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Abstract
Antiphospholipid syndrome (APS) is an autoimmune disorder that causes venous, arterial and small-vessel
thrombosis, pregnancy loss, and premature birth. Cardiac valvular disease, renal thrombotic
microangiopathy, thrombocytopenia, hemolytic anemia, and cognitive impairment are some of its other
clinical symptoms. Antiphospholipid antibodies cause endothelial cells, monocytes, and platelets to become
activated, as well as an increase in tissue factor and thromboxane A2. Complement activation might play a
key function in pathogenesis.

Long-term oral anticoagulation is used to treat thrombosis, and individuals having arterial episodes should
be treated quickly. Patients with systemic lupus erythematosus (SLE), as well as those with solely obstetric
antiphospholipid syndrome, should get primary thromboprophylaxis. Obstetric care is based on a
combination of medical and obstetric high-risk management, as well as aspirin and heparin therapy.
Possible supplementary therapy for this condition is hydroxychloroquine. Statins, rituximab, and novel
anticoagulant medicines are all potential future treatments for non-pregnant individuals with
antiphospholipid syndrome. We aim to review the role of direct-acting oral anticoagulants (DOACs) as
thromboprophylactic drugs in the treatment of APS in this article.

The treatment of venous thromboembolism has been transformed by a new class of DOACs. These drugs,
such as rivaroxaban, function by inhibiting factor Xa directly. Not only do they have known anticoagulant
actions, but they also obviate the need for dosage monitoring and modification, in contrast to warfarin.

We conducted an exhaustive literature search of PubMed/MEDLINE and Google Scholar Indexes using the
keywords “Antiphospholipid syndrome,” “thromboprophylaxis,” and “oral anticoagulants” up to September
2021. We found that DOACs have been shown to be non-inferior to warfarin in a variety of anticoagulation
situations in a number of high-powered clinical studies. In many hypercoagulable conditions such as APS,
DOACs are quickly establishing themselves as first-line therapy. This article is focused on comprehensively
reviewing the mechanism of action of DOACs, their role as thromboprophylactic drugs, risks and
complications of DOACs, and comparing their efficacy with the standard treatment protocol and warfarin.

Categories: Internal Medicine, Rheumatology, Hematology
Keywords: rheumatology & autoimmune diseases, thrombosis, hypercoagulable state, direct acting oral
anticoagulant, antiphospholipid antibody (apla), thromboprophylaxis

Introduction And Background
Antiphospholipid syndrome (APS) is a multisystem autoimmune disorder that is characterized by
thrombosis (arterial, venous, or microvascular) and/or obstetric morbidity along with the presence of
persistent antiphospholipid antibodies (aPL) in the serum. It is the commonest acquired hematologic cause
of recurrent thromboembolic events [1]. It can occur as an isolated disease, called primary APS, or it can
occur in association with other systemic autoimmune disorders (secondary APS). Younger adults of both
genders, with a median age of 40 years, are seen to be affected predominantly by primary APS [2]. A marked
female predominance has been observed in secondary APS, mainly when associated with systemic lupus
erythematosus (SLE) [3]. “Catastrophic antiphospholipid syĺndrome” (CAPS) is another clinical entity
defined by the occurrence of three or more new episodes of histologically confirmed organ thrombosis
within a week in a patient with a history of APS [4].

The thrombotic events seen in APS are heterogeneous and can range from mild to potentially life-
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threatening recurrent episodes. The manifestations of arterial thrombi vary across a spectrum depending on
the site of the thromboembolic event, the most common site being the cerebral vasculature, which usually
presents in the form of a stroke or transient ischemic attack [5]. Occlusions in the retinal, coronary, renal,
and mesenteric arteries can also occur. The venous thrombosis most commonly manifests as deep vein
thrombosis of the lower extremities [6]. Other sites of venous thrombosis include the pelvic, renal, hepatic,
superficial veins, portal, axillary and cerebral sinuses, and inferior vena cava.

The international classification criteria for antiphospholipid antibody syndrome states that APS can be
defined by the presence of both clinical and laboratory criteria. The clinical criteria include arterial or
venous thrombosis (which has to be confirmed by objective validated criteria using imaging studies or
histopathology) and pregnancy morbidities, such as recurrent early miscarriages (before 10th week of
gestation), late pregnancy losses, and/or premature birth due to severe preeclampsia or placental
insufficiency. The laboratory criteria include the presence of these three antibodies: anticardiolipin (aCL),
immunoglobulin G (IgG), and/or IgM antibodies by enzyme-linked immunosorbent assay (ELISA), anti-beta2
glycoprotein I antibodies (anti-β2GPI) IgG and/or IgM ELISA, and the lupus anticoagulant (LA) antibody.
The presence must be confirmed on two or more occasions at least 12 weeks apart [7]. These antibodies are
seen to have a direct pathogenic role as well, in addition to aiding in diagnosis [8]. The aPL profile, based on
the type, titer, and the number of positive aPL tests defines the thrombotic risk of a patient. In addition to
these antibodies, some of the other potential laboratory findings include thrombocytopenia, hemolytic
anemia, prolonged activated partial thromboplastin time (aPTT), a history of false-positive venereal disease
research laboratory test for syphilis, and low complement levels.

