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Abstract

Background: Antiphospholipid syndrome (APS) confers a high risk of recurrent thrombosis, and secondary prevention has relied
on INR-titrated vitamin K antagonist (VKA) therapy, which implicitly absorbs body-weight variability through its monitored

endpoint.

Objective: To synthesize evidence on anticoagulation intensity, direct oral anticoagulant (DOAC) performance, and weight-based

versus fixed-dose strategies for long-term anticoagulation in APS.

Methods: Narrative review of randomized trials of warfarin intensity, randomized DOAC-versus-warfarin trials in thrombotic

APS, a patient-level meta-analysis of DOAC failures, and weight-based dosing evidence from other thrombotic indications.

Findings: Trials show no benefit of high-intensity over moderate-intensity warfarin in standard-risk APS, while fixed-dose
rivaroxaban produced an unacceptable excess of arterial thrombosis (12% versus 0%) in triple-positive patients in TRAPS,
replicated in an independent trial and a meta-analysis showing roughly sixfold higher recurrence odds with DOACs in

triple-positive disease.

Conclusions: Monitored, INR-titrated VKA therapy remains the safest strategy for triple-positive thrombotic APS, and

extrapolation from the thrombosis literature supports weight-conscious dosing at the extremes of body weight.
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1. Introduction

Antiphospholipid syndrome (APS) is defined by the
combination of vascular thrombosis or recurrent
pregnancy morbidity with persistently positive lupus
anticoagulant, anticardiolipin, or anti-beta2-glycoprotein
I antibodies, a construct formalized by the Sapporo
criteria and refined in the 2006 Sydney revision [1] and
again in the 2023 ACR/EULAR classification, which added
a weighted clinical and laboratory domain structure and
an explicit high-risk antibody profile [2]. Lupus
anticoagulant assays are vulnerable to interference from
the very anticoagulants used to treat the disease, which is
why the ISTH Scientific and Standardization Committee
has issued repeated technical guidance on testing patients
already on warfarin or a direct oral anticoagulant (DOAC)
[3]. Once the diagnosis is secure, the question that
dominates long-term management is deceptively narrow:
how intensely, and with what agent, should these patients
be anticoagulated to prevent recurrent thrombosis
without for a

trading one vascular -catastrophe

hemorrhagic one.

That question has a dosing dimension that is easy to
overlook because so much of the APS anticoagulation
literature is organized around drug class (vitamin K
antagonist versus DOAC) rather than dose-selection
whether
targeted to an INR of 2.0-3.0 or 3.0-4.0, is inherently

weight-agnostic in its endpoint: the dose is titrated to a

strategy. Standard warfarin management,

measured anticoagulant effect regardless of body size, and
heparin bridging during initiation is classically
weight-based by nomogram [4]. DOACs, by contrast, are
typically fixed-dose by label, with only coarse adjustment
for renal function or extremes of body weight, and ISTH
on DOAC wuse in that

pharmacokinetic data above roughly 120 kg or a body

guidance obesity flags
mass index above 40 kg/m are sparse [5]. APS patients
occupy an uncomfortable middle ground: many carry
prothrombotic and cardiovascular comorbidity that

correlates with higher body weight, yet the pivotal trials
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that would let a clinician choose a dosing philosophy were
designed to compare drug classes at fixed intensities, not
to compare weight-adjusted with fixed-intensity regimens
This the

anticoagulation-intensity, and

directly. review synthesizes
DOAC-failure,

weight-based dosing literature bearing on that gap, and
explains why the field has, in practice, settled on a
monitored, weight-informed vitamin K antagonist

strategy for the highest-risk APS phenotype.

