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Abstract

Background: Life-long vitaminK antagonist (VKA) therapy is recommended as a standard

of care in antiphospholipid syndrome (APS) patients with thrombosis. Concerns have

been raised about the validity of international normalized ratio (INR) measurements in

lupus anticoagulant (LA)-positive APS patients because LA may interfere with

phospholipid-dependent coagulation tests and could elevate INR measurements.

Objectives: Here, we aimed to determine the interference of antigen-specific mono-

clonal and isolated patient antibodies with LA activity on INR measurements.

Methods: Pooled normal plasma and control plasma from patients on VKA (without LA)

were incubated with monoclonal and isolated patient immunoglobulin G anti-

prothrombin and anti–beta-2-glycoprotein I antibodies that express LA activity. INR

was determined before and after addition using 3 laboratory assays (Owren STA-

Hepato Prest, Quick STA-NeoPTimal, and Quick STA-Neoplastine R) and 1 point-of-

care test device (CoaguChek Pro II).

Results: Antiprothrombin and anti–beta-2-glycoprotein I antibodies with LA activity

interfered with recombinant human thromboplastin reagents (Quick STA-Neoplastine

R and CoaguChek Pro II), particularly when added to plasma of VKA-treated con-

trols. This effect was most evident on point-of-care test INR measurements, while the

recombinant Quick reagent exhibited a lesser degree of interference. In contrast,

tissue-derived thromboplastin reagents (Owren STA-Hepato Prest and Quick STA-

NeoPTimal) remained largely unaffected by these antibodies, both in pooled normal

plasma and VKA anticoagulated control plasma. Among these reagents, the Owren INR

reagent exhibited the lowest sensitivity to the influence of LA antibodies. This observed

difference in sensitivity is independent of the plasma dilution factor or the presence of

factor V or fibrinogen in Owren reagent.
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Essentials

• Lupus anticoagulant (LA) may interfere

• The interference of LA-causing antibodi

• Recombinant human thromboplastin rea

• Anticoagulation in LA patients can be m
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Conclusion: INR reagents that utilize recombinant human thromboplastin are more

sensitive to the presence of monoclonal and patient-derived antibodies with LA ac-

tivity. Consequently, APS patients positive for LA should be monitored using tissue-

derived thromboplastin reagents, given its reduced susceptibility to interference by

LA-causing antibodies.

K E YWORD S

anticoagulants, antiphospholipid syndrome, international normalized ratio, lupus coagulation

inhibitor, warfarin
with international normalized ratio tests.

es on international normalized ratio measurements was tested.

gents are more sensitive to LA.

onitored safely using tissue-derived thromboplastins.
1 | INTRODUCTION

Antiphospholipid syndrome (APS) is an acquired autoimmune disorder

defined by thrombosis and adverse pregnancy outcome in the pres-

ence of persistent antiphospholipid antibodies (aPL) [1]. The current

laboratory criteria for the classification of APS include 3 aPL types:

anticardiolipin (aCL) autoantibodies, anti–beta-2-glycoprotein I

(aβ2GPI) autoantibodies, and lupus anticoagulants (LAs). LAs refer to a

heterogeneous group of autoantibodies that interfere with

phospholipid-dependent coagulation tests in vitro, causing a prolonged

clotting time [2,3]. The LA phenomenon has been attributed to auto-

antibodies directed to the phospholipid-binding proteins β2GPI or

prothrombin [4–6]. Among the 3 aPL populations outlined in the

classification criteria for APS, LA exhibits a strong correlation with the

occurrence of thrombosis [7–9], while the presence of aCL and aβ2GPI

alone demonstrates a weaker association with thrombosis [9–11]. In

contrast, combined triple positivity for LA, aCL, and aβ2GPI antibodies

has been associated with a substantial risk for both first and recurrent

thromboembolisms [12,13].

