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Abstract Antiphospholipid syndrome is a condition with an
increased propensity for both arterial and venous thrombosis.
Compared with the normal population there is also a higher
rate of recurrence. Most evidence exists for the use of warfarin
in the secondary prevention of thromboembolism, aiming for
an international normalized ratio between 2.0 and 3.0. Care
must be taken with all anticoagulants because of the increased
risk of bleeding. Several other strategies are available if
warfarin fails, including the addition of aspirin, increasing the
warfarin target range, and use of heparin.
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Introduction

Antiphospholipid syndrome (APS) causes considerable
morbidity and mortality [1]. Many patients with APS are
treated with warfarin. This review briefly discusses the
indications for warfarin and the target range in which
warfarin is therapeutic in APS.

APS Definition

The most recent international consensus classification
(modified Sapporo) [2] defines APS as the presence of
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either vascular thrombosis (arterial, venous, or small vessel)
or adverse pregnancy outcome (one or more unexplained
deaths in a normal foetus beyond 10 weeks; one or more
premature births of morphologically normal neonates
before 34 weeks caused by eclampsia, severe preeclampsia,
or placental insufficiency; or three or more unexplained
deaths before 10 weeks gestation) with specific laboratory
outcomes (one of a positive lupus anticoagulant [LA]; a
medium-to-high titer of anticardiolipin antibodies [ACL;
IgM or IgG] or anti-B,-glycoprotein-1 [IgM or IgG in a
titer greater than the 99th percentile], all of which must be
persistent for more than 12 weeks).

APS and Thrombosis

The antibodies in APS were originally thought to cause
bleeding because of their ability to prolong clotting times
but now it is known that they cause thrombosis [3]. The
exact mechanism is unclear but it is thought to be caused by
a complex interaction between antibodies to anionic
phospholipids and the cell wall, platelets, and pro- and
anticoagulants. This leads to a procoagulant state [4].

Anticoagulation Therapy

Patients Without Thrombosis or Adverse Pregnancy
Outcomes

Antiphospholipid antibodies (aPL) may be present in
patients who have had neither thrombosis nor adverse
pregnancy outcomes. These antibodies are commonly
discovered during the investigation of a prolonged in vitro
clotting time—patients with asymptomatic aPL do not have
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the APS. Cross-sectional studies of blood donors have
demonstrated a high prevalence of both LA and ACL.
Depending on the assay used, as many as 8% of unselected
people will have a positive LA, 9.4% an IgM ACL, and 6.5%
an IgG ACL [5, 6]. In many cases, these antibodies are not
persistent and do not appear to predispose to thrombosis.

A large systematic review found that patients with aPL
without prior clinical events had an increased risk of
thrombosis [7]. Many of the studies included in this
systematic review were small case series and did not use
widely accepted laboratory criteria to establish the presence
of an aPL [2]. Overall, LA presence most significantly
increased thrombosis risk, with no increased risk seen with
IgM ACL alone but an increased risk with higher titer IgG
ACL. The Framingham Cohort also suggested an increased
risk of stroke in women with a positive ACL antibody [8].

In asymptomatic patients without prior thrombosis, no
studies have clearly demonstrated that primary prophylaxis
with warfarin or aspirin reduces the rate of subsequent
thrombosis. Given the low overall incidence of thrombotic
events in this group, it is likely that the side effects of
anticoagulant therapy would outweigh any benefits. Studies
have examined the benefit of aspirin; the only randomized
controlled trial (RCT) [9] performed to date provided no
evidence for efficacy compared with other nonrandomized
studies [10, 11].

Patients with Previous Adverse Pregnancy Outcomes
But No Thrombosis

One study suggested a high risk of first thrombosis in patients
who had suffered fetal loss (59% in 8 years) and a possible
benefit from aspirin (reduction to 10%) [12]. However,
another study demonstrated a low rate of thrombosis in the
postpartum period, arguably the highest-risk time for a
thrombosis. There are no randomized studies in this area [13].

In patients with persistent LA or IgG ACL antibodies
who have not had a prior thrombosis, good practice would
require informing them and their families of the symptoms
and signs of thrombosis and what to do if they appear. As
they are probably at higher risk than the general population,
consideration should be given to effective thromboprophy-
laxis during high risk periods (eg, postoperatively, during
periods of immobility).