Anticoagulation has been the mainstay of treatment for thrombotic APS for years [9]. This involves heparin
overlapping with warfarin or other vitamin K antagonists (VKAs). Therapy with standard-intensity warfarin
is then continued indefinitely due to the high rate of recurrent thrombosis and the potentially devastating
nature of these events, particularly arterial thrombosis. However, therapy with VKAs is often problematic, as
they have a slow onset of action, require frequent monitoring with international normalized ratio (INR) with
associated costs and burdens, and the monitoring itself is complicated as well, due to the variable
responsiveness of reagents used in the INR test to lupus anticoagulants. VKAs have a very narrow
therapeutic window and show numerous drug and dietary interactions. The dosing is affected by illness,
changes in diet, and numerous interacting medications. Recurrences of thrombosis are reported in treated
patients as well, despite anticoagulation with VKAs [10].

Due to these limitations, other therapeutic alternatives have been sought. There has been a recent interest
in the use of direct oral anticoagulants for APS due to their convenience, lack of need for laboratory
monitoring, fixed-dose administration, and decreased risk of bleeding [11]. They have a rapid onset of
action, thereby diminishing the need to bridge anticoagulation with low molecular weight heparin (LMWH).
Based on these features and a positive experience with these agents in other prothrombotic conditions, they
have been proposed for secondary thromboprophylaxis (after a thrombotic event has occurred) in patients
with APS. However, due to limited and contrasting data regarding their efficacy and safety, the use of direct-
acting oral anticoagulants (DOACs) is still a matter of debate.

Review
Epidemiology
Prevalence in Primary APS

Various studies have found the prevalence of aPL in the general population, with apparently healthy people,
to be 1% to 5%. Furthermore, it increases with the aging process [12]. Another study stated that aPL is found
to be in higher frequency in the young population [13]. The male-to-female probability may differ according
to the type of APS, and it is known to be 1:3.5 for primary APS [5].

Prevalence in Secondary APS

According to research, aPL can be detected in up to 50% of SLE patients. Nonetheless, only one-third of
these aPL-positive patients will eventually develop thrombotic events [14]. In a different study, the male-to-
female probability for secondary disease associated with SLE is found to be 1:7 [5].

Epidemiology of APS

APS occurs only in a minor fraction of aPL-positive people. As per one study, five new cases per 100,000
persons per year was the approximate incidence of APS. The same study also found that 20 to 50 cases per
100,000 persons were the estimated prevalence [15,16]. When studied across the age groups, it was found
that 85% of patients with APS are between 15 and 50 years of age, and according to sex, it is more
widespread in women than men [5]. CAPS prevalence is less than 1% of all cases of APS [17-19]. An
international registry known as CAPS Registry was developed in 2000 by the European Forum to systemize
all the published case reports and the newly diagnosed cases from all over the globe [18].

2021 Arora et al. Cureus 13(10): e19009. DOI 10.7759/cureus.19009 2 of 14



Epidemiology of the Thrombotic Complications of APS

Multiple studies have indicated that nearly 30-40% of patients with aPL have a history of thrombosis and
that venous incidents account for a majority of them while only 30% of the events are arterial [19,20].
Studies have also found that the most common arterial site affected is the cerebral vasculature [21]. In 29-
55% of APS patients, venous thrombosis usually presents as DVT in the lower extremities within a follow-up
period of six years [22-24]. An evaluated number of 11% of patients with myocardial infarction (MI), 9.5% of
patients with DVT, and 13% of patients with stroke are documented with aPL positivity [17].

Epidemiology of Obstetric Complications of APS

Women with APS have a high risk of pregnancy loss from the 10th week of gestation [25]. In the general
population, nearly 1% of the females attempting to have an offspring experience recurrent miscarriages, and
10% to 15 % of them are diagnosed with APS [26]. Complications of placental insufficiency, preeclampsia
occur in about 50% of pregnant APS patients [27]; 25% of pregnant women with growth-restricted fetuses
were found to have aPL in one study [28].

