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Abstract

Objectives Lupus anticoagulans (LACs) and aPLs, both further summarized as aPL, are frequently
assessed in routine daily clinical practice in diagnostic workups for suspected autoimmune diseases or
to test for underlying risk factors in patients with thrombosis or obstetric complications. The aim of
this study was to determine the prevalence of aPL positivity in patients with an indication for aPL
testing in routine clinical practice.

Methods In this retrospective single-centre study, indication for aPL testing, aPL test results and
clinical data were collected for patients tested between June 2015 and April 2018.

Results During the study period, 16847 single aPL tests were performed in 2139 patients. In 212
patients one or more positive aPL test was found, confirmed in 43.9% with a second positive test.
Indications for aPL testing were diagnostic workup/follow-up of autoimmune diseases (33.6%), throm-
bosis (21.4%) and obstetric complications (28%). Seventy-four patients (3.5% of all patients) fulfilled
the criteria of APS, of whom 51% were newly diagnosed. Second positive aPL titres and titres of APS
patients were significantly higher compared with positive aPL titres at the first measurement (P < 0.05).
Patients with indications of arterial thrombosis and diagnostic workup/follow-up of autoimmune
diseases had significantly higher levels of aCL IgG and anti-$2 glycoprotein | (52GPI) IgG compared
with patients with other indications.

Conclusion The prevalence of one or more positive aPL test was 9.9% and APS was diagnosed in
3.5% of the patients. Patients with arterial thrombosis had significantly higher anti-p2GPI IgG and aCL
IgG, which should be confirmed in future studies.

Key words: aPL, antiphospholipid syndrome, blood coagulation disorders, obstetric complications,
thrombosis

Key messages

 Indications for aPL testing were diagnostic workup/follow-up of autoimmune diseases, thrombosis and obstetric
complications.

o The prevalence of a first positive aPL was 9.9%, confirmed in 43%; APS was diagnosed in 3.5%.

o Arterial thrombosis was associated with significantly high anti-f2GPI IgG and aCL IgG titres.
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Introduction

Lupus anticoagulants (LACs) and other aPLs are a family
of autoantibodies that can interact with phospholipids,
phospholipid-binding proteins or both [1]. LACs are
phospholipid-dependent inhibitors of the in vitro coagu-
lation and a result of aPL binding to plasma proteins,
mainly B2-glycoprotein, that have affinity for the nega-
tively charged phospholipids [1-3]. The most commonly
detected aPLs are aCL antibodies (IgG and IgM) and
anti-pB2-glycoprotein Ib (anti-B2GPIb) antibodies (IgG and
IgM) [1]. In this article, the term aPL includes LACs, aCL
antibodies and anti-B2GPI antibodies.

The presence of aPL is associated with an increased
risk of thrombosis (venous and arterial) and/or obstetric
complications [4]. aPL positivity can result in various
clinical presentations: asymptomatic ‘aPL carriers’, clas-
sic APS with recurrent thrombotic events, APS linked to
obstetric complications (obstetric APS) or aPL-positive
patients presenting with ‘non-criteria’ clinical manifesta-
tions (i.e. thrombocytopenia, haemolytic anaemia, livedo
reticularis, valvular heart disease, acute thrombotic
microangiopathy or cognitive dysfunction) [5-8]. APS is
a systemic autoimmune disease clinically characterized
by thrombotic and/or obstetric events that occur in a
small percentage of patients with persistent positive aPL
[4, 6, 7]. The diagnosis of APS is based on the revised
Sapporo criteria, in which persistent positive aPLs are
defined as positive aPL on two or more occasions at
least 12 weeks apart [4]. Thrombotic events are divided
into arterial and/or venous thrombosis. Pregnancy-
related morbidity is defined as foetal death beyond the
10th week of gestation, recurrent pregnancy loss before
week 10 of gestation and premature births before the
34th week of gestation due to severe pre-eclampsia
(PE) or placental insufficiency [4, 9].

Furthermore, APS can be found in subjects without an
underlying systemic autoimmune disease (primary APS) or
may be associated with other systemic autoimmune dis-
eases, especially SLE [10]. In addition, the prevalence of
aCL and anti-B2GPI antibodies has been observed to be
significantly higher in patients with Behcet’'s disease and
patients with systemic sclerosis compared with controls
[11, 12]. Therefore aPLs are routinely measured to assess
underlying risk factors for obstetric and/or thrombotic com-
plications or in the diagnostic workup for suspected autoim-
mune diseases [13]. However, data on the prevalence of
aPL positivity and characteristics of patients with positive
aPL are scarce, due to the heterogeneity of aPL-related
clinical manifestations and differences in laboratory testing
[14]. It is important to realize this heterogeneity since the
wide variation in aPL testing and incomplete testing may
lead to underrecognition of diagnoses such as APS.

