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Women with antiphospholipid antibodies are at risk of unsuc-
cessful pregnancy outcome, which may include many features such
as preeclampsia, premature delivery, intrauterine growth restric-
tion. The risk of thrombosis is higher during the third semester.
The standard care in obstetric antiphospholipid syndrome includes
aspirin and heparin, which have improved live births significantly,
however one small percentage continue to have pregnancy compli-
cations. There are many new treatment approaches, but more ran-
domized clinical trials are needed to assess the efficacy and safety.
This review aims to highlight the risk factors associating the anti-
antiphospholipid antibodies in pregnancy, as well the most severe
form which is the catastrophic anti-phospholipid syndrome, and
therapies currently available, but future directions through person-
alized new treatments for different aPL profiles, especially high-risk
women with comorbidities. Novel promising drugs, with no compli-
cations, according to few case reports, are being identified, but we
need time to evaluate the results.
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Introduction

Antiphospholipid Syndrome (APS) is an autoimmune disor-
der characterized by the presence of heterogeneous antiphos-
pholipid antibodies [aPL: Lupus Anticoagulants (LA), Anticar-
diolipin antibodies (aCL), antibodies against B2-glycoprotein-|
(anti-B2GPI]. APS may be a contributory factor in 6.1% of cases
of pregnancy morbidity [1]. Anti-B2GPIs are often referred as
an important cause of APS. The phospholipid-binding B2-
glycoprotein | (B2GPI) is the main autoantigen in APS. In fact,
IgG antibodies targeting B2GPI (ab2GPI) is directly involved in
thrombosis and pregnancy morbidity in several mouse models
[2]. aPL can create a thrombogenic environment through sev-
eral mechanisms involving various cell lines and clotting factors.
One mechanism can be enhancing the production of Tissue Fac-
tor (TF) by activated monocytes and endothelial cells. Interfer-
ence with natural regulators such as protein C, antithrombin,
and tissue plasminogen activator, increases the production of
von Willebrand factor by endothelial cells, and promotes plate-
let activation. Platelets have dynamic role in arterial thrombo-
sis, and in APS specifically (Figure 1) [3]. Antibodies reacting
with B2 glycoprotein | (32GPI) bind to the surface of stimulated
platelets triggering platelet activation [4], which can lead to the
endothelium activation, thus following the fibrin generation,

making platelet activation a primary mechanism of aPL-medi-
ated arterial thrombosis [5]. Clinical manifestations of APS in-
clude thrombosis, obstetrical complications, but there are also
the “noncriteria” manifestations [6], which includes thrombo-
cytopenia and many other features, making the APS pathology
understanding and therapy investigation very challenging, es-
pecially in pregnancy.

Pregnancy Complications and Treatment

APS may potentially cause adverse pregnancy outcomes.
Morbidity in pregnancy associated with APS, includes the unex-
plained death of one or more morphologically normal foetuses
at/or beyond the 10" week of gestation, the premature birth of
one or more morphologically normal neonates before the 34"
week of gestation due to eclampsia or severe preeclampsia,
and/or three or more unexplained, consecutive spontaneous
abortions before the 10™" week of gestation [7]. Placental insuf-
ficiency has some features, one of which is Fetal Growth Re-
striction (FGR). FGR is the result of a complex of conditions such
as maternal, fetal and placental ones, which results in severe
perinatal mortality and morbidity [8]. A study estimated that
one- fourth of pregnancies reaching 10 weeks of gestation in
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Figure 1: Antiphospholipid antibodies (aPL) prothrombotic activ-
ity. aPLs can have a direct effect on endothelial cells and plate-
lets, interact with different coagulation cascade proteins, reduce
fibrinolytic activity, and activate complement . These mecha-
nisms contribute to the thrombotic events investigated in APS.
aPLs:antiphospholipid antibodies; TF: tissue factor.
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persistently aPL positive patients may result in pregnancy mor-
bidity, independent of aPL-related history or treatment strategy
[9]. A meta-analysis which included 22 studies (participation of
11745 pregnant women) showed that aPL positivity increased
the risk of FGR and the risk of FGR varies with the aPL types
[10]. ACA and B2GP1 are strongly associated with FGR. There-
fore, it is necessary to measure aPL when FGR occurs. Women
who have experienced adverse pregnancy outcomes, particu-
larly severe FGR, should be screened for the presence of aPL.