To reduce the risk of recurrent thrombotic events, APS patients

with a history of thrombosis require antithrombotic treatment. While

direct oral anticoagulants have become the first-line treatment for

most patients with a first thromboembolism, direct oral anticoagulants

have proven insufficient in the treatment of thrombotic APS patients

[14,15]. Therefore, current guidelines recommend that patients with

an APS-related thrombosis should be treated with life-long vitamin K

antagonists (VKAs) [16,17]. Nevertheless, the effective use of VKAs is

challenging due to their narrow therapeutic window and unpredict-

able anticoagulant effect [18,19], necessitating frequent laboratory

monitoring to ensure optimal dosing and minimize the risk of bleeding.

VKA therapy is monitored using the international normalized ratio

(INR), a universal normalized scale independent of reagent and

method. The INR is calculated from the prothrombin time (PT) and the
appropriate international sensitivity index (ISI) of the thromboplastin

utilized in the PT test [20]. The optimal intensity of VKA therapy may

differ with individual risk factors; however, a target INR of 2.0 to 3.0 is

recommended for patients with APS [21,22].

Concerns have been raised about the validity of INR measure-

ments in LA-positive APS patients [23,24]. The presence of LA-causing

antibodies may hamper anticoagulant monitoring as they interfere

with phospholipid-dependent coagulation tests [3,24,25]. This

disruption may result in a prolonged PT and elevated INR measure-

ment [26]. Consequently, INR values may not reflect true anti-

coagulation intensity, leading to an overestimation of the effect of oral

anticoagulation, resulting in a prothrombotic risk. The interference of

LA on INR measurements is suggested to be highly dependent on the

thromboplastin reagent used due to the variable sensitivity of

different thromboplastin reagents to the presence of LA [3,25,27].

Particularly, the impact of these antibodies on point-of-care test

(POCT) reagents remains an area of significant concern and clinical

relevance [24]. Hence, understanding how LA may affect INR results is

crucial for ensuring the accuracy of therapeutic monitoring and clinical

decision making. In this study, we aimed to investigate the influence of

LA-causing antigen-specific antibodies on INR results measured using

different thromboplastin reagents and methods. To our knowledge,

this is the first time antigen-specific antibodies with LA activity were

investigated in relation to INR, contrary to the patient plasma or total

immunoglobulin (Ig)G typically used.
2 | METHODS

2.1 | Reagents

Human prothrombin, bovine factor (F)V, and bovine fibrinogen were

obtained from Synapse Research Institute (Maastricht, the
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Netherlands). Human IgG isotype control purified from pooled normal

human serum was obtained from Invitrogen. Monoclonal anti-

prothrombin (aPT) antibody 28F4 and aβ2GPI 27G7 antibody were

prepared as previously described [28]. The monoclonal aPT antibody

3B1 and aβ2GPI antibody 3B7 were produced according to standard

procedures [29]. Monoclonal aPT antibodies were directed against

F1.2 of prothrombin, whereas monoclonal aβ2GPI antibodies targeted

domain I of β2GPI. All monoclonal antibodies expressed LA activity. LA

was determined by activated partial thromboplastin time (STA-Staclot

LA) and dilute Russell viper venom time (STA-Staclot DRVV Screen

and Confirm), both obtained from Diagnostica Stago. INR was deter-

mined using the Owren PT reagent STA-Hepato Prest and the Quick

PT reagents STA-Neoplastine R and STA-NeoPTimal obtained from

Diagnostica Stago. POCT INR was measured using the CoaguChek Pro

II purchased from Roche Diagnostics.
2.2 | Plasma samples

Left-over citrate anticoagulated plasma samples (3.2% sodium citrate;

Beckton Dickinson) of patients from the Thrombosis Service of

Meander Medical Centre receiving oral VKAs were selected based on

their PT/INR. To study the reliability of the POCT INR analysis based

on plasma compared with whole blood (WB), plasma remnants of 10

patients of the Meander Thrombosis Service were collected. These

patients treated with VKAs were admitted to the laboratory for

regular INR monitoring for capillary WB-POCT INR analysis

(measured on the CoaguChek Pro II) as venous sampling as part of

periodic validation of the POCT devices, which was approved by

informed consent. After venous sampling, the blood was centrifuged

at 2100 × g for 10 minutes, and the plasma was stored at −80 ◦C until

further use.