The aim of this study is to analyse indications and
outcomes of aPL testing in routine clinical practice and
to determine the prevalence of aPL positivity in a large
cohort of patients. In addition, we aim to compare aPL-
positive patients with and without APS concerning their
clinical and aPL characteristics.

Methods
Patients

The Erasmus MC University Medical Center Rotterdam
is an academic hospital where ~1000 aPL tests are per-
formed annually in, on average, 770 patients per year, of
which ~240 tests are positive (Supplementary Table S1,
available at Rheumatology Advances in Practice online).
In this retrospective single-centre study, indication for
aPL testing was collected for all patients tested for aPL
between June 2015 and April 2018. Subsequently all
patients were selected who tested positive at least once
for one or more of the following aPLs: aCL IgG or IgM,
anti-p2GPI 1gG or IgM or LACs [assessed using dilute
Russell’s viper venom time (dRVVT) and a LA-sensitive
activated partial thromboplastin time (APTT-lupus)]. Data
concerning age, sex, characteristics of aPL tests, hae-
moglobin, platelet and leucocyte counts, anticoagulant
therapy, specialty of physicians who requested the aPL
test and clinical symptoms were collected retrospec-
tively from the patient files. A diagnosis of APS was
based on the revised Sapporo criteria for APS [4].
Persistent aPLs were defined as one or more positive
aPL test result, confirmed on a minimum of two occa-
sions with an interval of at least 12weeks within the
study period 2015-2018. Some first aPL tests were per-
formed in the acute phase after a thrombotic event.
However, second confirmation aPL tests were not.
Anticoagulation use was only noted when the anticoagu-
lant was used during both aPL measurements. Patients
who met the classification criteria for APS were com-
pared with the patients who did not meet the classifica-
tion criteria. This study was approved by the local
medical ethical committee (METC Erasmus Medical
Center; MEC-2019-0606).

Laboratory assays

LACs were detected using functional assays [3, 15]. For
LACs measurement, the dRVVT (screening reagent LA1
and LA2; Siemens, Munich Germany) and the APTT-lupus
with Actin FSL and Actin FS (Siemens) on the Sysmex
CS5100 (Sysmex, Singapore) were used. dRVVT reagent
contained heparin inhibitor. In patients on vitamin K antag-
onist (VKA), the anticoagulant intensity at the time of test-
ing for LACs was measured using the international
normalized ratio (INR). Diagnostic tests were mixed with
normal pooled plasma to correct for anticoagulant therapy
with VKA (INR 1.5-3). In addition, in case of heparin use,
LACs testing was performed after incubation of plasma
with heparinase. The plasma glycoprotein f2GPI in com-
plex with the anionic phospholipid cardiolipin is recognized
by aCL antibodies [16-18], whereas anti-p2GPI antibodies
recognize B2GPI with or without cardiolipin binding. In our
study, the antibodies were determined using the HemoSIL
AcuStar aCL 1gG and IgM and HemoSIL AcuStar anti-
B2GPI IgG and IgM assays on the ACL AcuStar (Werfen,
Barcelona, Spain). Cut-off values were determined based
on the 99th percentile according to the International
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Society on Thrombosis and Haemostasis Scientific and
Standardization Subcommittee guidelines [19, 20].

Statistical analysis

Continuous variables are summarized as mean (s.0.) and
range. Categorical variables are presented as total count
or percentage. Differences in aPL levels and clinical
characteristics between the patients with and without
APS were analysed using the non-parametric Mann-
Whitney test if not normally distributed or Student’s t-
test when normally distributed. Categorical variables
were analysed using the chi-squared test. P-values
<0.05 were considered significant. All analyses were
performed using SPSS version 25 (IBM, Armonk, NY,
USA).

Results

Indications and outcome of aPL testing in routine
clinical practice

Between June 2015 and April 2018, 16847 aPL tests
were performed in 2139 patients (Fig. 1). In 212 patients
(9.9%), one or more positive aPL test result was found.
From these patients, aPL positivity was confirmed in 93
patients on the second measurement occasion (43.9%).
Of the 93 patients with a confirmed positive aPL test re-
sult, 86 patients were positive for the same aPL and 7
had a different positive aPL.