2. Classification and thrombotic risk stratification
in APS

Risk within APS s the
anticoagulation-intensity question cannot be separated

not uniform, and
from how a patient is risk-stratified at diagnosis. Triple

positivity for lupus anticoagulant, anticardiolipin

antibodies, and anti-beta2-glycoprotein I antibodies
identifies the subgroup with the highest recurrence
hazard: in a prospective cohort of 160 patients with a first
thrombotic event followed for a mean of 6 years, the
cumulative incidence of a new thrombotic event was
44.2% in triple-positive patients compared with a much
lower rate in single- or double-positive patients, and the
hazard ratio for recurrence associated with triple positivity
exceeded 3 [6]. The Global Anti-Phospholipid Syndrome
Score (GAPSS), derived from four independent APS
cohorts, formalized this stratification into a points-based
tool incorporating antibody profile, hyperlipidemia,
hypertension, and antibody isotype, and higher GAPSS
values tracked with both first thrombotic events and
recurrence risk across derivation and validation cohorts
[7]. The practical consequence is that "APS" is not a single
anticoagulation-intensity problem: a single-positive,
low-titer patient with a provoked venous event and a
triple-positive patient with an unprovoked arterial stroke
are different management problems wearing the same
diagnostic label. The 14th International Congress on
Antiphospholipid Antibodies task force recommended
often  indefinite,

long-term, anticoagulation for

unprovoked thrombosis with persistent high-risk
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EULAR's 2019
recommendations echo indefinite vitamin K antagonist
therapy as the default for thrombotic APS with INR targets
set by risk category [9].

antibody  profiles (81, and

3. Standard-intensity vitamin K antagonist therapy
The intensity question for warfarin was addressed directly
by two randomized trials that remain the foundation of
current practice. Crowther and colleagues randomized
114 APS patients with prior venous thromboembolism to a
target INR of 2.0-3.0 versus 3.0-4.0 and found no
difference in recurrent thrombosis, with 3 recurrences
among 56 patients in the moderate-intensity arm versus 6
among 58 in the high-intensity arm over a mean follow-up
of about 2.7 years, while major bleeding occurred
numerically more often in the high-intensity group [10].
The Italian WAPS trial reached a concordant conclusion in
a population enriched for arterial as well as venous events:
109 patients were randomized to high-intensity warfarin
(INR 3.1-4.5) or conventional treatment (INR 2.0-3.0 with
or without low-dose aspirin), and the high-intensity
strategy showed no advantage in preventing recurrent
thrombosis, with comparable major bleeding between
arms [11]. These findings revised an earlier, smaller
retrospective signal from Khamashta and colleagues,
whose 1995 cohort of 147 patients had reported
recurrence far more frequent below an INR of 3.0, a result
that had driven high-intensity practice for nearly a decade
before the two randomized trials narrowed that inference
for standard-risk venous APS [12]. The evidence-based
consensus that emerged, reaffirmed in subsequent
guideline synthesis, is that moderate-intensity warfarin
(INR 2.0-3.0) suffices for a first venous event, while a target
of 3.0-4.0, or added low-dose aspirin, is reserved for
arterial thrombosis or recurrence on adequately dosed
(13].
foundational studies stratified therapy by body weight;
INR
pharmacokinetic variability, including weight, which is

moderate-intensity therapy None of these

titration by its nature absorbs interpatient

precisely the property that later made vitamin K

antagonists difficult to displace with fixed-dose

alternatives.

Table 1: Randomized trials of warfarin intensity in antiphospholipid

syndrome, showing no benefit of high-intensity targeting over
moderate-intensity INR control [10,11,12].

Trial N INR arms Recurrence / bleeding
compared finding
[10] 114 2.0-3.0 vs 3.0-4.0 3/56 vs 6/58 recurrence;
more bleeding at high
intensity
[11] 109 2.0-3.0 (+/- No recurrence benefit;
aspirin) vs 3.1-4.5 | similar major bleeding
[12] 147 <3.0vs >=3.0 Higher recurrence
(cohort) | (retrospective) below INR 3.0

4. Evidence against direct oral anticoagulants in
triple-positive APS

The appeal of a fixed-dose DOAC strategy in APS was
substantial: no INR monitoring, no dietary interaction,
and a pharmacokinetic profile that had performed
acceptably against warfarin in the general venous
thromboembolism population, including extended
secondary prevention with dabigatran in the RE-MEDY
trial [14]. That appeal collapsed specifically in the
highest-risk, triple-positive subgroup. The open-label
TRAPS trial randomized 120 triple-positive APS patients
with a history of thrombosis to rivaroxaban 20 mg daily or
dose-adjusted warfarin (INR 2.0-3.0, or 3.0-4.0 for prior
arterial events) and was stopped early for safety: 12% of
rivaroxaban-treated