Pathogenesis
APS is an autoimmune disorder with characteristic features of recurrent thrombosis and pregnancy
complications [29]. The aPL group has autoantibodies that interact with phospholipid-binding plasma
proteins; the most significant one is β2-glycoprotein I (β2GPI) [30]. The plasma proteins (β2GPI) bind to
phosphatidylserine, a phospholipid located on the inner surface of the cell membrane. This results in
shifting phosphatidylserine onto the outer surface, inducing cell activation, clearance of apoptotic cells,
and/or coagulation [31].

Pathogenesis of Thrombosis

One of the hallmarks of APS is thrombosis, and the components involved in inducing it are endothelial cells,
platelets, monocytes, and the complement system.

Endothelial cells are activated as a result of anti-β2GPI antibody activity that causes the expression of
adhesion molecules including vascular cell adhesion molecule-1 and E-selectin on their cell surfaces,
resulting in a procoagulant condition. These antibodies also activate monocytes, which up-regulate tissue
factor synthesis, activating the extrinsic coagulation pathway in the process. Platelets are also activated by
anti-β2-GPI, resulting in an increase in glycoprotein IIb-IIIIa expression, thromboxane A2 production, and
platelet factor-4 secretion [32]. These then induce a procoagulant condition [33]. aPL antibodies activate the
complement cascade that stimulates the production of C3a, C5a, and the membrane attack complex (MAC)
[32].

In healthy individuals, Annexin A5 binds to phosphatidylserine, forming a buffer that limits the formation of
procoagulant complexes. In APS patients, anti-β2GPI autoantibodies in complex with β2GPI disrupt this
anticoagulant buffer, uncovering the procoagulant phosphatidylserine, therefore leading to thrombosis
[34] (Figure 1).
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FIGURE 1: Pathogenesis of antiphospholipid antibody syndrome
Anti-β2GPI: anti-β2-glycoprotein-1

It is observed that only a small percentage of patients who have aPL antibodies suffer from thrombotic
complications, whereas the majority remain asymptomatic. This is explained by the "two-hit hypothesis,"
which suggests that the first hit (existence of aPL antibodies) is insufficient to cause clinical disease and
that thrombosis requires a second hit, which might be estrogens, surgical procedures, trauma, or infections
[32].

Pathogenesis of Obstetric Complications

In aPL positive pregnant women, many complications have been observed. The aPL antibodies could cause
an intervention with annexin A5, which induces placental thrombosis and recurrent miscarriages [35].

β2GPI has an affinity to cytotrophoblast cells and can directly bind to them. Then, the anti-β2GPI
antibodies bind and form antigen-antibody complexes. The formation of complexes can lead to the release
of C5a [36], which consequently alters a variety of cell activities, that includes direct cellular injury,
apoptosis or suppression of proliferation, and syncytia formation or defective invasiveness of the
trophoblastic cells [32]. It has also been observed that aPL binds and reduces the secretion of human
chorionic gonadotropin [37].

Mechanism of action of direct oral anticoagulants
DOACs work by inhibiting specific enzymes in the coagulation cascade. DOACs include direct factor Xa
inhibitors (rivaroxaban, apixaban, and edoxaban), as well as dabigatran, the only drug that functions
differently as a direct thrombin inhibitor (DTI), have all been approved by the Food And Drug Administration
and are currently accessible for clinical usage [38]. It is also plausible that direct inhibitors of other clotting
cascade enzymes may be developed in the coming years.

Factor Xa (FXa) is a clotting factor that plays a vital role in the coagulation pathway leading to thrombin
production and clot formation. The direct FXa inhibitors work by blocking FXa, which is the initial step in
the common pathway. Direct FXa inhibitors control thrombogenesis by selectively inhibiting FXa without
requiring cofactors [39]. The inhibition occurs in a dose-dependent manner [40]. These drugs directly act on
the FXa site on prothrombin (bound to Factor Va). These drugs also inhibit prothrombinase activity,
hindering FXa from cleaving prothrombin to thrombin [41]. It has been illustrated that, when activated, one
molecule of FXa can produce over 1000 molecules of thrombin [42]. They do not directly influence platelet
aggregation induced by collagen, adenosine diphosphate, or thrombin, but by inhibiting FXa, they indirectly
reduce clot formation induced by thrombin [43].
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Thrombin (factor IIa) is the final enzyme of the clotting cascade that generates fibrin. It has a vital role in
coagulation, activating other procoagulant factors, including V, VIII, XI, and XIII, and platelets [44]. Direct
thrombin inhibitors (DTIs) bind to the active site of the thrombin enzyme (univalent DTIs) or two sites, the
active site and exosite I, a positively charged portion of the thrombin molecule physically isolated from the
active site (divalent DTIs) [44,45]. Both circulating and clot-bound versions of thrombin are functional.
Because their area of binding to thrombin is not obscured by fibrin, DTIs can block both types of thrombin.