The main indications for aPL testing were diagnostic
workup for suspected autoimmune diseases or follow-
up of autoimmune diseases [719 (33.6%); including
APS], thrombosis [456 (21.4%), of which 200 (9.4%) had
arterial and 256 (12.0%) had venous thrombosis] and
obstetric complications [600 (28.0%), of which 227
(10.6%) had recurrent pregnancy loss and 373 (17.4%)
were for screening or follow-up of PE or haemolysis—ele-
vated liver enzymes-low platelets (HELLP) syndrome]

Fic. 1 CONSORT diagram

Patients tested for aPL
N=2139

(Table 1). Patients with an indication of venous and ar-
terial thrombosis tested positive at the first aPL mea-
surement in 14.5% (37 patients) and 9.0% (18 patients),
respectively. aPL positivity was confirmed in 6.3% (16
patients) and 4.5% (9 patients), respectively. Patients
with an obstetric indication had a first positive aPL test
result in 5.9% (22 patients with an indication of PE/
HELLP) and 7.0% (16 patients with recurrent pregnancy
loss), which was confirmed in 2.7% (10 patients with an
indication of PE/HELLP) and 2.2% (5 patients with re-
current pregnancy loss), respectively. Of all the patients
with a diagnostic workup or follow-up of autoimmune
diseases as an indication for testing, 12.5% (90 patients)
and 5.4% (39 patients) tested positive at the first and
second aPL measurement, respectively (Table 1).

Characteristics of aPL-positive patients

The clinical and laboratory characteristics of the 212
patients with one or more positive aPL test result are
described in Table 2. The mean age of included
patients was 39.6years (s.0. 18.1) and 75.0% were fe-
male, which was similar for patients with and without a
confirmed positive aPL test (P=not significant). aPL
tests were mainly requested by immunologists/haema-
tologists and rheumatologists (68.4%), obstetricians
(17.5%) and neurologists (12.3%). Interestingly, 81.1%
of the patients with a positive aPL test at the first mea-
surement and 65.6% of the patients with confirmed aPL
positivity were newly diagnosed (Table 2). Of the 212
patients with a positive first aPL test, 72 patients
(33.9%) met the revised Sapporo criteria for APS [4] and
57 of the 93 patients (61.3%) with a positive second
aPL test met the criteria. The other patients with APS
did not have two positive tests with a >12 week interval
in the study period, but they were diagnosed with APS
before the study period according to the revised
Sapporo criteria for APS classification [4] and therefore
were also classified as APS patients.

Patients with a negative aPL test
N =1,927(90,1%)

Patients with first 21 positive aPL test
N=212(9.9%)

N = 93 (43.9%)

Patients with second =1 positive aPL test

Patients with second negative aPL test
N =119(56.1%)

aPL including LACs (APTT-lupus ratio and/or dRVVT ratio), aCL (IgG or IgM) and anti-2GPIb antibodies (IgG or IgM).
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TasLe 1 Indications for aPL testing

Total Negative First aPL Second APS
(N =2139) aPL positive aPL positive (n=74)

(n=1927) (n=212) (n=93)

Thrombosis, n (%)

Venous thrombosis 256 219(85.5) 37(14.5) 16 (6.3) 14 (18.9)
Arterial thrombosis 200 182(91.0) 18(9.0) 9(4.5) 10 (13.5)
Obstetric, n (%)

PE/HELLP, n (%) 373 351(94.1) 22(5.9) 10(2.7) 10(13.5)
Recurrent pregnancy loss, n (%) 227 211(93.0) 16(7.0) 5(2.2) 7(9.5)
Diagnostic workup/follow-up of autoimmune disease, n (%) 719 629 (87.5) 90 (12.5) 39 (5.4) 25 (33.8)
Other, n (%) 218 197 (90.4) 21 (9.6) 10 (4.6) 5(6.8)
Unknown, n (%) 140 133 (95.0) 7 (5.0) 3(2.1) 2(.7)
Combination, n (%) 6 5(83.3) 1(16.7) 1(16.7) 1(1.4)

aPL including LACs (APTT-lupus ratio and/or dRVVT ratio), aCL (IgG and IgM) and anti-$2GPIlb (IgG and IgM). APS
according to the Sapporo criteria [4].

TasLe 2 Demographic, clinical and laboratory characteristics of aPL-positive patients

