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Abstract 

The occurrence of antiphospholipid syndrome (APS) during pregnancy has 

come to marked attention in the recent years. The APS is primarily a 

multisystem disorder which also imposes a serious impact on pregnancy. Its 

association with pregnancy outcome varies from normal delivery to a wide 

range of complications. APS is an autoimmune disease wherein 

autoantibodies are produced against the phospholipids of the cell membrane. 

It causes thrombosis in the arteries and veins to result in pregnancy-

associated complications like pre-eclampsia, miscarriage, stillbirth, 

pregnancy induced hypertension, recurrent thrombotic event, fetal 

retardation, and sterility. Besides these, gravid women are also at the risk of 

complications like haemolysis elevated liver enzyme and low platelet 

(HELLP) syndrome. Diagnosis of APS is difficult due to its various clinical 

manifestations but detection of an antibody such as antiphospholipid 

antibody (APLA) in blood is helpful in its diagnosis. APS has different 

presentation and outcomes among pregnant women. Many cases of fetal 

loss are in early period. Although, many complications can occur due to 

APS, but there are only a few numbers of pregnancies that end in a fetal 

loss. Nevertheless, if detection of APLA is done earlier in pregnancy then 

with the proper treatment, the successful outcome of the pregnancy can be 

achieved. This review briefly focuses on APS during pregnancy from its 

pathogenesis, diagnosis, associated antibodies treatment and recent 

advances made for better understanding of the disease. 
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Introduction 

Antiphospholipid syndrome (APS) has the ability to 

form antiphospholipid antibodies (APLA), which are 

often found during the disease and have clinical 

manifestations, like pregnancy associated morbidity. 

The pregnancy associated morbidity might be 

recurrent early loss of pregnancy, stillbirth, and pre-

term birth due to placental insufficiency and/or 

thrombosis. It is also termed as Hughes syndrome in 

some countries like United Kingdom [1]. The 

antibodies which are accountable for this syndrome 

are lupus anticoagulant (LA), anti-β2-glycoprotein 1 

antibodies (anti-β2-GP1 Abs) and anti-cardiolipin 

antibodies (aCL). These autoantibodies are found 

prevalent in around 5% of the normal population [2, 

3], and there are up to around 40% of women who 

suffer from recurrent miscarriage or still-birth [4-8]. 

The prevalence of APLA, even in low risk obstetrical 

population, ranges from 1-9% [5, 8, 9-11]. These 

outcomes have been attributed to placental 

thrombosis and /or infarcts. However, in around 50% 

of cases decidual or placental thrombosis cannot be 

confirmed [12, 13]. 

The disease pathophysiology is mainly due to the 

action of numerous autoantibodies on their various 

antigenic targets that are found in APS patients [14]. 

Despite the inscrutable cause of origin, these 

autoantibodies are thought to be caused by several 

environmental factors in the individuals that interact 

with genetic markers, rendering them susceptible to 

the disease [15, 16]. Though, the exact pathogenesis 

of the disease is unclear, many researchers have 

focused on interactions between antiphospholipid 

antibodies and target cells like endothelial cells, 

lymphocyte and trophoblast cells which cause 

enhanced platelet aggregation, release of 

inflammatory cytokines, coagulation abnormalities 

and trophoblast cell damage [17]. The antibodies of 

APS bind to the receptor of target cells, resulting in 

its activation and thrombosis of large vessels [18]. 

There are few other mechanisms which have been 

considered to play a pivotal role in APS such as 

inhibition of  protein C and S, shield on cell surface 

of annexin A5 disruption [19] leading to 

hypercoagulable state, complement activation, 

neutrophils generating DNA nets [20, 21]  and  

activation of  monocyte protease receptor [22]. The 

probable cause of fetal loss can be due to 

inflammatory process through the activation of 

complement pathway [23-26], over-expression of 

tissue factor in monocytes and neutrophils [26], or 

via angiogenic factors negative imbalance [27]; even 

though thrombosis would not be present. The study 

on placental anatomy of miscarriage patients with 

APS done by Wang et al. [28] found diffuse 

thrombosis in uterine spiral artery and other small 

vessels. This review was an attempt to explore the 

diagnostic criteria, antibodies, thrombotic events, 

common outcomes and recent advances of 

antiphospholipid syndrome.  

