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Abstract

Anti-phospholipid antibodies (aPL) and lupus anticoagulant (LAC) represent diagnostic criteria 

for systemic lupus erythematosus (SLE) and underlie anti-phospholipid syndrome (APS) in 

patients with and without SLE. 526 healthy controls and 1633 SLE and 1835 primary APS (PAPS) 

patients were evaluated. LAC was assessed by hexagonal phase phospholipid neutralization assay 

(HPPNA), diluted Russell viper venom test (dRVVT), and platelet neutralization procedure (PNP). 

β2-glycoprotein-I and cardiolipin IgG, IgM, and IgA antibodies (aCL-IgG, aCL-IgM, aCL-IgA) 

were measured. 222/1633 SLE patients had APS based on the nine-test panel, which afforded the 

highest sensitivity (74%) and negative predictive value (90%) but lowest specificity (52%). 

HPPNA was the most sensitive individual test at 52%. The nine-test panel yielded the greatest 

sensitivity for aPL detection (70%) relative to HPPNA, the most sensitive individual test (36%) in 

PAPS. Superior sensitivity of a nine-test aPL panel has major implications for preventing 

potentially fatal thrombotic events in SLE and PAPS.
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INTRODUCTION

Antiphospholipid syndrome (APS) is characterized by thrombotic events attributed to anti-

phospholipid antibodies (aPL) (1). aPL also represent a diagnostic criterion for SLE (2) and 

elicit significant pathologies in patients with or without lupus (3;4). Most patients have 

primary APS (PAPS) while a significant minority, over 30%, has SLE or another systemic 

autoimmune disorder (1;5). In turn, 40% of patient with SLE have antiphospholipid 

antibodies (aPL), but less than 40% of them will eventually develop APS (6). PAPS affects 

0.05% of the population (7;8), however, it may be underdiagnosed in the absence of SLE, 

which can lead to omission of treatment. Therefore, we assessed the consistency of aPL 

testing in SLE and non-SLE patients who carried the diagnosis of thromboembolic events, 

such as deep venous thrombosis (DVT), pulmonary embolism (PE), and or stroke. The 

results indicate that a nine-test panel, comprising three lupus anticoagulant tests, such as 

hexagonal phase phospholipid neutralization assay (HPPNA), diluted Russell viper venom 

test (dRVVT), and platelet neutralization procedure (PNP) as well as measurements of IgG, 

IgM, and IgA antibodies against β2-glycoprotein 1 (aβ2-IgG, aβ2-IgM, aβ2-IgA) and 

cardiolipin (aCL-IgG, aCL-IgM, aCL-IgA) has superior sensitivity to detect aPL both in 

SLE and PAPS. However, the complete panel was only performed in a minority of patients. 

Among individual tests, HPPNA had the highest sensitivity, and thus, it may be a good 

initial test for screening for APS. Moreover, given the contribution of aPL as immunologic 

criterion for diagnosis of SLE (6,7), failure to employ the complete panel with IgA 

antibodies may lead to exclusion of patients who otherwise meet criteria for a definitive 

diagnosis. These findings have major implications for the diagnosis of SLE and APS with 

relevance for prevention of potentially fatal thrombotic events.

PATIENTS AND METHODS

Patients.

The electronic medical records of SUNY Upstate Medical University Hospital were 

examined for quality improvement with respect to utilization of laboratory tests for detection 

of APS in patients with and without SLE. Patients were identified by using the slicer-dicer 

feature of the Epic electronic medical records at Upstate University Hospital between March 

of 2013 and February of 2018. Clinical diagnoses were based on final diagnosis during 

hospitalization. 1633 SLE patients, who satisfied the ACR classification criteria for a 

definitive diagnosis (9;10), were evaluated for the presence of non-obstetric APS events such 

as DVT, PE, and stoke, as earlier described (3). Among the SLE patients, 1451 were females 

of 50±18 years of age (range: 3–90 years) and 182 were males of 46±14 years of age (range: 

7–94 years). 1,835 non-SLE patients were evaluated for the presence of PAPS. Of those 

patients, 513 were diagnosed with PE (380 females of 50±15 years of age, range: 17–84 

years; 133 males of 53±15 years of age, range: 3–82 years), 583 with DVT (380 females of 

51±15 years of age, range: 5–85 years; 133 males of 53±15 years of age, range: 3–82 years), 

and 739 with stroke (380 females of 52±14 years of age, range: 5–89 years; 133 males of 

53±15 years of age, range: 2–87 years). Non-SLE patients screened for thrombotic events 

compatible with PAPS did not carry the diagnosis of SLE or a positive antinuclear antibody 
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test. Sera and plasma of 526 healthy blood donors were used as controls for antibody and 

LAC testing, respectively.