Pooled normal plasma (PNP) was prepared from healthy volun-

teers, as previously described [30]. In short, blood was collected from

healthy controls by venipuncture (3.2% sodium citrate; Beckton

Dickinson) after obtaining informed consent. Platelet-poor plasma was

obtained from the supernatant fraction after double centrifugation at

2840 × g for 10 minutes at room temperature. Afterward, the plasma

was pooled, and aliquots were stored at −80 ◦C until further use.
2.3 | Purification of antigen-specific patient IgG

antibodies

The study protocol was approved as non-Medical Research Involving

Human Subjects Act research by the medical ethics committee of the

Erasmus MC, Rotterdam, the Netherlands (MEC 2021-0131). Fresh

apheresis plasma was obtained from APS patients undergoing regular

therapeutic plasma exchange for anticoagulant-refractory APS. IgG an-

tibodieswere precipitated fromthe apheresis plasma bygradually adding

solid ammonium sulfate to a final concentration of 50%, followed by in-

cubation for at least 1 hour at room temperature and centrifugation at
4200 × g at 4 ◦C for 20 minutes. The pellet obtained after the centrifu-

gationwas resuspended in 0.05M sodiumphosphate buffer (pH 7.0), and

the conductivity was adjusted to 28.5 mS/cm using Milli-Q water. IgM

antibodies were precipitated by the addition of polyethylene glycol 6000

to afinal concentration of8%, followed by a centrifugation step at 4000×
gat room temperature for 30minutes. The supernatantwas collected and

passed through a Protein G Sepharose 4 Fast Flow (Cytiva Life Sciences)

affinity chromatography column for IgG isolation. The Protein G column

was washed using 0.01 M sodium phosphate buffer (pH 7.0) containing

0.15 M NaCl. Bound IgG antibodies were eluted with 0.1 M glycine (pH

3.0), and the pH of the protein-containing fractions was neutralized

immediately using 1.0 M Tris (pH 8.5). The purity of the antibodies was

checked with sodium dodecyl sulfate–polyacrylamide gel electropho-

resis. G-Trap FPLC columns (G-Biosciences) were packed with immobi-

lized prothrombin- and β2GPI-coupled Sepharose to purify the antigen-

specific IgG antibodies from the IgG pool. The total IgG was loaded,

and columnswerewashedwith 0.01M sodiumphosphate buffer (pH7.0)

containing 0.15 M NaCl. After washing, bound antibodies were eluted

using elution buffer (0.1 M glycine, pH 3.0), and the pH of the protein-

containing fractions was neutralized using 1.0 M Tris (pH 8.5) immedi-

ately after collection. IgG antibodies bound to the β2GPI-Sepharose

column were eluted using a high-salt elution buffer (0.1 M glycine, 1 M

NaCl; pH 3.0). Finally, the LA activity of the isolated patient antibodies

was tested by incubating PNP with antibody for 10 minutes at 37 ◦C
before LA testing. LA was performed in accordance with the manufac-

turer’s instructions for dilute Russell viper venom time and activated

partial thromboplastin time testing and international guidelines for LA

testing [31].
2.4 | INR determination

PNP or plasma from anticoagulated patients (without LA) was incu-

bated with aPL for 5 minutes at room temperature before INR

determination. Monoclonal and patient-derived IgG aβ2GPI and aPT

antibodies with LA activity were tested in this study. In some exper-

iments, prothrombin (1.4 μM), FV (20 nM), fibrinogen (10 μM), or

equal volumes of Tris-buffered saline were added to the plasma. The

plasma INR was determined on the STA R Max 3 coagulation analyzer

(Diagnostica Stago) using 3 commercially available thromboplastin

reagents: STA-Hepato Prest, an Owren PT tissue-derived thrombo-

plastin reagent; STA-NeoPTimal, a Quick PT tissue-derived thrombo-

plastin reagent; and STA-Neoplastine R, a Quick PT reagent prepared

from human recombinant tissue factor (TF) and phospholipids. The

INR on the STA R Max 3 analyzer was calculated automatically using

the ISI and mean normal clotting time provided by the manufacturer.