Diagnostic criteria of antiphospholipid 
syndrome 

According to revised Sapporo criteria done in 2006 

[1], the diagnosis of APS should be considered 

positive if at least one of the clinical criteria and one 

of the laboratory criteria are met (Table 1) 

Clinical criteria  

Clinical criteria comprises of the presence of vascular 

thrombosis (arterial, venous, small vessel) without 

inflammation of vessel wall in histopathology. A 

second criterion is pregnancy morbidity inclusive of 

one of the following: (1) ≥1 unexplained loss of 

morphologically normal fetus at or ≥10 weeks 

gestation, which is determined by direct examination 

or ultrasound; (2) ≥1 premature birth of 

morphologically normal neonate before 34 weeks 

gestation precipitated by eclampsia or severe pre-

eclampsia or manifestations of placental insufficiency 

that includes unsatisfactory fetus surveillance test, 

aberrant Doppler flow velocimetry suggesting fetal 

hypoxemia, intra-uterine growth restriction (IUGR) 

and oligohydramnios and (3) ≥3 inexplicable 

consecutive spontaneous abortions at or before 10 

weeks of gestation with the exclusion of hormonal or 

anatomic abnormalities in mother and chromosome 

abnormalities on both mother and father side. 

Laboratory criteria 

Below listed criteria required to be at least positive 

twice with twelve weeks of separation and should not 

exceed five years of the clinical manifestation, so as 
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Table 1 Diagnostic criteria of antiphospholipid syndrome according to the revised Sapporo criteria. 

Clinical criteria Laboratory criteria 

1. Presence of vascular thrombosis (arterial, venous or small 

vessel) 

2. Pregnancy morbidity that may include one of the following: 
a) ≥1 unexplained deaths of morphologically normal 

fetus at ≥10 weeks gestation. 

b) ≥1 premature birth of morphologically normal 
neonate in <34 weeks gestation due to eclampsia or 

severe preeclampsia or features of placental 

insufficiency. 
c) ≥3 consecutive spontaneous abortions in <10 weeks 

gestation excluding maternal anatomic or hormonal 

abnormalities and chromosomal abnormalities on 
maternal or paternal side. 

1. Presence of plasma LA, on ≥2 occasions at ≥12 weeks apart 

detected according to the guidelines of the International 

Society of Thrombosis and Hemostasis. 
 

2. Presence of plasma or serum aCL (IgG and/or IgM) in 

medium or high titer (>40 GPL or MPL, or >99th 
percentile),  on ≥2 occasions, at ≥12 weeks apart, measured 

by a standardized ELISA‡ 

 
3. Presence of plasma or serum antiß2GP1antibody (IgG 

and/or IgM) with a titer >99th percentile, on ≥2 occasions, 

measured by standardized ELISA. 
 

LA = lupus anticoagulant; aCL = anti-cardiolipin antibodies; ELISA = enzyme linked immunosorbent assay; ntiß2GP1 = anti-beta2-glycoprotein 1. 

 

to be considered positive for APS [1]. (1) Presence of 

plasma lupus anticoagulant (LA), twice or more with 

at least 12 weeks of separation and should be 

discerned as per the guidelines set by the 

International Society of Thrombosis and Haemostasis; 

(2) presence of plasma/serum anticardiolipin 

antibody (aCL) of IgG and/or IgM isotype, in 

medium/high titer (>40 GPL/MPL, or >99th 

percentile), occurring two or more times, separated 

by at least 12 weeks, when calculated by standard 

ELISA (Enzyme-linked immunosorbent assay) and (3) 

presence of plasma or serum anti-ß2-glycoprotein I 

(anti-ß2-GP1) antibody of IgG and/or IgM isotype in 

serum/plasma, with a titer of >99th percentile, 

occurring two or more times, calculated by standard 

ELISA. 

Antibodies in antiphospholipid 
syndrome 

Antiphospholipid syndrome (APS) is characterized 

by the existence of antiphospholipid antibodies 

(APLA) like anti-ß2-glycoprotein I (Anti-β2GPI), 

anticardiolipin antibodies (aCL), and lupus 

anticoagulant (LA), which are associated with arterial, 

venous or micro-circulation thrombosis and play a 

substantial role in obstetrical phenomenon. The assay 

performed in different labs of APLA has been taken 

into consideration for the correlation between APS 

and pregnancy outcome. Severity in outcome of 

complication in mother and fetus varies with the 

presence of APLA in APS during pregnancy [29]. 