Laboratory methods.

Lupus anticoagulants were assessed by Staclot LA hexagonal phase phospholipid 

neutralization assay (HPPNA; delta <8 seconds), Staclot diluted Russell viper venom test 

(dRVVT; <1.2 normalized ratio) obtained from Stago (Parsippany, NJ, USA). Platelet 

neutralization procedure (PNP; delta < 1 second) has been performed using a Stago STA-R 

Evolution Instrument, as earlier described (11;12). IgG and IgM antibodies against β2-

glycoprotein 1 (aβ2GPI-IgG, aβ2GPI-IgM) and cardiolipin (aCL-IgG, aCL-IgM) were 

measured in house while IgA isotypes (aβ2GPI-IgA, aCL-IgA) were tested by LabCorp 

Diagnostics (Burlington, NC). LAC testing was performed by addition of polybrene to 

plasma from patients treated with heparin (13).

Statistical analysis.

Sensitivities, specificities, positive (PPV) and negative predictive values (NPV) for detection 

of APS were calculated and compared by 2-tailed chi-square tests using GraphPad software. 

Differences were considered significant at p<0.05 for hypothesis testing.

RESULTS

222 of 1633 SLE patients had APS when using a combination of nine tests. Table 1 shows 

the frequency of positive and negative test results, sensitivity, specificity, PPV, NPV, and p 

value for each assay. The greatest sensitivity, 74%, was seen when all nine tests were 

performed together for detecting APS in SLE patients (p=0.0003 versus HPPNA; Table 1). 

However, combining all tests had the lowest specificity, 52% (p<0.0001 versus HPPNA). 

The complete nine-test panel was only performed in 550 of 1633 patients (Figure 1A). The 

most sensitive individual test for detection of APS was HPPNA at 52%. This test also had 

the second lowest specificity at 66%. aCL-IgA was the least sensitive at 4% (p<0.0001 

versus HPPNA) while aβ2GPI-IgG was the most specific individual assay at 97% (p<0.0001 

versus HPPNA). Similar trends were seen when APS comorbidities, such as DVT, PE, and 

stroke, were separately analyzed in SLE patients (Tables 3–5). Within the SLE patients who 

developed DVT, PE, or stroke, the complete nine-test panel had the greatest sensitivity: 78%, 

77%, and 76%, respectively. HPPNA was the second most sensitive in DVT (56%), PE 

(55%, and stroke patients (53%).

Among patients with PAPS, the nine-test panel had by far the greatest sensitivity at 69.5%, 

far exceeding that of the most sensitive individual assay, HPPNA, at 36% (p<0.0001; Table 

2). The nine-panel test had the highest NPV to rule out for PAPS at 46.5%. Along these 

lines, the nine-panel test also showed the greatest sensitivity to detect PE, DVT, or stroke 

(Table 2). In 513 patients with PE, HPPNA was the most sensitive individual test for 

detecting APS (from 349/513 tested, 144/349 resulted in positive HPPNA (41%). Only 

50/513 patients were assessed with all 9 tests; 30/50 had at least one positive result, thus 

achieving greater sensitivity at 60% (p<0.0001 relative to HPPNA). In 583 patients with 

DVT, HPPNA was also most sensitive for detecting APS; from 485/583 tested, 216/485 
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(45%) resulted in positive HPPNA relative to all other individual tests (p<0.01). Only 47/583 

patients were assessed with all 9 tests; 36/47 had a least one positive test (sensitivity: 76.6%; 

p<0.0001 relative to HPPNA). In 739 patients with stroke, PNP was the most sensitive 

individual test for detecting APS; from 81/739 tested, 26/81 resulted in positive PNP (32%). 