Characteristics First positive aPL Second positive aPL APS (n =74)
(n=212) (n=93)
Age, years, mean (s.D.) 39.6 (18.1) 41.3(15.6) 40.0 (13.4)
Haemoglobin, mmol/I [g/dl], mean (s.p.) 7.8(1.2)[13(1.9)] 8.0(1.1) [13 (1.8)] 8.1 (1.0)[13 (1.6)]
Platelet count (x10%/1), mean (s.p.) 269.6 (119.8) 236.3 (88.4) 252.1 (86.4)
Leucocyte count (x10%1), mean (s.p.) 9.0 (6.3) 7.6 (4.6) 7.5(2.7)
Sex, n (%)
Male 53 (25.0) 18 (19.4) 14 (18.9)
Female 159 (75.0) 75 (80.6) 60 (81.1)
Speciality, n (%)
Obstetrics 37 (17.5) 19 (20.4) 19 (25.7)
Internal medicine 145 (68.4) 61 (65.6) 45 (60.8)
Neurology 26 (12.3) 12 (12.9) 10 (13.5)
Other 3(1.4) 0(0.0) 0(0.0)
Unknown 1(0.5) 1(1.1) 0(0.0)
Antibody, n (%)
No known antibodies 172 (81.1) 61 (65.6) 38 (51.4)
Antibodies known 39 (18.4) 31 (33.3) 36 (48.6)
Unknown 1(0.5) 1(1.1) 0(0.0)
aPL, n (%)
Single 55 (25.9) 24 (25.8) 19 (25.7)
Double 21 (9.9 15 (16.1) 12 (16.2)
Triple 19 (9.0) 11 (11.8) 16 (21.6)
Incomplete 117 (55.2) 43 (46.2) 27 (36.5)
Anticoagulant therapy, n (%)
PAI 18 (8.5) 10(10.8) 10 (13.5)
VKA 23(10.8) 16 (17.2) 16 (21.6)
Heparin 6 (2.8) 3(3.2) 34.1)
DOAC 6 (2.8) 1(1.1) 1(1.4)
Combination 5(2.4) 2(2.2) 2(2.7)
None 154 (72.6) 61 (65.6) 42 (56.8)

aPL including LACs (APTT-lupus ratio and/or dRVVT ratio), aCL (IgG and IgM) and anti-$2GPIb antibodies (IgG and IgM).
APS according to the Sapporo criteria [4]. PAI: platelet aggregation inhibitors; VKA: vitamin K antagonists; DOAC: direct
oral anticoagulants.

Approximately half of the APS patients (51.4%) were APS are shown in Table 2. Indications for aPL testing in
newly diagnosed with APS at the time of the laboratory patients with APS were venous thrombosis [14 (18.9%)],
evaluation of aPL. The characteristics of patients with arterial thrombosis [10 (13.5%)], PE/HELLP [10 (13.5%)],
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Fic. 2 Levels of positive aPL in aPL-positive patients and first positive aPL in APS patients
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Mean and s.E.m. levels of aPL of the first and second measurement in aPL-positive patients and first measurement in
APS patients. Patients with a second positive aPL test and patients with APS had significantly higher titres compared
with patients with a first positive aPL test. aPL including LACs (APTT-lupus ratio and/or dRVVT ratio), aCL antibodies
(IgG and IgM) and anti-f2GPIb antibodies (IgG and IgM). APS according to the Sapporo criteria [4].

recurrent pregnancy loss [7 (9.5%)], diagnostic workup/
follow-up of autoimmune diseases [25 (33.8%), which in-
cluded follow-up of APS], other [5 (6.8%)], unknown [2
(2.7%)] or a combination [1 (1.4%)] (Table 1). From the
patients with a positive first aPL test, 27.4% were using
anticoagulation therapy during testing, as were 43.2% of
the APS patients (Table 2).

aPL panel characteristics

The mean levels of positive first and second aPL tests
as well as positive first aPL levels of APS patients are
shown in Fig. 2A-F. Positive aPL levels of the second
measurement were significantly higher than positive first

https://academic.oup.com/rheumap

aPL levels (P < 0.05). In addition, patients with APS had
significantly higher positive first aPL levels compared
with aPL-positive patients without APS (P < 0.05). Levels
of the positive first aPL test results in all aPL-positive
patients are shown for the different indications for aPL
testing in Fig. 3A-F. The percentage of positive LACs
tests were comparable for the different indications.
Interestingly, patients with arterial thrombosis as an indi-
cation for aPL testing had significantly higher levels of
aCL IgG and anti-B2GPI IgG compared with patients
with other indications for aPL testing (Fig. 3D and F).
Moreover, patients with an indication diagnostic workup
or follow-up of autoimmune diseases also had signifi-
cantly higher levels of aCL IgG and anti-p2GPI IgG
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Fic. 3 Mean aPL levels and different indications for aPL testing
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Mean and s.e.m. levels of the positive first aPL test in all aPL-positive patients for the different indications of aPL test-
ing. Patients with arterial thrombosis and diagnostic workup/follow-up of suspected autoimmune diseases as an indi-
cation for testing had significantly higher levels of aCL IgG and anti-f2GPI IgG compared with patients with other
indications for aPL testing. Dashed lines are normal values. aPL including LACs (APTT-lupus ratio and/or dRVVT ra-
tio), aCL (IgG and IgM) and anti-2GPIb antibodies (IgG and IgM).
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TasLe 3 Indication and aPL positivity