Ruffatti et al. [30] have shown that, even with proper 

treatment, high titers and triple positivity for APLA 

were associated with both mother and fetal  

 

complications. Premature birth, fetal loss, and pre-

eclampsia were the most common manifestations 

found to occur in 10–20% of APS associated 

pregnancies [31].  

One of the multi-centered, prospective 

observational study of pregnancies with systemic 

lupus erythematosus (SLE) and/or APS called 

PROMISSE study (Predictors of pRegnancy 

Outcome: biomarkers In antiphospholipid antibody 

syndrome and systemic lupus erythematosus), was 

designed to identify the clinical features, laboratory 

tests and biomarkers that can be useful in predicting 

the adverse pregnancy outcomes (APOs) after first 

trimester.  Adverse pregnancy outcomes (APOs) are 

characterized as fetal loss post 12 weeks  gestation, 

neonatal loss, delivery pre 36 weeks gestation caused 

by placental insufficiency,  and pre-eclampsia or  

small for gestational age (birth weight <5th 

percentile). The early data analysis done by 

PROMISSE stated that strong predictor of adverse 

pregnancy outcomes in APLA-positive patients was 

due to lupus anticoagulant [32]. 

Recurrent miscarriage, stillbirth and 
presence of associated antibodies 

APS was found prevalent in about 15% of recurrent 

fetal losses, implying that it is among the main non-

inherited causes for recurrent miscarriages, although, 

fetal chromosomal abnormalities were found to be 

main cause. Recurrent miscarriage is considered if 

there is a loss of two or more pregnancies with same 

partner before week 24 of the gestation period [33]. 

The percentage of unexplained recurrent miscarriages 

was 7% and 25%, because of the presence of APLA. 
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Loss of fetus post twenty weeks goes up to 30% 

[34]. Cervera et al. [35] in their study with 1580 

cases of pregnancies concluded that the proportion 

of early fetal loss (<10 weeks) was 35.4%, whereas 

that of late fetal loss (≥10 weeks) was 16.9%. The 

proportion of live birth was 47.67% and ratio of 

premature to live birth was 10.6%. This cohort [36] 

did another study that showed early fetal loss as the 

most common fetal complication (17.1%) followed 

by late fetal loss (6.7%). Premature births (35% of 

live births) as well as intrauterine growth restriction 

(13.7% of live births) were also noteworthy in the 

report. Still birth is also seen in APS patients and it 

affected up to 7% of the pregnancies, as seen in the 

“Euro-Phospholipid” project on 1000 patients. 

These cases have declined in developed countries 

[36]. 

A study conducted by Yelnik et al. [37] 

established the relationship between LA and APS 

with small group of patients that showed 9 out of 17 

(53%) had APOs which included fetal death in 29%, 

while in LA negative patients, 4 out of 24 (17%) 

had APOs without fetal death. The aCL IgG 

frequency between patients with and without APOs 

(69% and 55%, respectively) showed no difference. 

In addition to that six out of nine patients, who had 

aCL IgG positive displayed APOs, also had LA. 

Similarly, β2-GPI IgG positive (61% vs 50%) 

having APOs, also had LA which was found in five 

of eight patients. They were able to confirm that LA 

was only APLA to be associated with APOs after 

the first trimester and it was the only predictor 

which was sufficient for poor outcome of pregnancy 

post first trimester [37]. There was an analogous 

study done retrospectively by Helgadottir et al. [38], 

who compared 105 patients with 262 control live-

births and reported positive association of LA with a 

history of fetal death post 26 weeks of gestation, but 

not β2GPI nor aCL. Another study, done with 247 

patients, who had obstetrical APS, was through 

prospective and retrospective method using a data 

from European Registry of Antiphospholipid 

syndrome. It reported that LA as well as triple-

positive APLA were found to be in association with 

early and late pregnancy complications [39]. 