Only 54/739 patients were evaluated with all 9 tests; 39/54 had a least one positive test 

(sensitivity: 72%; p<0.0001 relative to PNP).When combining patients with DVT, PE, and 

stroke (Table 2), the complete nine-test panel yielded the greatest sensitivity for detecting 

PAPS (105/151, 69.5%) relative to the most sensitive individual test, HPPNA (382/1060, 

36%; p<0.0001). The nine-test panel had similar specificity and PPV but markedly higher 

NPV at 46% over any individual test (p<0.0001). These results indicate that performing the 

full panel of 9 tests yielded the greatest sensitivity for the detection of APS in all patients 

with thrombotic events (105/151, 70%) and highest NPV at 46.5% for the exclusion of APS 

in all three groups of non-SLE patients.

The complete nine-test panel was underutilized both in SLE and non-SLE patients with 

unexplained thrombotic events. Still, the complete panel was used more often in SLE 

(550/1633; Figure 1A) than non-SLE patients (191/1835; χ2=277, p<0.0001; Figure 1B). 

HPPNA was also used more often in SLE (1278/1633; Figure 1A) than non-SLE patients 

(1100/1835; χ2=134, p<0.0001; Figure 1B). PNP was even more underutilized in non-SLE 

patients (SLE, 726/1633; non-SLE, 315/1835; χ2=305, p<0.0001; Figure 1). PNP was only 

pursued in 81/739 patients with stroke, however, this was found to be the most sensitive test 

to detect APS in this cohort (Table 2). Surprisingly, dRVVT (1466/1633) was used more 

often than HPPNA in SLE patients (1278/1633; χ2=79, p<0.0001); i.e, dRVVT was not 

tested in 167 patients, while HPPNA was not tested in 355 patients with SLE (Table 1).

aβ2GPI-IgA was more often found in SLE (13/188; Table 1) than non-SLE subjects with 

thrombosis (22/867; χ2=9.2, p=0.0024; Table 2). In 5/13 aβ2GPI-IgA-positive SLE patients 

with thrombotic events, none of the other aPL antibody tests were found to be abnormal; 

among these 5 patients, one patient also had elevated HPPNA, PNP, and dRVVT and 2 

patients also had positive HPPNA (not shown). Likewise, aCL-IgA was more often found in 

SLE (8/189; Table 1) than non-SLE subjects with thrombosis (7/985; χ2=15.6, p<0.0001; 

Table 2). In 4/8 aCL-IgA-positive SLE patients with APS, none of the other aPL antibody 

tests were found to be positive; among these 4 patients, one patient also had elevated 

HPPNA, PNP, and dRVVT, one patient also had elevated HPPNA and PNP, and one patient 

also had positive HPPNA (not shown). Overall aβ2GPI-IgA was the only positive test in 2 

SLE patients with APS, while aCL-IgA was the only positive test in 1 SLE patient with 

APS. Interestingly, aβ2GPI-IgA was the only positive test in 9/22 non-SLE patients with 

thrombotic events. Alternatively, aCL-IgA was the only positive test in 2/7 non-SLE patients 

with thrombotic events.

DISCUSSION

This study demonstrates that a nine-test panel comprising three lupus anticoagulant assays 

(HPPNA, dRVVT, and PNP) and measurements of IgG, IgM, and IgA anti-phospholipid 

antibodies (aβ2GPI-IgG, aβ2GPI-IgM, aβ2GPI-IgA, aCL-IgG, aCL-IgM, aCL-IgA) has the 

greatest sensitivity to detect aPL both in SLE and PAPS subjects. This is a significant 
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finding since the utilization of all nine tests will aid in expedient recognition of high risk 

patients such as those who i) need life-long anticoagulation and ii) meet concurrent 

diagnosis of SLE. Of note, vast differences exist among specialized hemostasis laboratories 

with respect to the employment of LAC assays as well as methods and outcomes (14). The 

International Society on Haemostasis and Thrombosis (ISTH) only recommends the testing 

of dRVVT and activated partial thromboplastin time (aPTT), which is not mirrored by the 

guidelines of the British Committee for Standards in Haematology (BCSH) and the Clinical 

and Laboratory Standards Institute (CLSI). The two latter institutions endorse tests other 

than dRVVT and aPTT (15). Our study clearly indicates that the HPPNA is by far the most 

sensitive individual LAC test to detect APS in the presence or absence of concurrent SLE. 

The only exception was PNP, which was the most sensitive test to detect APS in non-SLE 

patients with stroke. Otherwise, PNP was the 2nd most sensitive test for detection of APS in 

all other patient groups. In contrast, dRVVT was less sensitive that HPPNA or PNP in all 

patient groups tested. These observations clearly advocate for the use of HPPNA as a 

primary screening test, especially in patients with thrombotic events when life-long 

anticoagulation may prevent potentially fatal relapses.