The POCT INR was determined and calculated on the CoaguChek Pro

II (Roche Diagnostics) using PT test strip containing human recombi-

nant TF. WB or plasma recalcified 1:1 with 17.0 mM calcium chloride

was used to determine the POCT INR. The effect of plasma dilution

factor on INR interference by LA was determined using the

semiautomated STart coagulation analyzer (Diagnostica Stago) and
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STA-Hepato Prest, STA-Neoplastine R, or STA-NeoPTimal PT reagent.

In short, PNP was incubated with LA-causing monoclonal aβ2GPI and

aPT antibodies (200 μg/mL) prior to dilution with Owren–Koller buffer

to a range of plasma dilution factors. The INR was calculated manually

from the PT using the ISI value provided by the manufacturer and the

mean normal clotting time, which was determined in-house.
2.5 | Statistical analysis

All analyses were performed with GraphPad Prism 9.3.0 software

(GraphPad Software). Results were reported as mean and SD. Spear-

man’s rank correlation coefficient was used to test the correlation

between the different INR methods. Bland–Altman plots were used to

calculate the degree of agreement between INR methods. Differences

between conditions were analyzed with unpaired Student’s t-tests. P

values of <.05 were considered statistically significant.
3 | RESULTS

3.1 | Reliability of the plasma-based POCT INR

assay

In the pursuit of understanding the effect of LA on INR test results, one

important decision was to opt for plasma rather than WB for conducting

POCT experiments. This choice was made because experiments with

plasma offered significant logistical advantages for the study design. To

establish the reliability of the POCT method based on plasma, the

agreement and correlation between the plasma-based POCTmethod and

the other INRmethodswere investigated using plasma andWB fromnon-

APS control patients onVKA therapy. Themedian INR valuewas 3.2 (IQR,

2.8-3.5) when measured using the plasma-POCT and 2.7 (IQR, 2.6-2.9)

when obtained using the WB-POCT. The median INR values determined

on the STA R Max 3 coagulation analyzer were 2.8 (IQR, 2.5-3.0) for the

STA-Hepato Prest reagent, 2.5 (IQR, 2.3-3.0) for the STA-Neoplastin R

reagent, and 2.8 (IQR, 2.4-3.0) for the STA-NeoPTimal reagent. Overall,

plasma-POCT INR values correlated well with the STA-Neoplastin R INR

values (Spearman’s rho [ρ], .97; 95%CI, 0.86-0.99), STA-Hepato Prest INR

values (ρ= .89; 95%CI, 0.60-0.97), andSTA-NeoPTimal INRvalues (ρ= .89;

95% CI, 0.61-0.97; Figure 1). The correlation between WB-POCT INR

values and STA-NeoplastinR INR (ρ = .67; 95%CI, 0.09-0.90), STA-Hepato

Prest INR (ρ = .80; 95% CI, 0.37-0.95), and STA-NeoPTimal INR (ρ = .65;

95% CI, 0.06-0.90) values was slightly lower when compared with the

plasma-POCT INR measurements (Figure 1). Furthermore, a Bland–

Altman analysis was performed to determine the agreement between

the POCTmethod and the laboratory assays (Figure 2). The INR variances

between methods remained within the limits of agreement (95% CI) for

the majority of the samples. No differences in agreement were observed

between the plasma-POCT method and WB-POCT method compared

with the 3 laboratory INR assays.
3.2 | Sensitivity of different INR reagents to

monoclonal antibodies with LA activity

Todetermine the interferenceofmonoclonal aPLon INRvalues, PNPwas

spikedwith increasing concentrations ofmonoclonal aPT and aβ2GPI IgG

antibodies with LA activity and measured using tissue-extract thrombo-

plastin reagents (STA-Hepato Prest and STA-NeoPTimal), recombinant

human thromboplastin reagent (STA-Neoplastin R), and a POCT INR

assay. Monoclonal antibodies with LA activity interfered with recombi-

nant thromboplastin reagents, especially the POCT INR method

(Figure 3A). This interference was particularly apparent at high antibody

titers. Tissue-extract thromboplastin reagents (STA-Hepato Prest and

STA-NeoPTimal) demonstrated minimal interference by LA, even at high

antibody titers. This interferencewas the lowest for STA-HepatoPrest an

Owren PTmethods. Among thesemonoclonal aPL, themost pronounced

interference was observed with aPT antibodies, while the interference

associated with aβ2GPI antibodies was notably less. Interestingly, the

interference of the combined aPT and aβ2GPI antibodies exceeded the

degree of interference observed in conditions incubated with only aPT

antibodies, even though the total concentration of antibodies was the

same in both conditions.