Recently, a study was conducted that stated anti-

β2-GP1 Ig-M antibodies were the predominant form 

of antiphospholipid antibody in patients with 

recurrent miscarriage and APS, inferring that β2-

GP1 is the main antigen in the disease pathology 

[40]. Out of 123 patients in this study, all were 

positive for anti -β2-GP1 IgM, while 13 of the 123 

patients (10.6%) were also positive for 

anticardiolipin IgM. Among those, 99 had 

successful pregnancies, of which 87 resulted in live 

births, and the overall success rate was 87.9% 

(87/99). Miscarriage occurred in 12 cases and 24 

patients had not become pregnant by the time they 

collected the data. The miscarriage group had one 

case of biochemical pregnancy (1%) and 11 cases of 

embryo damage (11.1%) while the live birth group 

included four cases of preterm labor (4%) and 83 

cases of full-term birth (83.8%). There was no case 

of stillbirth [40]. There is a conformational change 

that occurs when β2-GP1 bind to phospholipids on a 

cell membrane exposing the key sites for 

antiphospholipid antibodies to bind. Another study 

has even showed that β2-GP1 may be the main 

antigen for anticardiolipin antibodies [41]. β2-GP1 

combines with phospholipids on the trophocyte 

membrane during the process of zygote 

implantation damaging the trophocyte to cause loss 

of pregnancy [42, 43]. Another analysis was done 

with 152 healthy women, out of whom, 141 women 

had recurrent spontaneous abortion without APS, 58 

women had a history of fetal death and 73 women 

had APS. This analysis reported that there was a 

marked elevation in antibody titers of anti-β2-GP1 

in the APS patients compared to the other three 

groups [44]. 

Thrombotic events and associated 
antiphospholipid antibodies 

The other pathology linked with APS along with 

obstetrical pathologies is recurrent thrombotic 

even ts  (RTE) .  The  co -occur rence  of  bo th 

miscarriage and thrombosis is gauged to be in the 

range of 2.5–5% of the APS pregnancies [36]. The 

indication for the management and the risk present 

for complications like pulmonary embolism (PE)  
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renders RTEs as one major problem. Nevertheless, 

the chances of encountering a thrombotic event in 

APS patient are usually low if the ongoing 

pregnancy is undergoing adequate medications. The 

best prognosticator for thrombosis is LA in 

comparison to other APLA. The study done on 753 

cases and 234 controls revealed a strong 

relationship between LA and thrombosis having an 

odds ratio of 5.7-9.4; whereas, all did not have the 

same kind of association [45]. In contrast to the 

above finding, another study showed that LA alone 

was not that significantly attributable to the danger 

of   foremost deep vein thrombosis (DVT) (odds 

ratio 1.3, and 95 % CI = 0.3 to 6.0), but if the 

patient had positive anti-β2-GPI antibodies (or anti-

prothrombin) and LA, the OR of a foremost DVT 

escalated to 10.1 with 95 % CI ranging from 1.3 to 

79.8 [46].  A retrospective research conducted with 

160 APS cases having positive aCL, anti- β2GPI and 

LA- so called “triple positive” patients, revealed 

that 123/160 patients were under long-period 

anticoagulation therapy. The follow up was done 

after 1, 5 and 10 years, where-in the occurrence of 

recurrent thrombosis was evidently 12.2%, 26.1%, 

and 44.2%, respectively [47]. The rate of the 

foremost thrombotic incidence in individuals with 

double or triple-positivity (1.27%) was twice high 

than that in women with the single-positivity 

(0.65%), as shown by recent study of 119 female 

with APLA carriers [48]. 

There was a new development to give substitute 

scoring for the diagnosis of APS called global APS 

score (GAPSS), which is based on risk factors like 

loss of pregnancy and independent thrombosis [49]. 

According to the GAPSS, IgG/IgM aCL carries five 

points; IgG/IgM anti-β2GP1 and LA carry four 

points; IgG/IgM anti-phosphatidylserine-

prothrombin complex antibodies and 

hyperlipidaemia carry three points; and arterial 

hypertension carries 1 point [50]. Developed 

primarily in patients suffering with systemic lupus 

erythematosus (SLE), it was observed that the 

higher value of GAPSS scores pertained in patients 

displaying pregnancy loss and/or thrombosis when 

compared to the cases without any clinical events. It 

was used to evaluate two separate groups for 

incidence of thrombosis and the result was the one 

with higher GAPSS value experienced higher 

incidence of  thrombosis [51]. 

