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Antiphospholipid Antibody Syndrome: Definition 

• A systemic autoimmune disorder characterized by recurrent venous/ arterial
micro/macro thrombosis and/or obstetric morbidity in the setting of persistent 
presence of at least one of the three following antiphospholipid antibodies (aPL):

Devreese KMJ, et al. ISTH Criteria for APS.  J Thromb Haemost 2018; 16: 809–13.

I. Lupus anticoagulant (LA) testing using a method that detects aPL interference in phospholipid-dependent 
functional clotting assays (e.g., aPTT or dilute Russell viper venom time).

II. An immunoassay (ELISA) for anti-β2 glycoprotein I (anti-β2GP I) antibodies (IgM or IgG).

III. An immunoassay (ELISA) for anticardiolipin (aCL) antibodies (IgM or IgG).

Results should be confirmed in ≥2 occasions, at least 12 weeks apart



Garcia DA, Erkan D. N Engl J Med 2018; 378:2010-2021
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DOAC for APS?

• More convenient

• Less challenges with monitoring and titration especially in APS

• However, the efficacy and safety of DOACs vs VKAs in this setting was unknown

Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 



Rivaroxaban: RAPS

• Short-term study of rivaroxaban (20mg/d) vs VKAs (INR: 2-3) in patients who 
had completed at least 3 months of anticoagulation with VKA: 54 assigned to 
rivaroxaban and 56 receiving VKAs included in the final analysis

• None of the enrollees had arterial thrombosis or recurrent thrombosis Hx

• At day 42, endogenous thrombin potential was higher in the rivaroxaban than 
in VKA group (mean 1086 nmol/L per min, 95% CI, 957-1233 vs 548, 484-621; 
P<0.001). No thrombotic events occurred.

Cohen H, et al. Lancet Haematol 2016; 3: e426–36.



Rivaroxaban: TRAPS
• Patients with triple-positive thrombotic APS randomized to 

rivaroxaban (20mg once daily) vs VKAs (INR 2.5)

• Terminated prematurely after enrolling 120 patients (59 
randomized to rivaroxaban and 61 to warfarin) due to concern for 
harm

• 4 ischemic strokes and 3 Mis in those assigned to rivaroxaban, 
none with VKAs

• 4 MBs with rivaroxaban, 2 with VKAs

Pengo V, et al. Blood. 2018; 132: 1365-1371.

• The composite primary outcome of thromboembolic events, major bleeding, and vascular death occurred in 
13 patients in the rivaroxaban group and in 2 patients in the VKA group (HR, 7.4; 95% CI, 1.7-32.9; P = 0.008)



Rivaroxaban: Ordi-ros et al

• 190 patients (95 per group) with thrombotic APS 
randomized to rivaroxaban (20mg/d) vs VKAs (INR: 2-3). 
Any form of confirmed APS.

• Non-inferiority not shown.

Ordi-Ros J, et al. Ann Intern Med. 2019; 171: 685-694.  



Apixaban
• Patients with thrombotic APS, treated for at least 6 

months, mostly from Intermountain Medical Center (UT), 
testing apixaban 2.5mg bid vs VKA (INR 2-3)

• A subsequent protocol amendment increased the dose of 
apixaban to 5mg bid

• Planned to enroll 200 patients. Ultimately, stopped after 
enrolling 48 patients (23 assigned to apixaban and 25 to 
warfarin).

• Arterial thrombosis in 6 patients assigned to apixaban 
(only 2 were triple positive) and none of patients assigned 
to VKAs

Woller SC, et al. Blood Adv. Epub Ahead of Print doi: 10.1182/bloodadvances.2021005808.