Risk factors for poor pregnancy outcome can be divided into
“early risk factors” (presence of SLE / autoimmune diseases,
history of pregnancy loss, thrombosis, triple aPL-positivity,
double aPL-positivity) and “late risk factors” (factors detected
during pregnancy) [11]. The Obstetric monitoring during preg-
nancy is important to establish viability of the embryo. Human
chorionic gonadotropin (hCG) titters during the first semester,
which is anticipated to be increased regularly define a success-
ful pregnancy [12]. The risk of thrombosis is higher during the
third semester, compared to the first trimester and even higher
during the early postpartum period [13]. Some major risk fac-
tors include previous history of thrombosis, systemic lupus
erythematosus, thrombophilia, APS, heart disease, obesity,
diabetes, smoking, immobility during the antepartum period,
pre-eclampsia with foetal growth restriction, blood transfusion,
postpartum haemorrhage >1,000mL with surgery and postpar-
tum infection [14,15]. The presence of underlying autoimmune
disease in general, is the additional risk, which demonstrates
a significant association with APS pregnancy morbidity [16].
aPL positivity increases the risk of FGR, in fact, the risk of FGR
varies with the aPL antibody type [10]. Maternal clinical mani-
festations vary from abdominal pain, altered mental status,
seizure, general malaise, chest pain, hypertension, proteinuria,
dyspnoea and others [17]. Diagnosis and treatment may be de-
layed as well, due to the acute fatty liver of pregnancy (AFLP) or
Thrombotic Thrombocytopenic Purpura (TTP) [18,19].

Laboratory risk factors such that should be investigated,
may be: persistent LA positivity alone or any combination of LA
with 1gG/IgM aCL antibodies or IgG/IgM anti-B2 glycoprotein |
antibodies and triple aPL positivity (LA + 1gG/IgM aCL antibod-
ies + 1gG/IgM anti-B2GPI antibodies) [20,21]. In the published
research works so far, we could find how refractory and/or
high-risk pregnancies may be treated with additional treatment
protocol in association with the standard of care or observa-
tional or interventional studies with treatment of refractory
and/or high-risk pregnancies treated with additional treatment
protocols. It is of major importance to identify risk factors and
start additional treatment protocols from the very beginning of

the pregnancy. In 2007, El Hayeg et al., first describe the ad-
ditional treatment combined with standard of care, used to
prevent pregnancy failure in refractory APS pregnancies [22].
Eighteen pregnancies were treated, from 7.08£0.6 SD weeks
of gestation, with prednisone 10 mg/daily + PEX for three ses-
sions/week until the LAC activity was suppressed and 1gG aCL
lowered. 100% live birth was reporter, and these pregnancy
complications were observed: mild pre-eclampsia in 5.5%,
IUGR in 11.1%, preterm deliveries in 22.2%, and oligoidram-
nios and fetal distress in 16.6% Hydroxychloroquine (HCQ) is a
promising drug in APS pregnancy yet results from ongoing stud-
ies need to be published [23]. In vitro studies show that HCQ
reverses the aPL inhibition of trophoblast interleukin-6 secre-
tion, increasing aPL inhibition of cell migration, and promotes
trophoblast differentiation affected by anti-B2GP1 antibodies.
These mechanisms are involved in the inhibition of syncytiali-
zation, an important process for syncytiotrophoblast renewal,
negatively affecting the invasion of the maternal spiral arteries,
a reason for early miscarriages [24]. HCQ is beneficial in women
with aPL, as the treatment with HCQ is associated with a higher
rate of live births (67 vs. 57%, p % 0.05) and a lower prevalence
of aPL-related pregnancy morbidity (47 vs. 63%, p % 0.004) [23].
Interestingly, the HCQ at a dose of 400 mg is more efficacious
than a lower dose of 200 mg [25], furthermore, when initiat-
ed during conception is associated with an increase in the live
birth rate than when started during pregnancy and it is less ef-
fective in patients with thrombosis than in those without, for
pregnancy loss prevention [26]. Hydroxychloroquine alone or in
association with LDS has been used as an additional treatment
to prevent pregnancy losses in refractory APS pregnancies. Ruf-
fatti et al., showed a live birth of 95% in pregnancies treated
with HCQ 200-400 mg alone and 55.5% in those treated with
HCQ 200-400 mg + LDS in addition to the standard of care. Se-
vere pregnancy complications were registered in 5 and 55.5% of
those treated with HCQ 200-400 mg alone and HCQ 200-400
mg + LDS in addition to the standard of care [26]. The use of
IVIG <2 gr/kg/ monthly alone or in addition to HCQ and LDS,
although in a low number of patients treated, has a 100% of live
birth rate, but high number of severe pregnancy complications,
with none a live birth in women treated with standard of care,
even when associated with HCQ [26,27].