Dabigatran is a DTI and is a low molecular weight prodrug. Non-specific esterases in the liver and plasma
convert it to its active form, dabigatran. Through ionic interactions, it binds directly to the active site of the
thrombin. The inactivation of fibrin-bound thrombin and free thrombin is competitive and reversible.
Dabigatran can stop thrombin-induced thrombus formation by preventing the conversion of fibrinogen to
fibrin, positive feedback amplification of coagulation activation, cross-linking of fibrin monomers, platelet
activation, and suppression of fibrinolysis in the coagulation cascade.

All of the direct FXa inhibitors are rapidly absorbed after oral administration. They have similar time courses
for action. Penetration into the systemic circulation is initially rapid, with more than 90% of the drug
reaching circulation 30 minutes after oral dosing. The impact of the intestinal biotransformation enzyme, P-
glycoprotein (P-GP), on absorption is dose-dependent. Since the half-life of the active metabolite is longer
than that of the parent compound, the duration of action is also dose-dependent. However, since multiple
mechanisms eliminate all three drugs, there are inherent differences in their dosing regimens. The mean
half-lives of dabigatran, rivaroxaban, edoxaban, and apixaban in hours(h) are 15.5 hours, 9 hours, 10 hours,
and 12 hours, respectively. All four available DOACs are at least partially eliminated via the kidney, with
Dabigatran having the most considerable extent of renal elimination (80%), less for edoxaban (50%),
rivaroxaban (33%), and apixaban (22%), respectively [46]. These drugs are eliminated mainly by both hepatic
metabolism and renal clearance. Apixaban is unique in that it has many elimination channels; it is
eliminated by the hepatic (75% feces) and renal (25% urine) routes, through the bile, and directly through
the intestines.

DOACs exhibit a linear pharmacodynamic profile with a known dose-response relationship. As a result, they
can be given at a fixed dose and not be adjusted. The DOACs do not require routine laboratory monitoring for
the same reason [41]. The clearance of DOACs from plasma is relatively quick once they are withdrawn,
especially in patients with normal renal function.

Comparison with the efficacy of warfarin
The mainstay of treatment for APS is the use of long-term anticoagulants with VKAs. Warfarin is the
standard treatment used for the management of thrombotic APS [47,48]. In patients with APS presenting
with the first venous thromboembolism (VTE) event, the recommended anticoagulation is at INR of 2.5
(range 2.0-3.0) [49,50].

Although warfarin is the standard treatment for thrombotic APS, the management of APS is quite
challenging. One of the several drawbacks includes the slow onset of action of warfarin [49]. It is also
difficult to monitor patients due to several drug and alcohol interactions, narrow therapeutic windows, and
constant monitoring of the INR to maintain the treatment level between 2.0 and 3.0 [51]. Warfarin reduces
the Vitamin K-dependent coagulation factors (factors II, VII, IX, and X) and effectively affects all the phases
of thrombin generation [51].

Warfarin also affects the clotting time, thus affecting the INR [52]. Due to the different responsiveness of the
thromboplastin reagents to LA and the prolonged clotting time when treated with warfarin, the monitoring
of INR for the APS patients further complicates. This may become an obstacle to diagnosing APS and
monitoring the aPL status of the already present diagnosis when the patient is on warfarin [53].

The limitations and drawbacks of warfarin have driven the need for searching for new anticoagulant agents.
The novel non-VKA anticoagulants or DOACs are considered as alternative options to VKA. DOACs may have
a few advantages over the VKAs due to fixed doses, lower occurrence of bleeding incidents, rapid onset of
action, lack of dietary restrictions, and interactions with drugs and alcohol, thereby improving the patient's
quality of life [54,55].

It has been established that both warfarin and rivaroxaban are effective in patients with VTE who receive
standard intensity treatment [56,57]. A lower rate of intracranial and fatal bleeding was also recorded in
patients administered with rivaroxaban than those administered with warfarin [58]. DOAC administration is
safer as the bleeding rate of 3.6% per year, whereas the bleeding rate for warfarin is up to 10% per year [59].