The nine-test panel was clearly underutilized both in SLE and non-SLE patients with 

unexplained thrombotic events. However, the complete panel was used more often in SLE 

patients than non-SLE patients with unexplained thrombotic events. Surprisingly, dRVVT 

(1466/1633) was used more often than HPPNA in SLE patients (1278/1633; χ2=79, 

p<0.0001); i.e, dRVVT was not tested in 167 patients, while HPPNA was not tested in 355 

SLE patients. Our findings indicate that HPPNA should be chosen to screen for aPL. This is 

consistent with earlier observations that HPPNA is underutilized among the various LAC 

assays (14).

Our nine-test panel includes aβ2-IgA and aCL-IgA antibody assays that have been 

eliminated from the 2006 Sydney criteria established for the diagnosis of APS (3). The 2011 

ACR classification guidelines only recommend testing for IgA antibodies when IgG and 

IgM antibodies are absent in a thrombotic patient strongly suspected to have APS (16). 

These society guidelines are clearly reflected by markedly lower frequency of IgA testing in 

our SLE and PAPS cohorts. However, these guidelines may be problematic considering that 

outcomes of aPL testing are often not reported within the 4.9-day average length of 

hospitalization in the United States (17). Moreover, IgA aPL antibodies were the only 

positive antibody tests in 21 SLE patients (13 with aβ2-IgA and 8 with aCL-IgA). 18 of 

these 21 patients also had a positive LAC test result. Among PAPS patients, we also 

encountered 9 subjects with aβ2GPI-IgA and 2 subjects with aCL-IgA as the only positive 

tests detecting APS. Although the prevalence of aβ2GPI-IgA and aCL-IgA antibodies was 

increased in APS patients with concurrent SLE relative those not having SLE, the results 

clearly support systematic testing of IgA aPL antibodies is patients worked up for SLE and 

PAPS.

While the HPPNA shows less specificity than dRVVT, it poses as an excellent initial 

screening assay if one does not wish to obtain the complete panel in low risk patients for 

reasons of cost-effectiveness. However, we strongly advocate for employing the proposed 

nine-test panel which also concurs with the notion that all APS patients cannot be reliably 
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identified by a single diagnostic assay (18). Early detection of patients with high-risk profile 

should allow prophylactic treatment to prevent clotting events in patients undergoing 

surgical procedures even if they have no previous history of venous occlusions (19). 

Furthermore, treatment of APS patients with hydroxychloroquine has been associated with 

reduced risk of thrombosis {8387, 8466}.

Although this study clearly demonstrates the importance to immediately obtain the complete 

nine-test panel for the diagnosis of SLE and APS, it has several weaknesses. This 

retrospective study did not delineate the baseline characteristics of the patients that carry 

additional risk for thromboembolic events, such as hypertension, hyperlipidemia, diabetes, 

smoking, use of estrogen-containing oral contraceptives, recent long-distance travel or recent 

surgery. We also did not evaluate patients with pregnancy loss who are typically not 

admitted to our hospital but constitute another major morbidity of APS. The study did not 

formally analyze repeated testing after 12 weeks, as advocated in the Sydney criteria (3), 

which may only apply to antibody assays not influenced by anticoagulation. Nonetheless, 

despite the weaknesses, these results establish the importance to perform comprehensive 

testing, as evidenced by the superior sensitivity of the complete nine-test panel; failure to do 

so may expose patients to life-threatening but preventable thrombotic events.
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List of Abbreviations:

aCL anti-cardiolipin antibody

aPL anti-phospholipid antibody

APS anti-phospholipid syndrome

aβ2GPI β2-glycoprotein I antibody

aβ2GPI-IgA IgA antibody against aβ2GPI

aβ2GPI-IgG IgG antibody against aβ2GPI

aβ2GPI-IgM IgM antibody against aβ2GPI

aCL-IgA IgA antibody against cardiolipin

aCL-IgG IgG antibody against cardiolipin

aCL-IgM IgM antibody against cardiolipin

dRVVT diluted Russell viper venom test

HPPNA hexagonal phase phospholipid neutralization assay

LAC lupus anticoagulant
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NPV negative predictive value