Patients with Previous Thrombosis

After initial treatment of venous thromboembolism with
heparin and warfarin, patients with aPL have a higher rate of
recurrence after stopping warfarin compared with aPL-negative
patients; this finding has been reviewed systematically [14].
Compared with aPL-negative patients, the RR of recurrence
by 4 years is 2.1 (95% CI, 1.3-3.3) [15] for patients with

ACL antibodies and the HR for LA-positive patients is 6.8
(95% CI, 1.5-31). Based on these studies, the American
College of Chest Physicians (ACCP) recommends 12 months
of anticoagulation therapy (grade 1C+) but suggests indefinite
anticoagulation therapy for patients with prior venous
thrombosis and an aPL (grade 2C), although they neither
discussed how the antibody should be detected nor did they
discuss arterial thrombosis in APS [16¢]. In the Short-term
Oral Anticoagulation for a First Acute Secondary Thrombosis
(SOFAST) study, patients were randomly assigned to receive
either 1 or 3 months of anticoagulation if they had a
thrombosis associated with a transient risk factor (eg, those
occurring in the postoperative setting, during pregnancy, or
with the use of exogenous estrogens) [17]. On follow-up, the
presence of either ACL or LA did not predict recurrence;
therefore, they may not require prolonged anticoagulation.

The Antiphospholipid and Stroke Study (APASS) [18]
randomly allocated patients with nonembolic cryptogenic
stroke to either aspirin (325 mg) or warfarin (international
normalized ratio [INR], 1.4-2.8) and demonstrated no
difference in risk of recurrence. Patients enrolled in this
study did not meet the criteria for APS as there was only a
single measure of aPL presence. If these findings were
replicated in APS patients, aspirin would be recommended
over warfarin as it offers a lower bleeding risk and
increased ease for the patient.

In summary, patients who have had a venous thrombo-
embolism or an embolic arterial thrombosis should receive
warfarin, at least for 12 months but ideally for longer. The
decisions as to the actual duration depends on the bleeding
risk of the individual patient.

The Target INR

Early studies suggested that an increased INR reduced the rate
of recurrent thrombosis in patients with APS [1, 19]. These
studies were not randomized, had variable follow-up, and did
not use the modified Sapporo classification to ensure
uniformity of enrolled patients. As RCTs tend to be less
prone to bias than nonrandomized studies [20], two
independent RCTs were conducted to determine if an INR
in excess of 3.0 is necessary to prevent recurrent thrombosis
[21, 22]. Table 1 summarizes the results of these two studies.

The first published trial, Crowther et al. [21], was
conducted in 13 centers. Patients were enrolled if they had
had an arterial embolus or venous thromboembolism and
were either positive for LA or had moderate-to-high levels of
ACL IgG antibody (that were persistently positive), hence
fulfilling the modified Sapporo criteria. They were excluded
if their platelets were under 50x10%L, if they had a
contraindication to warfarin, a target INR greater than 3.0,
were pregnant, or had previous bleeding problems.
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Table 1 Two randomized controlled trials comparing different intensities of anticoagulation, describing patient demographics and important

outcomes

INR, 2.0-3.0 INR >3

Crowther et al. [21] Finazzi et al. [22] Crowther et al. [21] Finazzi et al. [22]
Patients, n 58 55 56 54
Men 17 (29%) 20 (36%) 29 (52%) 21 (39%)
Arterial thrombosis 13 (22%) 23 (42%) 14 (25%) 21 (39%)
Venous thrombosis 45 (78%) 38 (69%) 42 (75%) 37 (69%)
SLE 6 (10%) 9 (16%) 10 (18%) 5 (9%)
aCL positive 22 (38%) 10 (19%) 22 (39%) 9 (17%)
LA positive 25 (43%) 13 (25%) 24 (43%) 14 (27%)
LA and aCL positive 11 (19%) 29 (56%) 10 (18%) 29 (56%)
Outcomes
Recurrent thrombosis 2 (3%) 3 (6%) 6 (11%) 6 (11%)
Death 0 (0%) 2 (4%) 0 (0%) 3 (6%)
Major bleeds 4 (7%) 3 (6%) 3 (5%) 2 (4%)
Minor bleeds 7 (13%) 6 (11%) 11 (20%) 15 (28%)

aCL anticardiolipin, /NR international normalized ratio, LA lupus anticoagulant, SLE systemic lupus erythematosus

Upon written informed consent, patients were randomly
allocated (centrally with stratification to center and to type of
previous thrombosis, either arterial or venous) to receive
either moderate-intensity anticoagulation (INR, 2—3) or high-
intensity anticoagulation (INR, 3-4). Patients and local
investigators were blinded to the treatment decision and INRs
were performed centrally to maintain blinding. Clinicians
were discouraged from checking INRs that would break
blinding, unless the clinical situation demanded it.