patients experienced

thromboembolic  events, predominantly arterial,
compared with none in the warfarin arm, and major
bleeding occurred in 7% versus 3% [15]. Two-year
follow-up after the trial's closure confirmed durability of
that harm signal [16]. The RAPS trial, a mechanistic
non-inferiority study in 116 anticoagulated APS patients
switched to rivaroxaban versus continued warfarin, was
underpowered for clinical outcomes but showed a lower
endogenous thrombin potential ratio with warfarin, a
biomarker signal foreshadowing the TRAPS findings [17].
The Spanish open-label trial by Ordi-Ros and colleagues

randomized 190 thrombotic APS patients to rivaroxaban

o
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or warfarin and reported recurrent thrombosis in 11.6%
versus 6.3% over a mean of 3 years, again concentrated in
the triple-positive, arterial-event subgroup [18]. Apixaban
fared somewhat better in the smaller ASTRO-APS trial,
which randomized 48 patients to apixaban 5 mg twice
daily or warfarin and reported 3 thrombotic events with
apixaban versus none with warfarin, directionally
consistent with the rivaroxaban trials though not
statistically powered [19]. An international patient-level
meta-analysis pooling DOAC-treated APS cohorts found
an odds ratio for recurrent thrombosis of approximately 6
in triple-positive patients on a DOAC versus vitamin K
antagonist, with excess risk far smaller or absent in single-
or double-positive patients [20], and a 2023 meta-analysis
of randomized DOAC-versus-VKA trials pooling over 470
patients  confirmed significantly higher arterial
thrombosis risk with DOACs without a significant
[21]. ISTH's

recommends against

bleeding difference 2020 guidance
DOAC wuse in

triple-positive APS with prior arterial thrombosis, allowing

accordingly

individualized consideration in lower-risk,

single-antibody, venous-only phenotypes [22].

THROMBOEMBOLIC RECURRENCE BY TRIAL AND TREATMENT AR
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Figure 1: Thromboembolic recurrence rates by treatment arm across
randomized DOAC-versus-warfarin trials in thrombotic APS:
TRAPS reported 12% recurrence with rivaroxaban versus 0% with
warfarin among 120 triple-positive patients [15]; the Ordi-Ros trial
reported 11.6% with rivaroxaban versus 6.3% with warfarin among

190 patients [18]; ASTRO-APS reported 3 events with apixaban
versus 0 with warfarin among 48 patients [19]; the pooled
patient-level meta-analysis found an odds ratio near 6 for recurrence
on a DOAC versus warfarin specifically in triple-positive patients
[20].

5. Weight-based dosing rationale and evidence
from other thrombotic indications

3
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Figure 2: Proportion of 115 patients reaching a therapeutic activated
partial thromboplastin time within 24 hours under a weight-based

heparin nomogram (97%) versus a fixed-dose 'standard care’
nomogram (77 %), without an increase in major bleeding under the
weight-based protocol [4].

Because no APS-specific randomized trial has directly

compared weight-based against fixed-dose
anticoagulation, the rationale for a weight-informed
strategy is necessarily extrapolated from the broader
thrombosis literature, where the principle is well
established. The original weight-based unfractionated
heparin nomogram, validated by Raschke and colleagues
in 115 patients, produced a therapeutic activated partial
thromboplastin time within 24 hours in 97% of patients
compared with 77% under a fixed-dose "standard care"
nomogram, without an increase in major bleeding [4], a
finding that has anchored initial anticoagulation dosing
broadly, including bridging therapy at warfarin initiation
in APS. Warfarin loading itself interacts with patient size
and sensitivity: a randomized comparison of 5 mg versus
10 mg loading doses in 98 patients found the lower, more
conservative loading dose achieved a therapeutic INR with
fewer supratherapeutic excursions, reinforcing that fixed
initiation doses perform unevenly across a heterogeneous
population and that titration, not a flat starting dose,
[23]. The CHEST

antithrombotic therapy guideline frames vitamin K

ultimately controls exposure
antagonist dosing as an INR-titrated, and therefore
implicitly weight-adjusted, process, while flagging that
DOAC dosing in obese patients rests on limited
pharmacokinetic data from trials that enrolled few
patients above 120 kg [24]. ISTH guidance on DOAC use in

obesity is the most direct statement of the concern: trough
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DOAC concentrations trend lower with increasing body

weight, and the committee recommended against
standard-dose DOAC use above 120 kg or a body mass
index above 40 kg/m, favoring monitored vitamin K
antagonist therapy in that subgroup [5]. APS patients, who
frequently carry metabolic and cardiovascular
comorbidity correlating with higher body weight, sit
inside the population for which that caution was written,
even though no APS-specific DOAC trial reported
outcomes stratified by weight, leaving this an inference

rather than a directly demonstrated APS finding.