Indication, n (%)

Single aPL (n = 55) Double aPL (n =21) Triple aPL (n =19)

Venous thrombosis 9(16.4) 3(14.3) 2(10.5)
Arterial thrombosis 4(7.3) 3(14.3) 3(15.8)
PE/HELLP 11 (20.0) 3(14.3) 0(0)
Recurrent pregnancy loss 8 (14.5) 0(0) 1(5.3
Diagnostic workup/follow-up of autoimmune disease 12 (21.8) 12 (57.1) 9 (47.4)
Other 8(14.5) 0(0) 3(15.8)
Combination 1(1.8) 0(0) 0(0)
Unknown 2(3.6) 0(0) 1(5.3)

aPL including LACs (APTT-lupus ratio and/or dRVVT ratio), aCL (IgG and IgM) and anti-$2GPIlb (IgG and IgM). PE: pre-

eclampsia; HELLP: haemolysis-elevated liver enzymes-low platelets.

compared with patients with other indications for testing
(P<0.05; Fig. 3D and F). Of all patients with one or
more positive aPL test result at the first measurement,
55.2% were not tested on the complete aPL panel (i.e.
no measurement of LACs with dRVVT and APPT-lupus
and/or aCL and/or anti-B2GPI). Of the patients tested on
the complete aPL panel at the first measurement,
57.9% were single positive, 22.1% double positive and
20.0% triple positive (Table 2). Data regarding the com-
plete aPL panel in the confirmation round were lacking
in 46.2% of patients. Of the patients who were tested
on the complete aPL panel at the second measurement,
48.0% were single positive, 30.0% double positive and
22.0% triple positive. Indications and aPL positivity are
shown in Table 3. Although the number was small, sin-
gle positivity was most often seen in patients with a
thrombotic or obstetric indication for testing, whereas
double and triple positivity were mostly seen in patients
tested because of diagnostic workup or follow-up of au-
toimmune disease.

Discussion

LACs and aPLs are frequently determined in routine
daily clinical practice. We showed in a large cohort of
patients who had a clinical indication for aPL testing, a
prevalence of aPL positivity of 9.9%, which was con-
firmed in 43.9% of the patients, and 3.5% of the
patients were diagnosed with APS. The most common
indications for aPL testing were thrombosis, obstetric
complications and diagnostic workup or follow-up of au-
toimmune diseases (83% of indications). In addition,
second positive aPL titres were significantly higher com-
pared with positive aPL titres at the first measurement.
The prevalence of aPL in healthy individuals ranges
from 1 to 5% and increases with age [7, 21]. In our well-
described cohort of patients with a clinical indication for
aPL testing, prevalence was more than two times higher
compared with healthy individuals. This could be partly
explained by the higher pretest probability of a positive
test result attributed to the clinical indication for aPL
testing. There is wide variation in aPL testing due to the
large number of available tests and the lack of a gold

https://academic.oup.com/rheumap

standard, which hampers the comparison of clinical
studies [3]. In our study, measurement of the complete
aPL panel (defined as LACs measured with either
dRVVT or APTT-lupus and measurement of aCL IgG/
IgM and anti-p2GPI IgG/IgM) at the first measurement
was available in 44.8% of the patients and in 53.8% of
the patients at the second aPL measurement. Although
our results are higher than the 11% in a systematic re-
view by Andreoli et al. [22], it still reinforces the problem
with aPL testing in routine clinical practice and the ne-
cessity for improvement. In our study, follow-up of auto-
immune diseases was the most common indication for
aPL testing and often only LACs are measured during
clinical follow-up instead of the complete aPL panel. In
addition, incomplete aPL testing could also be partly at-
tributed to high INR (n=4). Incomplete aPL testing
could possibly lead to underrecognition and underdiag-
nosis of APS. Moreover, the lack of complete data may
have led to an underestimation of the prevalence of
aPL. To improve aPL testing, the International Society
for Thrombosis and Hemostasis has proposed guidance
for aPL testing to standardize these tests [23].

Most published data on aPL-positive patients include
either patients with persistent positive aPL or patients
diagnosed with APS [14, 22], which represents 4.3% of
our study population. In our study, ~81% of all patients
tested positive on one or more aPL test at the first mea-
surement and 66% of patients with a confirmed positive
aPL were newly diagnosed with aPL positivity. We
showed that diagnostic workup/follow-up of an autoim-
mune disease was the major indication for aPL testing
in routine clinical practice. In addition, the frequency of
confirmed aPL positivity in patients with thrombosis and
obstetric complications as an indication for aPL screen-
ing was 5.5% and 2.5%, respectively. Moreover, posi-
tive aPL antibody levels of the second measurement
were significantly higher compared with positive first
aPL levels, which may indicate that patients with persis-
tent positive aPL have higher levels of aPL compared
with patients with only transient elevated aPL levels.