Patients were followed-up initially every 3 months then
every 6 months for the duration of the trial. They were
encouraged to report new symptoms of either thrombosis or
bleeding. The primary efficacy outcome was episodes of
thrombosis, whereas the primary safety outcome was bleeding
events. Prespecified criteria for thrombosis and bleeding were
used by two independent blinded adjudicators.

Between February 1998 and May 2001, 325 patients
were screened and 114 enrolled. The trial had been
powered, assuming 15% thrombosis rate in the moderate-
intensity arm and 2.5% in the high-intensity arm. However,
a lower than expected thrombosis rate led the study to be
extended by the data monitoring committee. Mean follow-
up was 2.7 years and 2.6 years in the moderate- and high-
intensity groups, respectively.

Eight patients had recurrent thrombosis during the period
of the trial, two (3.4%) patients in the moderate-intensity
arm and six (10.7%) patients in the high-intensity arm. This
suggests no difference in terms of recurrent thrombosis
between the two regimens (HR, 3.1; 95% CI, 0.6-15; P=
0.15). Recurrences in the moderate-intensity arm happened
at an INR of 1.6 and 2.8 and in the high-intensity arm at
3.1, 1.0, 0.9, 1.9, 3.9, and when a patient had stopped
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warfarin. There was no difference in the rate of major
bleeding (4 [2.2%] vs 3 [3.6%]) or any bleeding (11 [19%]
vs 14 [25%]) in the moderate-intensity and high-intensity
arms, respectively. There were no deaths in either arm.

Finazzi et al. [22], published 2 years later, was a
multicenter trial with 26 centers in Europe. Patients were
sourced from a registry of APS patients (who fulfilled the
Sapporo criteria with a positive LA or moderate-to-high
titers of ACL antibody). Exclusion criteria were under
18 years; previous thrombosis on warfarin; bleeding
disorders; pregnancy; and life-expectancy less than 3 years.
Those who met the inclusion criteria and had been
diagnosed in the previous 5 years were randomly assigned
to standard care (moderate-intensity warfarin with an INR
of 2.0-3.0 or 100 mg of aspirin if the thrombotic event was
a nonembolic arterial event) or high-intensity anticoagula-
tion (INR, 3.0-4.5). There was central randomization but
patients and care providers were not blinded. Warfarin
management was determined by the individual clinics.

Patients were examined at 3, 6, and 12 months, then
yearly. They were encouraged to report bleeding and new
thrombosis. Primary outcomes were 1) vascular death and
new thrombosis and 2) major hemorrhage. Secondary
outcomes were total thrombotic events and cerebrovascu-
lar/cardiac events. Safety outcomes were major hemor-
rhage, minor hemorrhage, and adverse drug reactions.

Fifty-five and 54 patients were randomly assigned to the
moderate-intensity and high-intensity arms, respectively.
The study was stopped early because of poor recruitment
and a low number of events. This resulted in a median
follow-up of 3.6 years (range, 2.7-4.5 y) and a total of
369.7 patient years.
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As in Crowther et al. [21], this trial showed no
statistically significant difference in the rates of thrombosis,
three (5.5%) patients in the moderate-intensity arm com-
pared with six (11.1%) patients in the high-intensity arm
(HR, 0.7; 95% CI, 0.15-2.56; P=0.34). There was,
however, an increased incidence of minor hemorrhage (15
vs 6 episodes; HR, 2.92; 95% CI, 1.13-7.52; P=0.027) but
not major hemorrhage (2 vs 3 episodes; HR, 0.66; 95% CI,
0.11-3.96; P=0.65) in the high-intensity arm compared
with the moderate-intensity arm. Two deaths occurred in
those allocated to moderate-intensity warfarin, and three
deaths in those allocated to high-intensity warfarin.

Finazzi et al. [22] also combined their data with that of
Crowther et al. [21]. Their combined data suggested a trend
toward less thrombosis in the moderate-intensity arm
compared with the high-intensity arm (OR, 2.49; 95% CI,
0.93-6.67; P=0.07) with the advantage of less minor
bleeding (OR, 2.30; 95% CI, 1.16-4.58; P=0.02) but no
difference in major hemorrhage (OR, 0.73; 95% CI, 0.23—
2.31; P=0.59).