A damaged trophoblast invasion with aPL-altering expres-
sion of adhesion molecules (placental growth factor or vascular
endothelial growth factor), followed by a coagulation cascade
activation, are responsible for late pregnancy loss and preec-
lampsia [28,29].

Another monoclonal antibody, Eculizumab, can prevent the
rapid deterioration of clinical conditions in CAPS during preg-
nancy [30]. Other new treatments, such as 1N11, a fully hu-
man antibody that disrupts aPL recognition of b2-GPI, may be
an anti-b2-GPI monoclonal antibody as a therapy [31]. In gen-
eral, it is not recommended primary thrombo-prophylaxis for
patients positive for aPL and no history of thrombosis. There
is no investigation on the risk of the first thromboembolism
and the protective role from LDA or anticoagulants in this pa-
tient group. Studies on asymptomatic aPL-positive patients
has showed that LDA did not prevent thrombosis and do not
reduce the risk a of thromboembolism [20,32]. Low Molecular
Weight Heparin (LMWH) should be considered for thrombosis
prevention in these patients during high-risk situations, such as
the postpartum period [33]. Treatment options can include no
treatment, LDA alone, or LDA (Low Dose Aspirin) and a prophy-
lactic dose of LMWH [34]. aPL is highly predictive of pregnancy
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loss in animal models [35], so it is recommended that pregnant
women who are positive for aPL to be treated with LDA [36]
and LDA is generally recommended during pregnancy or at the
beginning of attempting pregnancy, especially in women at
high risk of pre-eclampsia [37]. Women with aPL may benefit
from treatment with HCQ during pregnancy to improve preg-
nancy outcome. Through a retrospective study, one-hundred
and seventy pregnancies in 96 women with persistent aPL were
investigated, it was found that HCQ-treatment was associated
with a higher rate of live births and a lower prevalence of aPL-
related pregnancy morbidity [23]. The addition of first-trimester
low-dose prednisolone to conventional treatment improved the
rate of live births in refractory aPL-related first trimester preg-
nancy loss(es). After treatment with low-dose prednisolone,
nearly two thirds (61%) of pregnancies resulted in live births,
of which 8 (57%) were uncomplicated term pregnancies. How-
ever, the frequency of some complications remained elevated,
mainly pre-term delivery (21%) [38]. Recent animal models and
in vitro studies have suggested that the aetiology of adverse
pregnancy events in aPL may be caused by inflammatory proc-
esses, including increased cytokine production, complement
deposition, and immune cell activation [39]. Data from a Eu-
ropean multi-center retrospective study including 30 patients
with APS with 35 pregnancies showed a better outcome of
pregnancies treated by the addition of HCQ when compared to
previous pregnancies under the conventional treatment [25]. In
582 women with foetal loss at or after 20 weeks of gestation,
Silver et al. reported 9.6% positivity of one or more antibodies
including 1gG/1gM aCL and anti-B2GPI. In a multicentric studly,
3 out of 7 women with stillbirth were positive for at least one
aPL. The prevalence of aPL positivity in women with late-onset
pregnancy complications associated with placental insufficiency
is reported to be around 31%, compared to 10% in those with-
out placental insufficiency [40]. Low molecular weight heparin
use has a good safety profile. In fact, low-dose heparin is given
if patient had prior thrombosis and anticoagulant dose heparin
if patient had prior thrombosis [41].The most recommended
dose of aspirin is 50— 325 mg/day. A seven-year survey results
from the European Registry of OAPS (Obstetric Antiphospholi-
pid Syndrome) was reported, [42] with the participation of
thirty hospitals throughout Europe Cases, with patients tested
positive for aPL at least twice, prospectively and retrospectively
with 1000 women and 3553 episodes (2553 were historical and
1000 were latest episodes). All cases fulfilled the Sydney clas-
sification criteria. According to the laboratory categories, 292
(29.2%) were in category |, 357 (35.7%) in lla, 224 (22.4%) in llb
and 127 (12.7%) in llc. Miscarriages were the most prevalent
clinical manifestation in 386 cases (38.6%). The presence of ear-
ly Preeclampsia (PE) and early Foetal Growth Rrestriction (FGR)
appeared in 181 (18.1%) and 161 (16.1%) patients respectively.
In this series, 448 (44.8%) women received the recommended
OAPS treatment. Patients with recommended treatment had a
good live birth rate (85%), but worse results (72.4%) were ob-
tained in patients with any treatment (Low-Dose Aspirin (LDA)
or Low-Molecular-weight Heparin (LMWH) not on recommend-
ed schedule, while patients with no treatment showed a poor
birth rate (49.6%). A prospective observational study reported
live births in 71% of pregnancies treated with aspirin in combi-
nation with either heparin or LMWH [43]. Randomized studies
comparing aspirin have shown an increased rate of live births
with aspirin and unfractionated heparin compared with aspi-
rin alone, through different doses of heparin were employed
[41,44]. The latter could not be replicated by prospective stud-
ies, mainly due to the better results in the aspirin group alone