In our study, of the aPL-positive patients in whom a
complete aPL panel was performed at the first measure-
ment, 57.9% were single, 22.1% were double and 20.0%
were triple positive. Single positivity was mostly seen in
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patients with a thrombotic or obstetric indication for test-
ing, whereas double and triple positivity were most often
seen in the patients tested because of diagnostic workup
or follow-up of an autoimmune disease. Interestingly,
patients with arterial thrombosis as an indication for testing
and diagnostic workup/follow-up of an autoimmune dis-
ease had significantly higher levels of aCL IgG and anti-
B2GPI IgG compared with patients with other indications.
This is in line with a recent systematic review, which found
more significant correlations with thrombotic complications
for the 1gG isotype aPL than for the IgM isotype [24]. In
addition, a recently published multicentre study on the di-
agnostic and clinical value of anti-p2GPI and aCL IgM
antibodies found that IgM positivity was associated with
pregnancy morbidity, but was not independently associ-
ated with arterial or venous thrombosis [25]. We found
that only 2.7% and 2.2% of patients tested for aPL be-
cause of screening/follow-up of PE or HELLP syndrome or
recurrent pregnancy loss, respectively, had a confirmed
positive test for one or more aPL within the study period.
Several studies reported a higher frequency of confirmed
aPL positivity (median 10% in patients with recurrent preg-
nancy loss and 7% in patients with PE) [22]. However, the
number of included patients in these studies was low.

The estimated incidence and prevalence of APS de-
termined in a population-based study was 2.1 per
100000 population per year and 50 per 100 000 popula-
tion, respectively [26]. In our study 3.5% of the tested
patients were diagnosed with APS, of whom more than
half were newly diagnosed. The 5year cumulative inci-
dence of APS diagnosis in patients referred to the hos-
pital with a suspicion of APS (e.g. patients with either
thrombosis or obstetric complications and at least one
positive aPL) was 16.4%, of whom 51.4% fulfilled the
updated Sapporo classification criteria for APS [4, 27].
In addition, the prevalence of APS in a community-
based cohort of patients 18-50years of age with a first
unprovoked venous thromboembolism was 9.0% [28].
Several studies have shown various non-criteria mani-
festations of aPL positivity, e.g. thrombocytopenia, renal
microangiopathy, heart valve disease and livedo reticu-
laris, which could explain the lower prevalence of APS
found in our study [3, 6]. In addition, missing data on
aPL may also have led to an underestimation of the
prevalence of APS, since in some patients aPLs were
measured only once during the study period.

A limitation of our study is the retrospective study de-
sign. The previously described small number of complete
aPL panel tests may have led to an underestimation of
aPL prevalence. As the diagnosis of APS is defined by
two positive measurements with >12 weeks in between,
we may have missed the first measurement of the first in-
cluded patients and the second measurement of the last
included patients due to the fixed time period of our study.
In addition, to correct for the anticoagulant effects of VKA,
diagnostic tests were mixed with normal pooled plasma.
However, this method could result in both false-negative
and false-positive LA results [29, 30]. Similarly, LACs test-
ing during the acute phase after a thrombotic event should

be interpreted with caution because of possible false-
negative and false-positive LA results [19, 20, 31].
However, often not only LACs, but also testing of other
aPLs (aCL and anti-B2GPl) was performed, which are
unaffected by anticoagulation [29]. Also, confirmation aPL
tests were not performed during the acute phase after an
event.

Conclusion

In conclusion, we found a prevalence of one or more
positive aPL test of 9.9% and APS was diagnosed in
3.5% of the patients, of whom half were newly diag-
nosed. Patients with arterial thrombosis had significantly
higher anti-p2GPI 1gG and aCL IgG levels compared
with patients with other indications, which should be
confirmed in future studies. Further improvement and
awareness in aPL testing in routine clinical practice are
necessary.

Acknowledgements

The authors thank Debby Priem-Visser for providing
data on aPL tests. E.KK.,, FW.G.L., M.P.M.M. and
A.J.G.J. contributed to the study design, interpretation
of results and development of the manuscript.
V.A.S.H.D., M.J.E.R. and A.G.M.G.J.M. contributed to
the interpretation of results and manuscript writing. All
authors approved the final version of the manuscript.

Funding: No specific funding was received from any
bodies in the public, commercial or not-for-profit sectors
to carry out the work described in this article.