Limitations

The studies were not designed as equivalence studies and are
therefore underpowered. However, given the observation that
both studies favored moderate-intensity warfarin, it is very
unlikely that larger studies will find moderate-intensity
warfarin inferior to high-intensity warfarin. Although one trial
was well-blinded [21], the other was open-label [22], which
may have led to bias, although the similarity in results
suggest this bias was minimal. Because only a small number
of patients had arterial thrombosis, the evidence in these
patients was weaker. Excluding patients with a history of
thrombosis while receiving warfarin means that these con-
clusions only apply to patients with one previous thrombotic
event who had not previously failed warfarin. Because
patients were studied in a trial may lead to better INR control
as the patients were more closely monitored than in the “real
world.” However, because patients were encouraged to report
bleeding or thrombosis to investigators, this may mean the
reporting of normal, nonclinically significant events that are
recorded as significant. Both trials had extensive exclusion
criteria and, as such, the results of this study cannot be
extrapolated to those who were excluded.

In conclusion, current evidence suggests that for the
secondary prevention of venous thrombosis (and perhaps
arterial thrombosis), a target INR of between 2.0 and 3.0 is
as effective as an INR of greater than 3.0. This lower INR is
also likely to be safer with the reduction of hemorrhage
[23]. Such a reduction was not detected in the contributing
studies as a result of small sample sizes. The INR needs to
be tightly controlled as five of the eight thromboses

reported in Crowther et al. [21] occurred when the INR
was lower than 2.0.

Thrombosis on Warfarin

In Crowther et al. [21], one patient with an INR within the
target range of 2.0 to 3.0 suffered an objectively confirmed
thrombosis. When a patient is reported to have suffered
“warfarin failure,” the first task is to determine if the INR
was in the desired reference interval at the time of the clot.
In most cases, warfarin “failure” was in fact recurrent
thrombosis occurring while the INR was subtherapeutic
[21]. If the patient was subtherapeutic when the thrombosis
occurred, this does not require a change to the target INR
but improvement in the warfarin control.

It must be remembered that in some patients with an LA,
some prothrombin reagents are sensitive to the effects of
the LA, leading to a falsely prolonged prothrombin time
and INR. Ideally, lupus insensitive reagents should be used
to monitor the INR of patients with aPL. The impact of the
antibody on the reagents used for point-of-care devices
should also be considered. Before commencing warfarin, a
baseline INR should be determined, as prolongation at this
stage suggests that the reagents are lupus-sensitive. Several
methods of INR measurement may need to be tried before a
lupus-insensitive method is found. On changing reagents/
analyzers, it should be ensured that there is concordance
with the previous results. Prolongation caused by an LA
can be differentiated from prolongation caused by warfarin
by in vitro mixing tests. The addition of normal plasma
should correct the effect of warfarin but have little or no
effect on prolongation caused by an LA.

If the thrombosis recurred when the INR was in excess
of 2.0 then there are four options, none of which are
evidence based:

1) Increase the INR target range to 3.0 to 4.0. Although
this is recommended by the British Committee for
Standards in Haematology [24], based on the two RCTs
[21, 22], this may increase the hemorrhage risk without
an impact on thrombosis risk.

2) Add aspirin to warfarin. As discussed, aspirin may have a
role in both primary and secondary prophylaxis in APS.

3) Subcutaneous unfractionated heparin could be used,
but this has been superseded by low-molecular-weight
heparin.

4) Long-term low-molecular-weight heparin, a more in-
tense therapy, has been used successfully in patients
with malignancy-associated thrombosis [25] and in
pregnancy [26]. There are also reports of its use in APS
[27]. Side effects include heparin-induced thrombocy-
topenia, bleeding, allergy, and osteoporosis. Because of
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its renal excretion, it is relatively contraindicated in
patients with renal dysfunction.

New Anticoagulants

Several new antithrombotics have been recently licensed or
are undergoing clinical trials. These aim to be as effective
as the current antithrombotics and have lower side-effect
profiles or better ease of use. So far, there are no high-
quality studies of these drugs in patients with aPL.
However, several large ongoing studies examining the use
of these agents for the prevention and treatment of both
arterial and venous thrombosis will include patients with
aPL, from which subgroup analysis may be possible.

Conclusions

Current evidence suggests that warfarin should be used for
the secondary prophylaxis of venous thromboembolism and
arterial embolism in APS. The length of treatment should
ideally be lifelong but depend on the individual bleeding
risk. The optimum INR for most indications appears to be
between 2.0 and 3.0. Due to the risk of thrombosis when
the INR is subtherapeutic, care should be taken to ensure
maximum time in range. There is little evidence for the
most effective treatment if there is recurrent thrombosis
with an INR in excess of 2.0.
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