Results From RCTs Comparing the Efficacy of Rivaroxaban Versus Warfarin

The TRAPS (Trial of Rivaroxaban in Antiphospholipid Syndrome) study was conducted to compare the
efficacy of rivaroxaban and warfarin. This trial was stopped early due to the increased thrombotic events
that occurred in the rivaroxaban group. High thrombotic risk is seen in patients with triple-positive aPLs
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[60]. Four of 11 patients with recurrent thrombosis in the rivaroxaban group had a history of arterial
thrombosis events.

In the study by Cohen et al. (rivaroxaban in antiphospholipid syndrome - RAPS trial), it is seen that there is a
significant increase in endogenous thrombin potential (ETP) and time to peak thrombin generation in most
patients following the change from warfarin to rivaroxaban [61]. The RAPS study included the patients with
isolated venous thrombosis and showed no major bleeding or thrombosis event after 210 days of
rivaroxaban and warfarin.

Two other RCTs showed an increase in thrombotic events when APS patients were changed from warfarin to
rivaroxaban [60,62]. Results from a meta-analysis point out that there is a threefold chance of thrombosis in
patients using DOACs who have a history of arterial thrombosis [63].

Based on the RCTs of the European League Against Rheumatism (EULAR), the British Society of
Haematology (BSH) has stated indications and guidelines for the management of APS using DOACs [64].
Although guidelines suggest against the use of DOACs in patients with arterial thrombotic events and APS
patients with triple positivity, DOACs may be considered for use in cases of venous APS patients and non-
triple-positive APS patients [65]. In case of a recurrent thrombotic event, American Society of Hematology
(ASH) guidelines have suggested the use of LMWH over the DOACs [66].

The increased thrombotic events in rivaroxaban may be due to the absence of a specified treatment regimen
for rivaroxaban in APS patients. Rivaroxaban undergoes peak-to-trough fluctuations during the treatment
while the treatment effect of warfarin is constant [67]. Evidence shows that BID dosing of Apixaban and
Dabigatran is associated with lower trough concentrations [68]. These drugs give rise to a more stable
anticoagulation level in the blood, thereby reducing the risk of thrombotic events [69].

Although there are some contraindications regarding the use of DOACs in triple-positive APS, it may be
considered in patients intolerant to VKAs. The ongoing trials for DOACs: ASTRO-APS (Apixaban for
Secondary Prevention of Thromboembolism Among Patients With AntiphosPholipid Syndrome) and RISAPS
(RIvaroxaban for Stroke Patients With AntiPhospholipid Syndrome). In the ASTRO-APS study, patients with
a history of arterial thrombosis were excluded from increased arterial thrombotic events due to DOACs
treatment [63]. These studies may pave the way for the use of DOACs based on the clinical phenotype of APS.

An overview of trials comparing DOACs and VKAs across a range of parameters is shown in Table 1.
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Study

and

reference

Type

of

study

Sample size

(DOAC/VKA)
DOAC VKA

Treatment/follow-

up time
Primary endpoint

Thrombosis

(DOAC v/s

VKA)

Study outcomes

RAPS trial

(Cohen et

al.) [61]

RCT 116 (57/59) Rivaroxaban/20 mg OD Warfarin/2.5 210 days Changes in ETP 0% vs 0%

ETP is higher in the Rivaroxaban

Group. Rivaroxaban does not reach the

non-inferiority threshold in APS.

Goldhaber

et al. [70]
RCT 151 (71/80) Dabigatran/150 mg BID Warfarin/2.5 Up to 36 months

VTE/VTE-related

deaths

4.2% vs

5.0%

The efficacy of Dabigatran is not

affected by APS or Thrombophilia.

Ordi-Ros

et al. [62]
RCT 190 (95/95)

Rivaroxaban/20 mg OD Or

15 mg OD if creatinine

clearance is 30-50 mL/min

Warfarin/2.5

(2.0-3.0)
36 months Thrombosis

11.6% vs

6.3%

Recurrent thrombosis is 11% in

rivaroxaban group and 6.3% in VKA

group. Rivaroxaban does not show non-

inferiority to VKAs in thrombotic APS.

TRAPS

(Pengo et

al.) [60]

RCT 120 (59/61)

Rivaroxaban/20 mg OD Or

15 mg OD if creatinine

clearance is 30-50 mL/ min

Warfarin/2.5 611 days

Incidence of

thromboembolic

events, major

bleeding, vascular

deaths

12% vs 0%

The study was stopped due to

increased events in the Rivaroxaban

group.

ASTRO-

APS

(Woller et

al.) [71]

RCT 30

Apixaban/2.5 mg BID (in

2015), 5 mg BID (since

2016)

Warfarin/2.5

Ongoing trial

Follow up: 13

months

Arterial or venous

thrombosis
NA

Active trial. The protocol was changed

twice to 5 mg BID instead of 2.5 mg BID

exclusion of patients with prior arterial

thrombosis.