Disclosure statement: A.J.G.J. reports speaker’s fees
and travel cost payments from 3SBio, Amgen and
Novartis, international advisory board fees from Novartis
and research funding from CSL Behring. F.W.G.L.
received research support from CSL Behring and Shire/
Takeda for performing the Willebrand in the Netherlands
(WiN) study and is a consultant for uniQure, Novo
Nordisk and Shire/Takeda, of which the fees go to the
institution. He also received travel support from Sobi
and is a data and safety monitoring board member of a
study sponsored by Roche. The remaining authors have
declared no conflicts of interest.

Data availability statement

The data underlying this article will be shared on reason-
able request to the corresponding author.

Supplementary data

Supplementary data are available at Rheumatology
Advances in Practice online.

References

1 Levine JS, Branch DW, Rauch J. The antiphospholipid
syndrome. N Engl J Med 2002;346:752-63.

https://academic.oup.com/rheumap

1 Z0Z Jaquiada( G| UO Jesn weplanoy llisiaAlun snwseld Aq 200SHy9/S609eMd/g/S/eo1ie/dewnayl/woo dno-olwapeoe)/:sdiy Wwolj) papeojumoc]


https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkab093#supplementary-data

Indication and outcome of LACs and aPLs testing in routine clinical practice

2 Brandt JT, Barna LK, Triplett DA. Laboratory
identification of lupus anticoagulants: results of the
Second International Workshop for Identification of
Lupus Anticoagulants. On behalf of the Subcommittee
on Lupus Anticoagulants/Antiphospholipid Antibodies of
the ISTH. Thromb Haemost 1995;74:1597-603.

3 Limper M, de Leeuw K, Lely AT et al. Diagnosing and
treating antiphospholipid syndrome: a consensus paper.
Neth J Med 2019;77:98-108.

4 Miyakis S, Lockshin MD, Atsumi T et al. International
consensus statement on an update of the classification
criteria for definite antiphospholipid syndrome (APS). J
Thromb Haemost 2006;4:295-306.

5 Cervera R. Antiphospholipid syndrome. Thromb Res
2017;151(Suppl 1):S43-7.

6 Garcia D, Erkan D. Diagnosis and management of the
antiphospholipid syndrome. N Engl J Med 2018;378:
2010-21.

7 Negrini S, Pappalardo F, Murdaca G, Indiveri F, Puppo
F. The antiphospholipid syndrome: from pathophysiology
to treatment. Clin Exp Med 2017;17:257-67.

8 Reynaud Q, Lega JC, Mismetti P et al. Risk of venous
and arterial thrombosis according to type of
antiphospholipid antibodies in adults without systemic
lupus erythematosus: a systematic review and meta-
analysis. Autoimmun Rev 2014;13:595-608.

9 ESHRE Guideline Group on RPL, Bender Atik R,
Christiansen OB et al. ESHRE guideline: recurrent
pregnancy loss. Hum Reprod Open 2018;2018:hoy004.

10 Unlu O, Zuily S, Erkan D. The clinical significance of
antiphospholipid antibodies in systemic lupus
erythematosus. Eur J Rheumatol 2016;3:75-84.

11 Islam MA, Alam SS, Kundu S et al. Prevalence of
antiphospholipid antibodies in Behcet’s disease: a
systematic review and meta-analysis. PLoS One 2020;
15:e0227836.

12 Merashli M, Alves JD, Gentile F, Ames PRJ. Relevance
of antiphospholipid antibodies in multiple sclerosis: a
systematic review and meta analysis. Semin Arthritis
Rheum 2017;46:810-8.

13 Ordi-Ros J, Perez-Peman P, Monasterio J. Clinical and
therapeutic aspects associated to phospholipid binding
antibodies (lupus anticoagulant and anticardiolipin
antibodies). Haemostasis 1994;24:165-74.

14 Sevim E, Zisa D, Andrade D et al. Characteristics of
antiphospholipid antibody positive patients in
Antiphospholipid Syndrome Alliance for Clinical Trials
and InternatiOnal Networking. Arthritis Care Res
(Hoboken) 2020; doi: 10.1002/acr.24468.

15 Bevers EM, Galli M, Barbui T, Comfurius P, Zwaal RF.
Lupus anticoagulant IgG’s (LA) are not directed to
phospholipids only, but to a complex of lipid-bound
human prothrombin. Thromb Haemost 1991;66:
629-32.

16 Galli M, Comfurius P, Maassen C et al. Anticardiolipin
antibodies (ACA) directed not to cardiolipin but to a
plasma protein cofactor. Lancet 1990;335:1544-7.