PAPS primary APS

PNP platelet neutralization procedure

PPV positive predictive value

SLE systemic lupus erythematosus

REFERENCES

(1). Cervera R, Serrano R, Pons-Estel GJ, Ceberio-Hualde L, Shoenfeld Y, de Ramon E et al. 
Morbidity and mortality in the antiphospholipid syndrome during a 10-year period: A multicentre 
prospective study of 1000 patients. Ann Rheum Dis 2015; 74(6):1011–8. [PubMed: 24464962] 

(2). Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill JT, Fortin PR et al. Derivation and validation 
of the Systemic Lupus International Collaborating Clinics classification criteria for systemic 
lupus erythematosus. Arth Rheum 2012; 64(8):2677–86. [PubMed: 22553077] 

(3). Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R et al. International 
consensus statement on an update of the classification criteria for definite antiphospholipid 
syndrome (APS).[see comment]. [136 refs]. J Thromb Haemost 2006; 4:295–306. [PubMed: 
16420554] 

(4). Lockshin MD, Erkan D. Treatment of the Antiphospholipid Syndrome. N Engl J Med 2003; 
349(12):1177–9. [PubMed: 13679533] 

(5). Cervera R, Piette JC, Font J, Khamashta MA, Shoenfeld Y, Camps MaT et al. Antiphospholipid 
syndrome: Clinical and immunologic manifestations and patterns of disease expression in a 
cohort of 1,000 patients. Arthritis Rheum 2002; 46(4):1019–27. [PubMed: 11953980] 

(6). Mok CC, Tang Sandy SK, To CH, Petri M. Incidence and risk factors of thromboembolism in 
systemic lupus erythematosus: A comparison of three ethnic groups. Arthritis Rheum 2005; 
52(9):2774–82. [PubMed: 16142761] 

(7). Cervera R Antiphospholipid syndrome. Thrombosis Res 2017; 151:S43–S47.

(8). Duarte-Garcia A, Pham MM, CROWSON CS, Amin S, MODER KG, Pruthi RK et al. The 
Epidemiology of Antiphospholipid Syndrome: A Population-Based Study. Arthritis & 
Rheumatology 2019; 71(9):1545–52. [PubMed: 30957430] 

(9). Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF et al. The 1982 revised criteria 
for the classification of systemic lupus erythematosus. Arthritis Rheum 1982; 25:1271–7. 
[PubMed: 7138600] 

(10). Hochberg MC. Updating the American College of Rheumatology revised criteria for the 
classification of systemic lupus erythematosus. Arthritis Rheum 1997; 40(9):1725.

(11). Triplett DA, Brandt JT, Kaczor D, Schaeffer J. Laboratory diagnosis of lupus inhibitors: A 
comparison of the tissue thromboplastin inhibition procedure with a new platelet neutralization 
procedure. Am J Clin Pathol 1983; 79(6):678–82. [PubMed: 6846258] 

(12). Genzen JR, Miller JL. Presence of Direct Thrombin Inhibitors Can Affect the Results and 
Interpretation of Lupus Anticoagulant Testing. Am J Clin Pathol 2005; 124(4):586–93. [PubMed: 
16146819] 

(13). Jacobsen EM, Trettenes EJ, Wisløff F, Abildgaard U. Detection and quantification of lupus 
anticoagulants in plasma from heparin treated patients, using addition of polybrene. Thromb J 
2006; 4:3. [PubMed: 16436199] 

(14). Dembitzer FR, Ledford Kraemer MR, Meijer P, Peerschke EIB. Lupus Anticoagulant Testing: 
Performance and Practices by North American Clinical Laboratories. Am J Clin Pathol 2010; 
134(5):764–73. [PubMed: 20959659] 

(15). Moore GW. Recent guidelines and recommendations for laboratory detection of lupus 
anticoagulants. Semin Thomb Hemost 2014; 40(2):163–71.