TABLE 1: Results from the clinical studies on the use of direct oral anticoagulants for
antiphospholipid antibody syndrome
APS: antiphospholipid syndrome, ASTRO-APS: apixaban for secondary prevention of thromboembolism among patients with antiphospholipid syndrome,
BID: twice daily, ETP: endogenous thrombin potential, OD: once daily, RCT: randomized controlled trial, RAPS: rivaroxaban in antiphospholipid syndrome,
TRAPS: trial of rivaroxaban in antiphospholipid syndrome, VKA: vitamin K antagonist, VTE: venous thromboembolism

Current treatment protocol for antiphospholipid syndrome
Acute Thrombotic APS

Patients who develop the first episode of acute venous thrombosis are treated with unfractionated heparin
or LMWH, which is then changed to a VKA, commonly warfarin, and is continued life-long. They should be
frequently followed up to obtain a target INR of 2.0-3.0. Patients who have developed arterial thrombosis
should ideally be given aspirin and VKA and followed up to achieve a target INR of 2.0-3.0. If a high-risk
patient develops thrombosis, management should include anticoagulation with high-intensity VKA and a
target INR of 3.0-4.0 [72]. In a subset of patients found to be triple-aPL positive, DOACs are not
recommended for use as thromboprophylaxis in APS [73].

Recurrent Arterial and Venous Thrombosis in APS

In treating thrombosis refractory to initial anticoagulation, the first treatment measure is to ensure that the
patient has achieved a target INR and a therapeutic factor X level [74]. To prevent the development of
recurrent thrombosis, the patient's INR should be 2.5-3.0, and they must be supplemented with low-dose
aspirin if the patient has cardiovascular risk factors [75]. In addition, for patients diagnosed with recurrent
thromboses and who are currently on optimal warfarin therapy, a higher INR target of 3.0-4.0 should be
targeted with or without low-dose aspirin, hydroxychloroquine, or low-dose aspirin, hydroxychloroquine a
statin [76]. In patients who have INR >3 but still develop recurrent thrombosis, LMWH should be used
instead of VKA [77].

Obstetric APS

The usual treatment would be a combination of heparin that can either be unfractionated heparin or LMWH
given in prophylactic or intermediate doses with a combination of low dose aspirin, 75-100 mg daily [78].
Two more studies also support this and mention that the heparin administration should be continued 6-12
weeks in the postpartum period [79,80]. Warfarin has teratogenic effects, and women who were previously
on VKA must be switched to LMWH ideally before or after the pregnancy is detected [72]. A combination of
aspirin and therapeutic dose LMWH should be given to women diagnosed with APS and to those with prior
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episodes of arterial or venous thrombosis. In addition, a recent study by Empson et al. demonstrated
evidence that aspirin alone does not improve pregnancy outcomes in APS [81].

Asymptomatic APS

Not many studies suggest the use of anticoagulation or antiplatelet therapy for primary thromboprophylaxis
for asymptomatic aPL in patients regardless of SLE status [82]. Therefore, there is no role of aspirin as
thromboprophylaxis in asymptomatic APS patients as the annual risk of developing acute thrombosis is low
[83]. Aspirin is only recommended as primary thromboprophylaxis in patients with cardiovascular risk
factors, as suggested by the 13th Congress on Antiphospholipid Antibodies [74]. Furthermore, patients with
asymptomatic APS are started on LMWH or aspirin only in high-risk periods such as surgery and
hospitalization [21]. Reversible risk factors such as obesity, smoking, and combined oral contraceptives
should be minimized.

Catastrophic APS

CAPS is a rare variant of APS. CAPS involves the development of thrombosis in multiple organs and a storm
of cytokines developing acutely, which is confirmed with evidence of multiple thromboses on a
histopathological report and titer evidence of increased aPL antibodies. Treatment for CAPS includes
therapeutic anticoagulation and additional therapies such as plasmapheresis, intravenous immunoglobulin
(IVIG), and/or immunomodulatory agents to suppress the cytokine storm. If the patient develops life-
threatening complications, treatment involves anticoagulation with intravenous heparin, high dose
corticosteroids, and IVIG or plasmapheresis. However, if the patient is not in a life-threatening condition,
treatment is with intravenous heparin and high-dose corticosteroids [84].