17 Hunt JE, McNeil HP, Morgan GJ, Crameri RM, Krilis SA.
A phospholipid-2-glycoprotein | complex is an antigen

https://academic.oup.com/rheumap

for anticardiolipin antibodies occurring in autoimmune
disease but not with infection. Lupus 1992;1:75-81.

18 McNeil HP, Simpson RJ, Chesterman CN, Krilis SA. Anti-
phospholipid antibodies are directed against a complex
antigen that includes a lipid-binding inhibitor of coagula-
tion: 2-glycoprotein | (apolipoprotein H). Proc Natl Acad
Sci USA 1990;87:4120-4.

19 Devreese KMJ, de Groot PG, de Laat B et al. Guidance
from the Scientific and Standardization Committee for
lupus anticoagulant/antiphospholipid antibodies of the
International Society on Thrombosis and Haemostasis:
update of the guidelines for lupus anticoagulant detection
and interpretation. J Thromb Haemost 2020;18:2828-39.

20 Pengo V, Tripodi A, Reber G et al. Update of the
guidelines for lupus anticoagulant detection.
Subcommittee on Lupus Anticoagulant/
Antiphospholipid Antibody of the Scientific and
Standardisation Committee of the International Society
on Thrombosis and Haemostasis. J Thromb Haemost
2009;7:1737-40.

Fields RA, Toubbeh H, Searles RP, Bankhurst AD. The
prevalence of anticardiolipin antibodies in a healthy
elderly population and its association with antinuclear
antibodies. J Rheumatol 1989;16:623-5.

22 Andreoli L, Chighizola CB, Banzato A et al. Estimated
frequency of antiphospholipid antibodies in patients with
pregnancy morbidity, stroke, myocardial infarction, and
deep vein thrombosis: a critical review of the literature.
Arthritis Care Res (Hoboken) 2013;65:1869-73.

23 Devreese KM, Pierangeli SS, de Laat B et al. Testing for
antiphospholipid antibodies with solid phase assays:
guidance from the SSC of the ISTH. J Thromb Haemost
2014;12:792-5.

24 Kelchtermans H, Pelkmans L, de Laat B, Devreese KM.
1gG/IgM antiphospholipid antibodies present in the
classification criteria for the antiphospholipid syndrome:
a critical review of their association with thrombosis. J
Thromb Haemost 2016;14:1530-48.

25 Chayoua W, Kelchtermans H, Gris JC et al. The (non-
)sense of detecting anti-cardiolipin and anti-
beta2glycoprotein | IgM antibodies in the antiphospholi-
pid syndrome. J Thromb Haemost 2020;18:169-79.

26 Duarte-Garcia A, Pham MM, Crowson CS et al. The
epidemiology of antiphospholipid syndrome: a
population-based study. Arthritis Rheumatol 2019;71:
1545-52.

2

—_

27 Jatuworapruk K, Bhoopat L, Hanvivadhanakul P. Clinical
and immunological characteristics of antiphospholipid
syndrome in an Asian population: a retrospective study.
Asian Pac J Allergy Immunol 2019;37:171-8.

28 Miranda S, Park J, Le Gal G et al. Prevalence of
confirmed antiphospholipid syndrome in 18-50 years
unselected patients with first unprovoked venous
thromboembolism. J Thromb Haemost 2020;18:926-30.

29 Tripodi A, Cohen H, Devreese KMJ. Lupus anticoagulant
detection in anticoagulated patients. Guidance from the
Scientific and Standardization Committee for lupus
anticoagulant/antiphospholipid antibodies of the
International Society on Thrombosis and Haemostasis. J
Thromb Haemost 2020;18:1569-75.

1 Z0Z Jaquiada( G| UO Jesn weplanoy llisiaAlun snwseld Aq 200SHy9/S609eMd/g/S/eo1ie/dewnayl/woo dno-olwapeoe)/:sdiy Wwolj) papeojumoc]



Eva K. Kempers et al.

30 Depreter B, Devreese KM. Dilute Russell’s viper
venom time reagents in lupus anticoagulant testing: a
well-considered choice. Clin Chem Lab Med 2017;55:
91-101.

10

31 Schouwers SM, Delanghe JR, Devreese KM. Lupus
anticoagulant (LAC) testing in patients with inflammatory
status: does C-reactive protein interfere with LAC test
results? Thromb Res 2010;125:102—-4.

https://academic.oup.com/rheumap

1 Z0Z Jaquiada( G| UO Jesn weplanoy llisiaAlun snwseld Aq 200SHy9/S609eMd/g/S/eo1ie/dewnayl/woo dno-olwapeoe)/:sdiy Wwolj) papeojumoc]



	tblfn1
	tblfn2
	tblfn3