Others commonly seen outcomes of 
antiphospholipid syndrome 

Pregnancy with APS might also have minor 

symptoms like thrombocytopenia or livedo reticularis 

in more than 20% of the cases [36]. The 

manifestation of thrombocytopenia was seen in 

nearly 30% of the cases in APS [35]. The association 

of APS to that of preeclampsia has also been well 

established by various studies [52, 53].  Preeclampsia 

criteria must be followed for its diagnosis which 

includes elevated blood pressure (BP) 

of >140/90 mm of mercury with proteinuria of at 

least 300 mg in a 24-hour urine, post 20 week of 

gestation or elevation of systolic BP by ≥30 mm of 

mercury or diastolic BP by ≥15 mm of mercury post 

20 week of gestation, coexisting with proteinuria 

and/or edema. For diagnosing severe pre-eclampsia at 

least one of the following must be present with before 

mentioned criteria. (1) Systolic BP ≥160 mm of Hg 

or Diastolic BP ≥110 mm of Hg on two incidents 

separated by at least 6 hours; (2) proteinuria of  ≥5 g 

in 24- hour urine collection separated by at least 4 

hours; (3) cyanosis or  pulmonary edema; (4) oligura  

characterized by <400 ml  of urine in 24 hours; (5) 

persistent headache; (6) Impaired liver function 

and/or epigastric pain; (7) thrombocytopenia and (8) 

oligohydramnios, reduced fetal growth or abruption 

of placenta. 

Incidence of ‘Hemolysis Elevated Liver Enzyme 

and Low-platelet’ (HELLP) syndrome in APS is 

difficult to determine. However, it seems severe as 

well as occurs earlier during pregnancy as opposite to 

patients not affected by APS [54, 55]. The studies of 

placental insufficiency are limited, but its occurrence 

has been established with preeclampsia even in 

treated patient who has APS [56]. There are many 

cohort studies which have shown the relation of APS 

with Intra-Uterine Growth Retardation (IUGR). 

However, there are some limitations due to small 

number of patient and difference in definition 

[56].  The proportion of IUGR ranges from 13–33% 

in pregnancies with APS, and that of prematurity 
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ranges from 16–50%, with an average gestational age 

of 31 weeks [57-62]. 

Catastrophic Antiphospholipid Syndrome (CAPS) 

that can also affect mothers is prevalent in around 

one percent of APS cases. This syndrome can be 

presented in non-pregnant too. CAPS are thrombotic 

storm which leads to multi-organ failure due to 

micro-angiopathic diffuse thrombosis. The 

association of pregnancy and postpartum was 6% 

[63]. The risk of getting stroke is increased in an 

infant who are born from the mothers suffering from 

APS [64].  According to the latest research done on 

single pregnancies, aCL is most common single 

APLA present, but anti-β2-GP1 is the one linked 

with the lowest live birth rate and highest incidence 

of intrauterine growth restriction, stillbirth and 

preeclampsia, in comparison to aCL or LA. The risk 

of obstetric complications and lower birth rate is 

increased in women with APS if <1 antiphospholipid 

antibody is present [65].  

Laboratory tests for the detection of 
antiphospholipid syndrome antibodies 

An instrument that is getting acceptance clinically 

and allows quantitative measurement of autoantibody 

is Automated Coagulation Laboratory (ACL) Acustar 

Analyzer (BIO-FLASH instrument). It uses a 

chemiluminescence immunoassay (CIA) [66- 68]. 

Blood samples are tested in laboratories using 

enzyme-linked immunosorbent (ELISA) assay kit. In 

order to detect LA, clotting assays are used that is 

phospholipids dependent as APLA is proficient to 

delay it. Due to the heterogeneity of different 

individual APLA, LA test is challenging to 

standardize and one test is not sufficient [51]. The 

International Society on Thrombosis and 

Haemostasis guidelines recommended two different 

assay principles:  a sensitive activated partial 

thromboplastin time (aPTT) and the diluted Russell 

viper venom (dRVVT) test [69]. Detection of LA in 

laboratory done as per the updated guidelines should 

meet the following criteria: (1) when the content of 

phospholipids in the test is low, prolonged 

phospholipids dependent clotting test should be done; 

(2) when there is lack in rectifying the delayed 

clotting time, small amount of normal plasma is done; 

and (3) using reagent that gives poor response to 

effects of LA or using platelet fragment that will 

remove all APLA [69]. Either a mixing test-specific 

cut-off (MTC) or index of circulating anticoagulant 

(ICA) for mixing test interpretation was 

recommended by current guidelines for LA detection 

[70]. Latest finding from a study done by taking 350 

LA positive plasma and comparing them with  

patients who did not have anticoagulant in order to 

analyze  rates of inhibition detection suggested that 

MTC is superior to detect inhibition of LA in vitro 

than ICA [70]. 