Other Therapeutic Modalities

Hydroxychloroquine (HCQ) is usually the prescribed treatment for patients with SLE. It is used primarily to
reduce inflammation and modulate the immune system. It also reduces the risk of arterial and venous
thrombosis in patients with SLE, with and without APS, as reported in a study by Petri [85]. In addition,
patients with APS have aPL antibodies, which will activate platelets exposed to low-doses of adenosine
diphosphate (ADP) or thrombin. Therefore, a study by Espinola et al. has concluded that HCQ will inhibit the
expression of GPIIb/IIIa by platelets when exposed to a thrombin receptor agonist or aPL antibodies [86].

Statins have been shown to reduce levels of tissue factor (TF) induced by tumor necrosis factor (TNF-alpha)
and lipopolysaccharide (LPS) on endothelial cells (ECs). A study by Meroni et al. concludes that rosuvastatin
can reduce episodes of venous thrombosis in healthy individuals without high cholesterol. It also can inhibit
anti-β2GPI antibodies and up-regulation of TF expression on ECs [87]. Another study by Ferrara et al.
concluded that Fluvastatin inhibits up-regulation of TF expression by aPL antibodies on ECs [88].

Monoclonal antibodies are another therapeutic modality to be considered. Rituximab can be used to manage
thrombocytopenia, hemolytic anemia, and skin ulcers associated with APS, but it does not alter the risk of
developing thrombosis [89]. Another study by Kahn et al. concluded that inhibition of B cell-activating factor
(BAFF) prevented the onset of APS and prolonged survival in autoimmune mice [90].

In conclusion, APS is an autoimmune disorder characterized by an increased tendency of developing arterial
and venous thrombosis that can lead to multiple complications such as stroke, deep vein thrombosis,
pulmonary embolism, and recurrent miscarriage. The goal of treatment is to prevent thrombosis, and we
conclude that anticoagulation with LMWH bridged to VKA is the most crucial step in management.
Management in specific high-risk groups can be supplemented with aspirin. HCQ, statins, and monoclonal
antibodies are treatment modalities that can be explored in patients with refractory arterial and venous
thrombosis.

Risks and complications of direct oral anticoagulants
Hemorrhagic Complications

An important complication with any anticoagulant is bleeding. The overall risk of bleeding complications
with DOACs at the therapeutic dose is the same as that of VKAs, and the rates of intracranial hemorrhage are
lower in the atrial fibrillation (AF) studies. The risk of gastrointestinal bleeding and potential drug
interaction should be considered in a patient with APS who is on an antiplatelet and anticoagulation. Also,
the risk should be paid attention to in people with SLE and autoimmune diseases where other medications
could be considered including non-steroidal anti-inflammatory drugs (NSAIDs) and steroids [2]. Since APS is
more common in women (the female to male ratio is around 5:1) [59], the incidence of vaginal bleeding
should be considered. It is the most common complication seen in women on oral anticoagulation [91],
witnessed especially more with FXa inhibitors than VKAs [92].

A meta-analysis study was conducted to compare the relative odds of fatal bleeding in patients on DOAC
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versus VKA therapy, where it reported 4056 major first-time bleeding events [93]. The calculated odds ratio
for a fatal bleed in case of a significant bleeding event favored the DOACs, which was 0.65 (95% CI: 0.52,
0.81).

In a study conducted by Nagarakanti et al., the incidence of a major bleed with rivaroxaban and VKAs was
similar (3.6% vs. 3.45%) [94]; and as per Romualdi et al., in the Einstein-extension study, the incidence was
lesser (0.8% vs. 1.2%) [95]. But the risk of mucosal bleeding (GI bleed, genitourinary bleed, epistaxis) and
anemia was higher in long-term use of rivaroxaban than VKAs [93]. No major bleeding event in women was
observed except worsening menorrhagia in two women [96].

In the case of Dabigatran's safety profile, the RE-COVER and RE-COVER II trials compare its incidence of
bleeding with that of VKAs, where it reported that incidence of any bleeding event is significantly lower
with dabigatran [hazard ratio (HR) 0.70; 95% CI: 0.61, 0.79], as well as the incidence of major bleeding events
and clinically relevant non-major bleeds (HR 0.62; 95% CI: 0.50, 0.76). Dabigatran was shown to be as
effective as warfarin for the acute treatment of VTE [97].

The management of bleeding is the same for whether it is caused by DOACs or VKAs [98-100]. We have to
note the time since the last dose of DOACs and the use of any other medications that can increase the risk of
bleeding, for example, antiplatelet agents and NSAIDs, or any drugs which interfere with its metabolism.
Hemodialysis plays an important role in reversing the anticoagulation effect of dabigatran because of its low
protein binding capacity [101,102]. On the contrary, dialysis is not useful in reversing the effects of
rivaroxaban and apixaban because of high protein binding capacity (both of them with 85%). Oral activated
charcoal has been shown to reduce the absorption of dabigatran within three hours in an in-vitro study [98].
At present, the mainstay of treatment for bleeding due to DOACs is supportive measures, which include
withdrawing the drug, mechanical compression, and surgical hemostasis and transfusion support. These
agents disappear from circulation rapidly due to their short half-lives, unlike VKAs [98-100].