6. Bleeding risk and monitoring practicalities

A weight-informed, INR-titrated vitamin K antagonist
strategy carries its own costs, weighed against the
thrombotic recurrence signal that drives DOAC caution.
Major bleeding rates across the moderate- and
high-intensity warfarin trials in APS ran roughly 3-10%
depending on intensity and follow-up duration [10,11],
and the burden of INR monitoring, dietary vitamin K
interaction, and dose instability is a real quality-of-life
cost not captured by thrombosis and bleeding endpoints
alone. Garcia and Erkan's clinical review frames the
treatment decision as exactly this tradeoff: DOACs offer
simplicity at the price of unacceptable arterial thrombosis
risk in triple-positive patients, whereas vitamin K
antagonists offer proven efficacy at the price of
monitoring burden and a bleeding rate that rises with
[25].

antithrombotic strategies for secondary prevention in APS

intensity The Cochrane systematic review of
concluded that moderate-intensity warfarin remains the
best-supported option for standard-risk thrombotic APS,
that high-intensity warfarin or added antiplatelet therapy
is not strongly supported outside arterial or recurrent
disease, and that DOAC evidence was insufficient, and in
the triple-positive subgroup unfavorable, to recommend
routine substitution [26]. Arachchillage and Laffan's
review emphasizes that bleeding risk interacts with
thrombocytopenia, which affects a meaningful minority
of APS patients and complicates dosing decisions

[a)

©

independent of body weight [27]. Catastrophic APS, a rare
but rapidly fatal multi-organ thrombotic crisis, sits outside
routine dosing-strategy comparison and is managed with
combined anticoagulation, corticosteroids, and plasma
dedicated

caveat relevant to
DOAC-based

anticoagulant testing is itself unreliable, so a patient

exchange or immunosuppression under
[28].
weight-based

guidelines A practical

reasoning: lupus
switched to a DOAC for convenience may become

undiagnosable on repeat antibody testing, a

laboratory-interference problem unrelated to dose [3].

Table 2: Approximate major bleeding rates and monitoring burden

by anticoagulation strategy in thrombotic APS, synthesized from
randomized and cohort evidence [10,11,15,26].

Strategy Major Monitoring | Recurrence risk
bleeding |burden in triple-positive
APS
Moderate-intensity ~3-6% Frequent INR | Low with
warfarin (INR 2-3) checks adherence
High-intensity ~6-10% Frequent INR | Not lower than
warfarin (INR 3-4.5) checks moderate
intensity
Fixed-dose ~3-7% None Unacceptably
rivaroxaban high (12%) [15]

7. Conclusion
The anticoagulation-intensity and DOAC-failure literature
in APS is large and increasingly consistent, but it was not
designed to answer a weight-based-versus-fixed-dose
question directly, and this review has treated that
limitation as a finding rather than papering over it. What
the evidence does establish is that INR-titrated vitamin K
antagonist therapy, which absorbs weight and other
pharmacokinetic variability through its monitored
endpoint, remains the standard of care for triple-positive
thrombotic APS after two large trials showed rivaroxaban's
fixed-dose strategy produced a clinically unacceptable
excess of arterial events [15,18] and a patient-level
that

specifically in the highest-risk antibody profile [20]. The

meta-analysis confirmed excess concentrates

parallel evidence from weight-based heparin dosing [4],
warfarin loading-dose comparisons [23], and ISTH obesity
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guidance for DOACs [5]

weight-conscious approach even without an APS-specific

supports extrapolating a
randomized comparison, particularly at the upper
extreme of body weight where fixed-dose DOAC exposure
is least well characterized. For lower-risk, single- or
double-positive, venous-only APS, the incremental value
of weight-based reasoning is smaller, and standard
moderate-intensity, INR-titrated warfarin  without
additional adjustment remains adequate under current
guidelines [9,26]. Trials that explicitly stratify DOAC and
vitamin K antagonist outcomes by body weight, rather
than treating dosing strategy and drug class as
inseparable, would close a genuine gap in an otherwise

mature literature.
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