Continued uncertainty

• None of these studies were large enough to provide definitive evidence

• Uncertainties also existed in subgroups

• A team of investigators decided to conduct a comprehensive systematic review and meta-
analysis to generate addition insights



Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 



DOACs vs VKAs in thrombotic APS SRMA: Methods

• Study protocol developed in advance and registered in PROSPERO (CRD42022268035)

• Search of PubMed, Embase and Cochrane for RCTs through April 9, 2022

• Search of clinicaltrials.gov for identification of ongoing RCTs

• Major exclusions: Non-RCT studies, those with a crossover design, those focused on APS 
without thrombosis, and clinical trials of pediatric populations

Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 



DOACs vs VKAs in thrombotic APS SRMA: Methods

• If the data elements were not available in the published papers, the PIs of the original trials 
were contacted. Investigators from 3 trials (VP, SCW, and JCH) provided additional data.

• Main outcomes:   A. Composite of arterial thrombotic events  B. VTE
Several additional outcomes explored including any thrombotic event, MI, stroke, bleeding, 
mortality.

Risk of bias assessment: Cochrane criteria for individual studies, GRADE criteria for outcomes.

Several subgroup analyses pre-specified, including in women vs men, in those with vs without 
triple-positive APS, and others.

Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 



Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 



. *Patients with a history of recurrent thrombosis were assigned to an INR of 3.1 to 4 in the VKA arm. ✝In ASTRO-APS, after 25 
patients were randomized, all patients in the apixaban arm had their dose increased to 5 mg twice daily. 

Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 

*Patients with a history of recurrent thrombosis were assigned to an INR of 3.1 to 4 in the VKA arm

✝In ASTRO-APS, after 25 patients were randomized, all patients in the apixaban arm had their dose increased to 5 mg BID 



Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 

. §In the ASTRO-APS trial, 31% had historical APS in the apixaban 
group, and 34% had historical APS in the VKA group. 



Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 
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Khairani CD, et al. Bikdeli B. J Am Coll Cardiol. doi: 10.1016/j.jacc.2022.10.008. 



Arterial Thrombotic Events VTE Major Bleeding

Pre-specified subgroup analyses



Risk of Bias



GRADE Assessment per outcome



Why are DOACs less effective??

• Adherence is a bigger issue with DOACs (short half life)? 

• Unlikely to be the explanation. In the apixaban trial, adherence was 97%

• Blocking the coagulation cascade at multiple points (VKAs) more effective in these cases (similar 
to mechanical valves, and rheumatic AF)?

• Higher dose of DOACs needed? RISPAS (NCT03684564) is currently randomizing patients to 
rivaroxaban 15mg bid vs VKAs (INR 3-4)



Bottomline:
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• Thrombophilia can increase risk of venous or arterial thrombosis

• Presence of thrombophilia is only one of many elements that 
determine risk of thrombosis

• Need for thrombophilia testing to inform prevention or 
treatment decisions is controversial

Thrombophilia

J Thromb Thrombolysis. 2016;41:154-164



Thrombophilia Prevalence Relative (absolute annualized) 
risk of Initial VTE

Relative risk of recurrent 
VTE

FVL (heterozygous) 2 - 7% 3.48 - 5.51 (0.05 - 0.2%) 1.1 - 1.8

FVL (homozygous) 0.06 - 0.25% 6.79 - 19.29 (0.8%) 1.8

PGM (heterozygous) 1 – 2% 2.25 - 3.48 (0.13%) 0.7 - 2.3

PGM (homozygous) Rare 2.19 - 20.72 Uncertain

FVL & PGM (heterozygous) 0.1% 1.13 - 5.04 (0.42%) 2.7

Protein C deficiency 0.2 - 0.5% 10 (0.4 - 2.3%) 1.8

Protein S deficiency 0.1 - 0.7% 9.6 (0.7 - 3.2%) 1.0

Antithrombin deficiency 0.02% 10 – 30 (1.2 - 4.4%) 2.6

APS 2% 7 1.5 - 6.8

Prevalence and Risk of Thrombosis for Thrombophilia

J Thromb Thrombolysis. 2016;41:154-164

FVL: Factor V Leiden, PGM: Prothrombin gene mutation; APS: Antiphospholipid Syndrome



