches
to treatment.

Conclusion

Obstetricians and gynecologists have the means to pre-
vent thrombosis and the related pregnancy complications
associated with APS in the obstetric patients. Attaining the
ability to identify patients at risk, determine who is a can-
didate for thrombophilia screening, and who may warrant
thromboprophylaxis, is important to this end. In addition,
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Table 6 - Potential future therapies for antiphospholipid syn-
drome.

• Combination antiaggregant therapy (low-dose aspirin plus
clopidogrel or dipyridamole)

• Oral antifactor Xa drugs (rivaroxaban, apixaban)
• Direct thrombin inhibitors (dabigatran)
• B-cell depletion (rituximab)
• Statins (fluvastatin, rosuvastatin)
• Hydroxychloroquine



it is fundamental to understand various thromboprophy-
laxis regimens and peripartum anticoagulant management.
Other well-designed prospective studies are required to
complete the understanding of the optimal treatment of pa-
tients with antiphospholipid antibodies and APS, espe-
cially to reach detailed and well standardized recom-
mendations regarding precise intensity and duration of an-
ticoagulation.
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