To better understand the potential impact of LA on INR mea-

surements in a clinical context, we also evaluated the interference of

monoclonal aPL with LA activity on INR values when spiked into

pooled plasma from non-APS patients treated with VKAs. Plasma

samples, reflecting INRs at the lower (INR ≈ 2.0; Figure 3B), middle

(INR ≈ 3.0; Figure 3C), and upper (INR ≈ 4.0; Figure 3D) regions of the

therapeutic range, were collected. Similar to the results obtained in

PNP, the addition of LA-causing monoclonal aPT or aβ2GPI antibodies

had minimal effect on INR values measured using the tissue-extract

thromboplastin reagents (STA-Hepato Prest and STA-NeoPTimal). In

contrast, recombinant thromboplastin reagents, especially POCT INR

values, were more sensitive to interference by LA. Interestingly, the

interference of aβ2GPI on POCT INR values was found to increase

with increasing INR baseline levels. This phenomenon was not

observed with aPT antibodies.

Decreased prothrombin levels in plasma from VKA-treated pa-

tients might explain the reduced interference of aPT antibodies when

spiked into anticoagulated plasma. To investigate this, we spiked plasma

from VKA-treated control patients with aPT antibodies in the presence

and absence of plasma concentrations of prothrombin. As expected, the

addition of prothrombin lowered the baseline INR value of plasma from

VKA-treated patients in all INR methods (Supplementary Figure S1).

Interestingly, we observed that the INRwasmarkedly higher when aPT

antibodies were added in combination with extra prothrombin

compared with the condition without extra prothrombin. This increase

was particularly evident when INR values were measured using the

POCT INR method (P = .14); however, this difference was not statisti-

cally significant (Supplementary Figure S1D). This is likely due to the

fact that the limit of detection was reached, suggesting that the actual

discrepancy in INR values in the POCT INR assay is even more sub-

stantial. In contrast, no difference was observed when the INR was



F I GUR E 1 Spearman correlation analysis to identify the correlation between the international normalized ratio (INR) assays. Whole blood

point-of-care test (WB-POCT) vs STA-Hepato Prest (A), WB-POCT vs STA-NeoPTimal (B), WB-POCT vs STA-Neoplastin R (C), plasma-POCT vs

STA-Hepato Prest (D), plasma-POCT vs STA-NeoPTimal (E), plasma-POCT vs STA-Neoplastin R (F), and WB-POCT vs plasma-POCT (G). The

dashed 45◦ line represents the perfect concordance. P < .05 was considered statistically significant. r2, Goodness of fit; r, Spearman correlation

coefficient.
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determined using the 2 tissue-extract thromboplastin reagents (P> .99;

Supplementary Figure S1A, B).
3.3 | Sensitivity of different INR reagents to

patient-derived antibodies with LA activity

Next, the interference of patient-derived IgG antibodies with LA ac-

tivity on INR values was determined by spiking PNP and plasma from

VKA-treated patients with aPL isolated from apheresis plasma. Similar

to the monoclonal antibodies, recombinant thromboplastin reagents

(STA-Neoplastin R and POCT) were more sensitive to interference by

patient-derived aPT or aβ2GPI antibodies with LA activity compared

with tissue-extract thromboplastin reagents (STA-Hepato Prest and

STA-NeoPTimal; Figure 4). This interference was particularly evident

when INR values were measured using the POCT INR method.
Furthermore, the interference by LA antibodies was more pronounced

when spiked into plasma from non-APS patients treated with VKAs

and increased with higher baseline INR values (Figure 4B–D). The

addition of patient-derived LA aPT or aβ2GPI antibodies did not affect

the tissue-extract thromboplastin INR reagents, both in PNP and

anticoagulated control plasma.
3.4 | The influence of plasma dilution factor and FV

or fibrinogen concentration in the INR reagents on the

sensitivity of Owren PT reagents to LA interference

To determine if the decreased sensitivity of the Owren PT reagents

(STA-Hepato Prest) to LA is due to differences in plasma dilution

factor, PNP was spiked with LA-causing monoclonal aβ2GPI antibody

or aPT antibody and diluted using a range of plasma dilution factors.