Dziamski et al. Page 7

Clin Immunol. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(16). Lakos G, Favaloro EJ, Harris EN, Meroni PL, Tincani A, Wong RC et al. International consensus 
guidelines on anticardiolipin and anti-b2-glycoprotein I testing: Report from the 13th 
International Congress on Antiphospholipid Antibodies. Arthritis Rheum 2012; 64(1):1–10. 
[PubMed: 21953634] 

(17). Bambhroliya AB, Donnelly JP, Thomas EJ, Tyson JE, Miller CC, McCullough LD et al. 
Estimates and Temporal Trend for US Nationwide 30-Day Hospital Readmission Among Patients 
With Ischemic and Hemorrhagic Stroke. JAMA Netw Open 2018; 1(4):e181190. [PubMed: 
30646112] 

(18). Roggenbuck D, Borghi MO, Somma V, Buttner T, Schierack P, Hanack K et al. Antiphospholipid 
antibodies detected by line immunoassay differentiate among patients with antiphospholipid 
syndrome, with infections and asymptomatic carriers. Arthritis Res Ther 2016; 18(1):111. 
[PubMed: 27209064] 

(19). Erkan D, Leibowitz E, Berman J, Lockshin MD. Perioperative medical management of 
antiphospholipid syndrome: hospital for special surgery experience, review of literature, and 
recommendations. J Rheumatol 2002; 29(4):843–9. [PubMed: 11950031] 

(20). Rand JH, Wu XX, Quinn AS, Ashton AW, Chen PP, Hathcock JJ et al. Hydroxychloroquine 
protects the annexin A5 anticoagulant shield from disruption by antiphospholipid antibodies: 
evidence for a novel effect for an old antimalarial drug. Blood 2010; 115(11):2292–9. [PubMed: 
19965621] 

(21). Petri M Use of Hydroxychloroquine to Prevent Thrombosis in Systemic Lupus Erythematosus 
and in Antiphospholipid Antibody-Positive Patients. Curr Rheum Rep 2011; 13(1):77–80.

Dziamski et al. Page 8

Clin Immunol. Author manuscript; available in PMC 2021 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Frequency of utilization of individual aPL assays and the complete 9-test panel in 1633 SLE 

patients (panel A) and 1835 PAPS patients (panel B).
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Table 1.

Sensitivity and specificity of nine test for detection of APS in SLE patients

TEST HPPNA PNP dRVVT aβ2GPI-
IgG

aβ2GPI-
IgM

aβ2GPI-
IgA

aCL-IgG aCL-
IgM

aCL-IgA All tests

APS+ TEST+ 102 35 36 15 14 13 21 28 8 73

APS+ TEST− 96 77 155 191 192 175 195 185 181 26

APS−TEST+ 395 78 96 43 57 47 81 123 41 215

APS−TEST− 777 536 1179 1285 1271 1110 1298 1245 1089 236

p value <0.0001 <0.0001 <0.0001 0.0046 NS NS 0.0316 NS NS <0.0001

Sensitivity (%) 52 31 19 7 7 7 10 13 4 74

*p value vs HPPNA 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0003

PPV (%) 21 31 27 26 20 22 21 19 16 25

Specificity 
(%)

66 87 92 97 96 96 94 91 96 52

*p value vs HPPNA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

NPV (%) 89 87 88 87 87 86 87 87 86 90

*,
p values assessing differences in sensitivity and specificity are compared to HPPNA as a point of reference.
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Table 2.

Sensitivity and specificity of nine tests for detection of PAPS in 1835 patients, including 513 with PE, 583 

with DVT, and 739 with stroke; all PAPS patients with thrombotic events: HC, healthy controls.

TEST HPPNA dRVVT PNP aβ2GPI-
IgG

aβ2GPI-
IgM

aβ2GPI-
IgA

aCL-IgG aCL-
IgM

aCL-IgA TEST

PE TEST+ 144 63 20 13 7 3 13 25 2 30

PE TEST− 205 189 45 250 255 194 417 396 250 20

Sensitivity (%) 41 25 30.8 4.9 2.7 1.5 3 5.9 0.8 60

p value vs 
HPPNA

- <0.0001 NS <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

DVT TEST+ 216 78 40 21 19 9 28 50 2 36

DVT TEST− 269 277 89 411 370 317 569 523 347 11

Sensitivity (%) 44.5 21.97 31 4.9 4.9 2.8 4.7 8.7 0.57 76.6

p value vs 
HPPNA

- <0.0001 0.0056 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Stroke TEST+ 22 135 26 18 15 10 28 33 3 39