Radioimmunoassay or ELISA by using solid 

phase antigen cardiolipin is used to detect aCL. For 

aCL assay, the use of serum is done. GPL, MPL and 

IgA units are used as an expression of IgG, IgM 

and/or IgA isotype, respectively, and activity of 

binding of 1 mg/ml of affinity purified aCL is 

represented by 1 unit [50]. Generally for APS, aCL 

are more sensitive whereas LA positivity is more 

specific [46, 71]. The detection of β2-GP1 antibody 

is done by ELISA. Nevertheless, anti-β2-GPI 

antibodies are seldom to be found alone even in 

patients who have clinical features of APS [72]. 

Recent studies have been focusing on the five 

homologous domains (D1 to D5) of β2-GPI. The 

region of D1 has been found to be mainly associated 

with APS [73, 74]. Along with these, many 

researches are being conducted to study the effect of 

APS on different receptors. 

Recent advances in the treatment of 
antiphospholipid syndrome 

Recently, some improvement has been seen in 

dealing with the APS. The main aim is to cultivate 

positive result in mother, fetus and neonates along 

with minimizing the complications related to APS. 

Use of prednisone prior to conception lowers the 

antibody titer by inhibiting the formation of antibody. 

Due to this property, it has been used in the treatment 

of recurrent miscarriage and APS. But it is not used 

more than 30 weeks after pregnancy to avoid its side 

effect like obesity and liver dysfunction [40]. 

Combined therapy had emerged to be more efficient 

currently in comparison to single therapy that was 

being used in the past. Contemporary understanding 
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puts a light on the use of prednisone along with 

LMWH (low molecular heparin) and aspirin resulting 

in 87.9% successful pregnancies (87/99) [40]. The 

administration of LMWH and aspirin is due to their 

role in coagulation cascade. Another role of heparin 

is to block the hyper-activated complement system 

evident in APS [75]. Despite treating patients with 

prophylactic LMWH and aspirin in lower dose, the 

chance of a live born neonate is only 30% for triple-

positive women [65]. Aspirin has also been used in 

the treatment of APS due to its role in inhibition of 

platelet aggregation and lowering prostaglandin 

syntheses activity which in turn decreases the 

chances of thrombosis. The rate of live birth was 

improved from 10% before the treatment to 88% 

after the use of aspirin [76].  

Hydroxychloroquine (HCQ) is also used as a 

second line of treatment [77]. It is anti-inflammatory 

and anti-aggregate that prevents cardiac congenital 

abnormalities and lupus flares. It also averts recurrent 

loss of fetus. There has been no report on side-effect 

to babies in mother treated with HCQ [78-80]. The 

effective therapeutic approach used for CAPS 

consists of anticoagulation, corticosteroids, and 

plasma exchange. The first-line treatments used in 

CAPS are high-dose steroids, i.e., 1000 mg 

methylprednisolone daily for 3 days or longer and 

heparin. There has been improvement in fatality rate 

with plasma exchange as seen by the observational 

studies and the CAPS registry [77].  

Conclusions 

Antiphospholipid syndrome is a disease that has high 

complication in pregnancy for both mother and fetus.  

Although, there has been some progress in diagnosis 

and treatment of the disease, but it is still challenging. 

Preconception counseling and treatments are required 

for the successful pregnancy outcome. Despite some 

studies implying no need of screening healthy 

pregnant women [81], screening of high-risk APS 

patient will definitely improve their pregnancy 

outcome. As the risk of maternal death is anticipated 

in APS, pregnancy should be avoided in patient with 

pulmonary hypertension and delayed in patient with 

uncontrolled hypertension or recent thrombotic event 

such as stroke [82]. Combination therapy has 

emerged as an efficient method to alleviate the 

complication of APS. Furthermore, supplementary 

studies are recommended to apprehend the 

pathological mechanisms, diagnosis and management 

so as to enhance the successful pregnancy result. 
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