• Inherited: Genetic mutation affecting amount or function of a protein
• Loss of function mutations: Antithrombin, Protein C & S
• Gain of function mutations: Factor V Leiden, Prothrombin gene mutations

Common Types of Thrombophilia

Mild Thrombophilia Strong Thrombophilia

Heterozygous factor V Leiden (FVL) Homozygous FVL

Heterozygous factor II G20210A (Prothrombin 
Gene Mutation –PTGM)

Homozygous factor II G20210A

Antithrombin deficiency

Protein C deficiency

Protein S deficiency

Antiphospholipid syndrome (APS)

Combined heterozygous FVL and heterozygous factor II 
G20210A

J Thromb Thrombolysis. 2016;41:154-164



• Patients with family history of VTE

• Patients without family history of VTE that are:
• Young patients (<45 years)
• Recurrent unprovoked thrombosis despite antithrombotic therapy
• Thrombosis in multiple venous/unusual sites
• History of warfarin induced skin necrosis
• Arterial thrombosis
• APS suspected

Thrombophilia Testing: Patient Selection

Thromb Res. 2018;169:35-40
J Thromb Thrombolysis. 2016;41:154-164



Common Thrombophilia Tests



Bottom Line for Thrombophilia Testing



• Revised Sapporo Criteria

Diagnosis of APS

Clinical Criteria

AND

Laboratory Criteria*

Vascular Thrombosis
• Clinical episode of arterial, venous, or small 

vessel thrombosis

Lupus anticoagulant (LAC) present in plasma

Pregnancy Morbidity
• Unexplained death of a normal fetus at or 

beyond 10th week of gestation
• Premature births due to preeclampsia or 

placental insufficiency
• >/= 3 unexplained consecutive spontaneous 

abortions before the 10th week of gestation

IgG and/or IgM anticardiolipin antibody (aCL) in a 
medium (>40 GPL or MPL) or higher titer >99th

percentile

IgG and/or IgM anti-beta-2 Glycoprotein-1 antibody 
(anti-β2 GPI) in titer >99th percentile

*Laboratory testing needs to be performed 2 or more occasions at least 12 weeks apart

N Engl J Med. 2018; 378(21):2010-2021



Key concepts
Transient aPL positivity is common during infection or acute illness
Presence of a large thrombus may falsely normalize LAC testing, but 

not aCL or Anti-β2 GPI
Falsely positivity of LAC testing can occur in patients on 

anticoagulants

Diagnostic Interpretation 
Classification Thrombosis Risk Criteria to Meet

Triple Positive High Positive for all three laboratory criteria 

Double Positive Medium-High Positive for two out of three laboratory criteria

Single Positive Low Positive for only one laboratory criteria 

N Engl J Med. 2018; 378(21):2010-2021



Guideline Recommendation

ASH (2020)
• Patients with APLS are not optimal 

candidates for DOACs

ISTH (2020)
• VKA preferred for high-risk APS 

patients
• DOACs should not be used in APS 

patients with recurrent thrombosis 
while on VKA

• DOACs should not be used in patients 
who are non-adherent to VKA therapy

• In "non-high-risk" patients with SDM 
can consider DOAC therapy

Blood Adv. 2020;4(19):4693-4738
J Thromb Haemost. 2020;18(9):2126-2137



Guideline Recommendation 

ESVS (2021)
• Triple positive APS or history of 

arterial thrombosis, DOACs should not 
be used

• VKA with goal INR 2-3 should be 
considered

• Unprovoked DVT, testing for APS 
should be considered if a decision to 
stop anticoagulation is contemplated

Intl Congress on APL Antibodies 
Task Force (2020)

• VKA first line in APS patients with 
arterial and small vessel thrombosis

• DOAC should not be used in APS 
patients with recurrent thrombosis 
while on VKA therapy

Eur J Vasc Edovasc Surg. 2021;61:9e82
Lupus. 2020;29(12):1571-1593



Bottom Line for APS Management 
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