Stroke TEST− 204 296 55 351 354 334 655 627 381 15

Sensitivity (%) 9.7 31.3 32 4.9 4 2.9 4.1 5 0.78 72

p value vs PNP <0.0001 NS - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

PAPS TEST+ 382 276 86 52 41 22 69 108 7 105

PAPS TEST− 678 762 189 1012 979 845 1641 1546 978 46

HC TEST+ 0 1 0 1 0 7 1 0 0 1

HC TEST− 40 39 40 39 40 208 39 40 486 39

p value <0.0001 <0.0001 <0.0001 NS NS NS NS NS NS <0.0001

Sensitivity (%) 36.0 26.6 31.3 4.8 4.0 2.5 4.0 6.5 0.7 69.5

p value vs 
HPPNA

- <0.0001 NS <0.0001 0.0006 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

PPV (%) 100 100 100 98 100 76 99 100 100 99

Specificity (%) 100 98 100 98 100 97 98 100 100 98

p value vs 
HPPNA

NS NS NS NS NS NS NS NS NS NS

NPV (%) 5.6 5.0 17.5 3.8 3.9 20.3 23.8 25.2 33.2 46.5
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Table 3.

Sensitivity and specificity of nine test for detection of DVT in SLE patients.

TEST HPPNA PNP dRVVT aβ2-IgG aβ2-IgM aβ2-IgA aCL-IgG aCL-IgM aCL-IgA All tests

DVT+ TEST+ 56 18 15 9 9 7 8 14 1 43

DVT+TEST− 44 40 79 93 93 88 99 91 96 12

DVT−TEST+ 395 78 96 43 57 47 81 123 41 215

DVT−TEST− 777 536 1179 1285 1271 1110 1298 1245 1089 236

p value <0.0001 0.0001 0.0039 0.0037 0.0356 NS NS NS NS <0.0001

Sensitivity (%) 56 31 16 9 9 7 7 13 1 78

*p value vs HPPNA 0.0024 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0059

PPV (%) 12 19 14 17 14 13 9 10 2 17

Specificity (%) 66 87 92 97 96 96 94 91 96 52

*p value vs HPPNA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

NPV (%) 95 93 94 93 93 93 93 93 92 95

*,
p values assessing differences in sensitivity and specificity are compared to HPPNA as a point of reference.
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Table 4.

Sensitivity and specificity of nine test for detection of PE in SLE patients.

TEST HPPNA PNP dRVVT aβ2-IgG aβ2-IgM aβ2-IgA aCL-IgG aCL-IgM aCL-IgA All tests

PE+ TEST+ 29 8 10 3 3 2 5 7 3 23

PE+ TEST− 24 22 42 54 54 52 56 53 52 7

PE− TEST+ 395 78 96 43 57 47 81 123 41 215

PE− TEST− 777 536 1179 1285 1271 1110 1298 1245 1089 236

p value 0.0017 0.0281 0.0023 NS NS NS NS NS NS 0.0021

Sensitivity (%) 55 27 19 5 5 4 8 12 5 77

*p value vs HPPNA 0.0135 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.04

PPV (%) 7 9 9 7 5 4 6 5 7 10

Specificity (%) 66 87 92 97 96 96 94 91 96 52

*p value vs HPPNA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

NPV (%) 97 96 97 96 96 96 96 96 95 97

*,
p values assessing differences in sensitivity and specificity are compared to HPPNA as a point of reference.
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Table 5.

Sensitivity and specificity of nine test for detection of stroke in SLE patients.

TEST HPPNA PNP dRVVT aβ2-IgG aβ2-IgM aβ2-IgA aCL-IgG aCL-IgM aCL-IgA All tests

Stoke+ TEST+ 51 22 18 8 6 10 15 13 5 37

Stoke+ TEST− 45 37 75 89 91 78 86 87 82 12

Stroke− TEST+ 395 78 96 43 57 47 81 123 41 215

Stroke-−TEST− 777 536 1179 1285 1271 1110 1298 1245 1089 236

p value <0.0001 <0.0001 <0.0001 NS NS 0.0016 0.0004 NS NS 0.0002

Sensitivity (%) 53 37 19 8 6 11 15 13 6 76

*p value vs HPPNA NS <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.009

PPV (%) 11 22 16 16 10 18 16 10 11 15

Specificity (%) 66 87 92 97 96 96 94 91 96 52

*p value vs HPPNA <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

NPV (%) 95 94 94 94 93 93 94 93 93 95

*,
p values assessing differences in sensitivity and specificity are compared to HPPNA as a point of reference.
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