F I GUR E 2 Bland–Altman analysis to identify the agreement between the international normalized ratio (INR) assays. Whole blood point-of-

care test (WB-POCT) vs STA-Hepato Prest (A), WB-POCT vs STA-NeoPTimal (B), WB-POCT vs STA-Neoplastin R (C), plasma-POCT vs STA-

Hepato Prest (D), plasma-POCT vs STA-NeoPTimal (E), plasma-POCT vs STA-Neoplastin R (F), and WB-POCT vs plasma-POCT (G). The solid

line indicates mean differences, and the dotted lines represent the upper and lower limits of agreement (95% CI).
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The standard plasma dilution factors for Quick INR and Owren INR

methods were 1:6 and 1:40, respectively. Interestingly, for both Quick

INR methods (STA-NeoPTimal and STA-Neoplastin R), the interfer-

ence by LA on INR measurements remained stable over the total

range of plasma dilutions (Supplementary Figure S2). Similarly, inter-

ference by aPL on the Owren INR values (STA-Hepato Prest) did not

increase when the dilution factor of the plasma was lower.

Another factor that could explain the decreased sensitivity of

Owren reagents (STA-Hepato Prest) to INR interference by LA is the

reagent composition. Owren reagents are enhanced with bovine FV

and fibrinogen. To investigate if this difference in reagent compo-

sition influences the sensitivity to LA, PNP was spiked with LA-

causing monoclonal aβ2GPI or aPT antibodies in the presence or

absence of extra FV or fibrinogen (n = 3). The addition of plasma
concentrations of FV (20 nM; Figure 5) or fibrinogen (10 μM;

Figure 6) did not affect the INR discrepancies observed between

Owren and Quick PT reagents when spiked with the aβ2GPI anti-

body or aPT antibody.
4 | DISCUSSION

Life-long VKA therapy is recommended as a standard of care for APS

patients with a history of thrombosis [16,17]. The narrow therapeutic

window and unpredictable anticoagulant effect make the effective use

of VKAs challenging [18,19]. Frequent INR monitoring is necessary to

ensure optimal dosing and to minimize the risk of bleeding. However,

the validity of INR measurements in LA-positive APS patients has



F I G U R E 3 Monoclonal antiphospholipid antibodies with lupus anticoagulant activity interfere with international normalized ratio (INR) measurements. Pooled normal plasma (PNP; A) or

pooled vitamin K antagonist-treated plasma with INR values at the low (A; ≈2.0), middle (B; ≈3.0), and upper (C; ≈4.0) parts of the therapeutic range were incubated with monoclonal

antiprothrombin antibodies (28F4 and 3B1), monoclonal anti–beta-2-glycoprotein I antibodies (27G7 and 3B7), or both. INR measurements were performed using STA-Hepato Prest (I), STA-

NeoPTimal (II), STA-Neoplastin R (III), or point-of-care test (POCT; IV) INR reagents. INR = limit of detection.
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F I G U R E 4 Patient-derived antiphospholipid antibodies with lupus anticoagulant activity interfere with international normalized ratio (INR) measurements. Pooled normal plasma (PNP; A) or

pooled vitamin K antagonist-treated plasma with INR values at the low (A; ≈2.0), middle (B; ≈3.0), and upper (C; ≈4.0) parts of the therapeutic range were incubated with 0 to 400 μg/mL patient-

derived antiprothrombin antibodies or anti–beta-2-glycoprotein I (aβ2GPI) antibodies. INR measurements were performed using STA-Hepato Prest (I), STA-NeoPTimal (II), STA-Neoplastin R (III),