[45,46]. Moreover, a recent Cochrane review concluded that
aspirin alone has not been demonstrated to improve pregnancy
outcomes in APS and meta-analysis study concluded that the
combination of aspirin and unfractionated heparin improves
outcomes in obstetric APS while the efficacy of aspirin with
LMWH is not proven [47]. Treatment with aspirin and low dose
heparin leads to a significantly higher rate of live births than
that when used aspirin alone in pregnant women with a history
of recurrent miscarriage associated with phospholipid antibod-
ies [41]. Low dose aspirin may improve pregnancy outcome in
women with phospholipid antibodies by inevitaby blocking the
action of cyclo-oxygenase in platelets, inhibiting platelet throm-
boxane synthesis and preventing thrombosis of the placental
vasculature [48]. Heparin may reduce fetal loss by binding to
phospholipid antibodies, protecting the trophoblast phospholi-
pids from attack for successful implantation in early pregnancy,
apart from its anticoagulant action [49].

A recent systematic review of 5 studies involving 154 preg-
nancies also concluded that primary prophylaxis with aspirin
does not improve obstetric outcomes in otherwise healthy
women who are asymptomatic APLA carriers [50]. In women
with APS and prior thrombosis, aspirin and therapeutic dose
LMWH should be recommended. Due to association of Warfarin
with foetal malformations, it is employed that women on VKA
(vitamin K antagonists) should be switched to LMWH prior to/
or as soon become pregnant. There are conflicting results and
limited evidence reported within observational studies on how
to manage women who meet serological criteria for aPL but do
not meet clinical criteria for obstetric APS, or alternatively those
with three or more miscarriages and low titter aPL not meeting
serologic criteria for aPL [51,52]. For women with a high-risk,
concomitant SLE, or pre-eclampsia on individual basis, therapy
with aspirin and LMWH could be considered. Further clinical
studies are needed to determine the optimal management of
aPL-positive women. A 17-years observational study of 1,592
non-thrombotic women with three consecutive spontaneous
abortions before the 10th week of gestation or one foetal death
at/or beyond the 10th week of gestation has been performed
where the investigators compared the incidence of cancer di-
agnosis during follow-up among the cohort of women positive
for antiphospholipid antibodies (n=517), the cohort of women
carrying the F5 rs6025 or F2 rs1799963 polymorphism (n=279)
and a cohort of women with negative thrombophilia screen-
ing results (n=796). The annualized rate of cancer was 0.300%
(0.20%-0.44%) for women with obstetric APS and their cancer
risk was substantially higher than that of women with negative
thrombophilia screening [adjusted hazard ratio (aHR) 2.483;
95% Confidence Interval (Cl) 1.27-4.85]. The computed stand-
ardized incidence ratio for women with obstetric APS was 2.89;
95% Cl: 1.89-4.23. Among antiphospholipid antibodies, lupus
anticoagulant was associated with cancer incidents (aHR 2.608;
95% Cl: 1.091-6.236). This cohort shows that the risk of cancer
is substantially higher in women with a history of obstetric APS
than in the general population, and in women with a similar
initial clinical history but negative for antiphospholipid antibod-
ies [53]. The management of recurrent pregnancy failure in APS
is based on prophylactic heparin, often in combination with
aspirin. In this setting, data suggest that heparin may act via
inhibition of complement activation rather than through an an-
tithrombotic mechanism [54] which supports the above use of
heparin. There are quite few randomized controlled clinical tri-
als participating women with APS, which makes their manage-
ment still to have barriers and uncertainty. Furthermore, clinical

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Immunol 10(1): id1061 (2024) - Page - 03



Austin Publishing Group

manifestations of APS may differ, with the complications to de-
pend on clinical subtypes. A retrospective observational study
demonstrated that that the rate of pre-eclampsia was higher in
women with a history of thrombotic events than in women with
a history of only obstetric complications [55].