Currently, there are no specific antidotes in the market for the DOACs, so general hemostatic agents should
be used to reverse the anticoagulation. These include prothrombin complex concentrate (PCC), activated
prothrombin complex concentrate (aPCC), and recombinant factor VII activated (rFVIIa). Several studies in
healthy individuals have shown that PCCs can reverse the effects of apixaban and rivaroxaban and not
dabigatran [98-105]. aPCC seems promising for reversal of DOACs, especially in the case of dabigatran, but
aPCC has an increased risk of thromboembolism. A monoclonal antibody fragment (idarucizumab, aDabiI-
Fab) is tested to determine whether it can reverse the effect of dabigatran. An initial analysis from the RE-
VERSE AD trial showed that idarucizumab completely reverses the anticoagulant effect of dabigatran [106].
Early results in healthy individuals show that adexanet was effective in reversing the effects of apixaban and
rivaroxaban. Adexanet is a recombinant FXa variant with modifications that make it inactive, thus
maintaining a high-affinity binding directed at FXa inhibitors [107,108]. Another study underway in humans
involves the molecule PER977, which binds to oral thrombin and FXa inhibitors in a non-covalent way; this
helps by preventing the anticoagulant effect of the drugs [107].

Renal and Hepatic Impairment

DOACs should be adjusted in case of renal impairment or to be safe to avoid using them. The kidneys excrete
most DOACs, and any impaired kidney function can alter their levels in the blood. In the case of dabigatran,
special attention should be given while prescribing since 80% of it is excreted via kidneys [106].

Patients with mild renal impairment can be prescribed rivaroxaban without any dose adjustment. In
contrast, in those with moderate renal impairment, the dose should be reduced from 20 mg to 15 mg OD
since the risk of bleeding outweighs the risk of recurrent thrombosis; and in case of severe renal
impairment, a study was conducted to analyze the safety profile and pharmacological properties of
apixaban, and no dose adjustment was required based on renal function [109].

Hepatic impairment affects the use of DOACs for two reasons: hepatic metabolism of the direct FXa
inhibitors gets affected, and, second, because moderate to severely impaired liver function can affect
coagulation. Rivaroxaban and apixaban are contraindicated for use in patients with clinically relevant
bleeding risk, including cirrhotic patients classified as Child-Pugh B and C and anyone with severe
coagulopathy. Apixaban could be considered for use in mild or moderate impaired liver function, but with
caution. Dabigatran is contraindicated in patients with elevated liver enzymes and those with severe liver
disease [110].

Pregnancy and Breastfeeding

DOACs should be avoided in pregnancy and breastfeeding, and therefore, special care should be given when
prescribing anticoagulation to women of the childbearing age group [103]. Bleeding complications along
with reproductive toxicity have been noticed in animal models receiving rivaroxaban, dabigatran, and
apixaban [111]. Since there are no data available on the use of DOACs in pregnancy, these should be avoided
in this setting.

2021 Arora et al. Cureus 13(10): e19009. DOI 10.7759/cureus.19009 9 of 14



Conclusions
Due to the “normalization” of DOAC usage for prevalent coagulation diseases, DOAC use in uncommon
clotting disorders like APS is being considered widely of late. Anticoagulation is utilized as a secondary
thromboembolism prevention strategy in APS. There has been an increase in the use of DOACs in APLS in
recent years, despite the lack of large-scale research proving their safety or effectiveness in this disease.
This is due in large part to the rarity of APS patients compared to other anticoagulation-related diseases,
such as non-valvular AF. However, despite its risks, the benefits of DOACs include decreased frequency of
bleeding events, quick action, lack of dietary restrictions, and lesser interactions with medications and
alcohol. DOACs also require lesser monitoring as compared to VKAs like warfarin, therefore enhancing the
patient's quality of life. Rivaroxaban has the potential to be an effective and convenient alternative to
warfarin in thrombotic APS patients with a single venous thromboembolism event requiring standard-
intensity anticoagulation, according to the RAPS RCT, which used a laboratory surrogate primary outcome
measure. We recommend further trials including RCTs in the usage of DOACs as primary
thromboprophylactic agents in APS, as this could be a potential replacement for warfarin and would reduce
the burden on the primary care providers for frequent INR monitoring.
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