or point-of-care test (POCT; IV) INR reagents. INR ≈ limit of detection. aPT, antiprothrombin.
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F I GUR E 5 Interference of international normalized ratio (INR) values by lupus anticoagulants is independent of factor (F)V concentration in

the INR reagents. Pooled normal plasma (PNP) was incubated with 200 μg/mL monoclonal anti–beta-2-glycoprotein I antibody (27G7; A–C) or

antiprothrombin antibody (28F4; D–F) in the presence or absence of added FV (20 nM). Results are shown as mean ± SD (n = 3). INR

measurements were performed using STA-Hepato Prest (A, E), STA-NeoPTimal (B, F), STA-Neoplastin R (C, G), or point-of-care test (POCT;

D, H) INR reagents. Ns, not significant.
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been under debate [25,27,32,33]. LA may hamper anticoagulant

monitoring as it interferes with phospholipid-dependent coagulation

tests and could elevate INR measurements [3,26]. The impact of LA on

INR measurements is thought to be highly dependent on the specific

INR method used [3,25,27]. Therefore, we aimed to investigate the

interference of monoclonal and patient-derived aPL with LA activity

on a POCT INR method and 3 laboratory INR methods (STA-Hepato

Prest, STA-NeoPTimal, and STA-Neoplastin R). Our study demon-

strated that monoclonal and patient-derived IgG aβ2GPI and aPT

antibodies with LA activity interfere with INR reagents utilizing re-

combinant thromboplastins. This interference was particularly

apparent when INR values were measured using the POCT INR

methods. Tissue-extract thromboplastin reagents were less sensitive

to interference by LA, especially the Owren PT method.

These differences in interference by LA might be explained by

differences in the methodology or reagent composition used in these

assays. Firstly, the INR results can be influenced by the dilution factor

of the plasma. The Owren method demonstrates a relatively high

plasma dilution factor compared with Quick and POCT methods [3].

Consequently, the Owren INR assay is reported to have lower

sensitivity to interfering substances like LA [3]. Although we
confirmed in our study that the interference by LA is lowest in the

Owren INR method, we demonstrate that the low sensitivity to LA is

not a result of the high plasma dilution factor utilized by the Owren

assay. Our results illustrate that the Owren reagent remained insen-

sitive to interference by LA even at lower plasma dilutions.

Secondly, differences in the reagent composition have previously

been suggested to cause the difference in sensitivity to LA between

Owren INR and POCTorQuick INR [25]. Owren reagents are enhanced

with plasma concentration of bovine FV and fibrinogen [34] to preclude

clotting time prolongation by deficiencies of FV or fibrinogen. aβ2GPI

antibodies cause LA by binding to FV and inhibiting its activation by

activated FX [35]. Because of this, Owren INR is suggested to be less

sensitive to interference with aβ2GPI antibodies compared with Quick

and POCT methods [25]. Furthermore, the addition of high fibrinogen

concentrations can significantly shorten the PT in dogs [36]. The

fibrinogen added to the Owren reagents might act in a similar way,

potentially leading to an underestimation of the antibody effect. To test

this hypothesis, wemeasured INRvalues using the2Quickmethods and

the POCT INR method in the presence and absence of bovine FV and

fibrinogen. Our study demonstrated that the INR values measured by

Quick andPOCT INRmethods remained elevated evenwhen bovine FV



F I GUR E 6 Interference of international normalized ratio (INR) values by lupus anticoagulants is independent of fibrinogen concentration in

the INR reagents. Pooled normal plasma (PNP) was incubated with 200 μg/mL monoclonal anti–beta-2-glycoprotein I antibody (27G7; A–C) or

antiprothrombin antibody (28F4; D–F) in the presence or absence of added fibrinogen (10 μM). Results are shown as mean ± SD (n = 3). INR

measurements were performed using STA-Hepato Prest (A, E), STA-NeoPTimal (B, F), STA-Neoplastin R (C, G), or point-of-care test (POCT;

D, H) INR reagents. Ns, not significant.
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or fibrinogen was added, indicating that the decreased interference of

aPL in the Owren method is unlikely to be due to the addition of extra

FV and fibrinogen to the reagents.