A small number of patients (<1%) may develop the “Cata-
strophic Anti-Phospholipid Syndrome” (CAPS), which is defined
as small vessel thrombosis in three or more organs in less than
one week in the presence of aPL, with histopathologic confir-
mation of small vessel thrombosis in the absence of inflamma-
tion [7,56,57]. Asherson defines the ‘Catastrophic’ Antiphos-
pholipid Syndrome (CAPS) as a potential life-threatening variant
of the APS, that can lead to multiorgan failure [58]. This is an
extremely rare presentation, and due to the rarity of the syn-
drome, an international registry of CAPS patients was created
in 2000 by the European Forum on Antiphospholipid Antibod-
ies (aPL). The preliminary criteria for the classification of cata-
strophic APS were established in 2022. CAPS in pregnancy or
puerperium is associated with earlier age of onset and fewer
previous clinical manifestations, compared to the general popu-
lation with CAPS. Because the patients with APS have increased
risk of obstetric complications, it is important to diagnose APS
as a possible and treat CAPS [57]. Treatment should be switched
from anticoagulation therapy at onset to doses of enoxaparin
throughout pregnancy and back again to an oral anticoagulant
post-partum [58]. In the severe disease state, addition of high
dose corticosteroids and/or IVIG is highly recommended [57].
Usually therapy consists of combined therapy (triple therapy)
with anticoagulants, corticosteroids, plasmapheresis or intrave-
nous immunoglobulins [30,60,61]. The plasmapheresis aim is to
remove the pathologic antibodies and other proinflammatory
and prothrombotic mediators. Usually 2—3 Lt of plasma is re-
moved daily for 3—5 days. In terms of optimal therapy, there are
few things to be considered: For the refractory CAPS, usually
hydroxychloroquine is chosen due to its immunosuppressive
properties.

Future Therapies-Directions

Further prospective studies need to investigate personalized
new treatments for different aPL profiles, especially high-risk
women with comorbidities. Prevention of pregnancy complica-
tion in women with APS begin with early detection. So far, ran-
domized clinical trials have failed to prove if LMWH is beneficial
for APS women with late pregnancy complications. The recom-
mendation though to use LMWH for prophylaxis of recurrent
complications is part of standard therapy. We need more stud-
ies to determine the diagnosis and treatment of APS in general,
to understand the management of patients with extra-criteria
clinical manifestations or non-criteria [62]. There are studies re-
porting the lower risk of VTE in population like Asian patients,
something that makes necessary the search for individualized
anticoagulation therapies based on population characteris-
tics. Clinicians from the other hand should inform APS patients
who are treated with oral anticoagulant drugs about potential
teratogenic effects. Oral anticoagulation should be switched to
Low-Molecular Weight Heparin (LMWH) once the pregnancy is
confirmed. First-line APS treatments during pregnancy may vary
but the combination of Low-Dose Aspirin (LDA) and LMWH ad-
ministration is usually chosen [63]. Second-line therapies with
steroids, Hydroxychloroquine (HCQ), intravenous immunoglob-
ulin or plasmaphereses remain main option treatments, with
HCQ to be the safest drug for use in pregnancy [64]. Although
anticoagulants remain the basic treatment of APS, new biologi-

cal designed drugs have caught the attention, basically for the
treatment of refractory APS or CAPS [65].

In parallel, reports of their use in pregnancy are being cap-
tured, although few data are available, mainly from case reports.
Novel drugs, such as eculizumab, are currently investigated. No
complications are reported during pregnancy administration in
few case-reports available. Furthermore, fatal APS-related com-
plications are prevented at the end of pregnancy, and there is
no thrombosis or infectious complications identified during the
postpartum period [66]. TNF-a blockers are also well tolerated
without adverse effects [67]. Adalimumab, a TNF-a blocker, in-
hibits anti-b2GPI-induced TF expression in monocytes elevat-
ed levels of TNF-a levels in placental tissues , thus, by block-
ing TNF-a, it can improve endothelial dysfunction and prevent
pregnancy loss [68]. Although these are promising drugs, still
it is early to evaluate the outcome and there is need for more
clinical trials.
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