Finally, earlier studies have demonstrated that recombinant

thromboplastins are more sensitive to the presence of LA [27]. This is

in line with our current work, which demonstrates that INR methods

utilizing recombinant thromboplastin display greater sensitivity to LA

compared with tissue-extract thromboplastin INR reagents. The

reason for the difference in sensitivity to LA remains unknown.

However, a possible explanation might be a difference in the phos-

pholipid composition and phospholipid concentration of the reagents

[37–39]. Furthermore, the source of TF could also play a role in the

increased sensitivity to LA. Previous studies have demonstrated that

the activity of natural TF is higher compared with recombinant TF

[40,41]. Moreover, recombinant thromboplastins display an increased

sensitivity for FVII levels [42–44]. However, the impact of these re-

ported differences on INR interference by LA requires further

investigation. Transparency from manufacturers regarding the re-

agent composition is essential to assess the role of these factors on

INR interference by LA.

To better understand the impact of aPL on INR measurements in

a clinical context, we also evaluated the interference of LA-causing
aPL on INR values in anticoagulated plasma. The interference of

aβ2GPI antibodies with LA activity on INR values was greater with

increasing INR baseline levels. A similar pattern was not observed for

aPT antibodies in this study. We demonstrate that this difference was

linked to the reduced concentration of prothrombin in anticoagulated

plasma. Specifically, as INR values increase, the concentration of

prothrombin in plasma decreases, resulting in a diminishing effect of

aPT antibodies.

Furthermore, our study illustrates that spiking with a combination

of aPT and aβ2GPI antibodies exceeded the degree of interference

observed in conditions with solely aPT or aβ2GPI antibodies. This

increased interference can be explained by a synergistic effect. As

mentioned before, aβ2GPI-β2GPI complexes bind to FV and inhibit the

activation of FV by activated FX, thereby causing LA [35]. In contrast,

aPT antibodies cause LA by competing with coagulation factors for

binding sites on phospholipids [35,45]. Combining the different

mechanisms of action employed by these antibodies further amplifies

the interference on INR measurements.

Overall, it is important to acknowledge that only 3 laboratory

assays and 1 commercial POCT device were tested in our study.

Variations in reagent composition and the thromboplastins utilized

among different manufacturers might influence its sensitivity to LA



GEHLEN ET AL. - 11 of 12
and should be taken into consideration. Furthermore, it is impor-

tant to note that antibody concentrations, especially the high

concentrations used in this study, might exceed the antibody titers

found in APS patients. Previous studies reported that monoclonal

antibody titers of 12.5 μg/mL to 60 μg/mL reflect the antibody

concentrations in patient samples [46,47]. In the current study, we

attempted to align with patient antibody titers by using the minimal

antibody concentration needed for LA activity. This minimum

concentration differed for monoclonal antibodies (50 μg/mL) and

isolated patient antibodies (100 μg/mL). Although these concen-

trations are in line with the previously reported antibody concen-

trations, the higher concentrations included in this study might

exceed the antibody titers found in the majority of APS patients.

This should be taken into consideration when interpreting the

results.

Another limitation of our study was the choice to use plasma

rather than WB for the POCT INR analysis. We opted for plasma due

to logistical reasons. Additionally, using plasma offers the advantage

that the exact same plasma sample can be utilized for the measure-

ment of both the POCT INR and laboratory INR values, ensuring

consistency across measurements. While we did assess the agreement

between plasma- and WB-POCT INR methods, it is essential to ex-

ercise caution when comparing the results of this study with WB-

POCT INR measurements. Finally, we acknowledge that the number

of patients used to assess the reliability of our plasma-POCT INR

measurements is low, which is a limitation of our study.

In conclusion, our study demonstrates an increased sensitivity of

recombinant thromboplastins to the presence of LA. This effect was

particularly apparent in the POCT INR method. Consequently, we

recommend that APS patients who test positive for LA should be

monitored using tissue-extract thromboplastins, given their reduced

susceptibility to interference by LA.
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