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Sub-atomic particles Lupus anticoagulants Extra-solar planets 

Detected by inference 

 

Based on exclusion of other possible causes of our findings 



The problem with detection by inference is specificity….. 

All LA assays are ‘global’ tests designed to detect the antibodies based on the 

assumption (hope?) that everything else about the patient’s coagulation is normal 

Intrinsic pathway-based assays 

APTTs LA-responsive APTT 

 dAPTT 

 KCT 

 SCT 

Extrinsic pathway-based assays 

 dPT 

 ASLA  

Common pathway-based assays 

FX activation dRVVT 

 VLVT 

Non-LA causes of screening test elevation 

Deficiencies of factors I, II, V, VIII, IX, X, XI, XII, PK, HMWK 

Anticoagulation with VKA, UFH, (LMWH), Direct-FXa, DTI 

Non-phospholipid-dependent inhibitor 

Aprotinin 

Shortening of screening test 

Elevated FVIII, FIX 

Elevated fibrinogen 

Non-LA causes of screening test elevation 

Deficiencies of factors I, II, V, X          (dPT only FVII, VIII, IX) 

Anticoagulation with VKA, Direct-FXa, DTI, (UFH) 

Non-phospholipid-dependent inhibitor 

Non-LA causes of screening test elevation 

Deficiencies of factors I, II, V, X 

Anticoagulation with VKA, Direct-FXa, DTI, (UFH) 

Non-phospholipid-dependent inhibitor 

Common pathway-based assays 

FII activation Textarin time 

 TSVT  

Non-LA causes of screening test elevation 

Deficiencies of factors I, II 

Anticoagulation with UFH, DTI 

Non-phospholipid-dependent inhibitor 



‘Traditional’ diagnostic criteria 

•  Prolongation of at least one phospholipid-dependent coagulation test 

 

 

 

•  Evidence of inhibitory activity demonstrated by the effect of test plasma on NPP 

 

 

 

•  Confirmation of the phospholipid-dependent nature of the inhibitor 

 

 

 

•  Exclusion of other causes of elevated clotting times that can mask, mimic or co-exist with LA 

Screen 

Mix 

Confirm 

Routine PT & APTT 

Thrombin & Reptilase time 

Factor assays 

anti-Xa or DTI assay 

Telephone call 



Why do we need guidelines? 

Antibody heterogeneity  epitope specificity 

    concentration / avidity / affinity 

 

 

Reagent variation   activators 

    phospholipid 

 

 

Analyser end-point detection  tilt-tube 

    mechanical 

    photo-optical 

 

 

No gold standard assay  no such thing as a LA assay 

 

 

No reference preparation  what do you compare with? 

 

 

Different interpretation strategies clotting times 

    normalised ratios 

    calculations for PL-dependence  

    mixing test interpretation 



2009 

2014 

2012 





 

Committee comprised of 24 members from 7 countries representing 

academia, reference & hospital laboratories, EQA programs, industry, and 

government. Includes past & present ISTH-SSC & BCSH guideline authors. 



Blood collection   

105 – 109 mmol/L tri-sodium citrate 

 

 

Preparation of plasma samples 

Double centrifugation 

 

Platelet count <10 x 109/L 

 

Filtration through 0.2 μm filters or ultracentrifugation not recommended 

 

Samples should not be repeatedly thawed and frozen 

 

Store at -70°C 

Pre-examination issues 



Preliminary coagulation screen 
 

 

Prothrombin time, APTT, thrombin time 

 

 

  ●  Exclude undiagnosed coagulopathies or undisclosed anticoagulation 

  ●  Assess severity of known coagulopathy or degree of anticoagulation 

  ●  Assess which subsequent LA assays may be affected 

 ●  May suggest presence of a LA 

 ●  Assess sample integrity 

 

   

 

Employ LA-unresponsive ‘routine’ APTT 

 

 ●  reduce serendipitous findings of LA in asymptomatic patients 

 ●  if normal, can interpret results from LA-responsive APTT at face value 

Metjian & Lim. Hematology Am Soc Hematol Educ Program. 2009:247-249; Erkan D et al. Arthritis Rheum. 2007;56(7):2382-2391 



Which tests to use and how many? 



 
No single test is sensitive to all LA – use (at least) 2 tests of different principles  
 
 
 
 
 
Risk of false-positive results increased to unacceptable level if >2 tests performed 
 
 
dRVVT & APTT  -  potential inconsistency between techniques used for additional test methods   
 
 
Some patients will generate an elevated screening test with at least one test/reagent type 
 
 
Chances of this occurring increase as more tests performed  
 

Numbers of screening tests 

 
•   genuine LA unreactive in other reagents 
 

•   ‘weak’ LA 
 

•   discrete analytical error 
 

•   merely because the patient is a natural statistical outlier for that reagent/analyser pairing  
 

•   ethnic differences 



 

>2 screening tests may well result in more positive individual screening test results 

 
Applying confirmatory test(s) will not lead to more positive overall interpretations 

 
Outliers and non-PL dependent abnormalities will commonly generate concordant 

screen and confirm results 

Numbers of screening tests 



LA screening tests 
dRVVT  APTT 

dRVVT & LA-responsive APTT is a sensitive & specific pairing that will detect most LAs 

 

APTT less specific than dRVVT 

 

dRVVT sensitive to β2GPI-dependent antibodies & correlates well with APS/thrombosis 

 

Between-reagent variability exists for both dRVVT & APTT with respect to LA detection  



Russell’s viper 

(Daboia russelli) 



APTT-based assays – only employ silica activator? 

1.0 

4.0 

3.0 

2.0 

Silica 

Silica 

Silica 

Ellagic 

acid 
Ellagic 

acid 

Ellagic 

acid 

Poly-

phenols 

Median 

normalised  

screen ratio 

20 LA+ve samples 

 

APTT (s) 

RI mean (s) 

  

Kershaw et al, Semin Thromb Hemost 2012;38:375-384 





 
Kaolin Clotting Time 
   
 
Poor reproducibility compared with other assays 
 
 
Low turbidity, slow settling reagents available 
 
 
Sensitive assay in experienced hands 
    

 
Dilute Prothrombin Time 
   
 
Thromboplastin variability - although high sensitivity with recombinant thromboplastin 
 
 
Clinical experience indicating detection of clinically significant antibodies 
 
 
Standardised kit  
 
            - suggestion that LA detection improved when dRVVT & APTT accompanied by dPT 
   

Evidence that some LA preferentially manifest in extrinsic pathway-based assays  

Liestøl S et al.. Thromb Res 2002;105:177-182; Mackie IJ et al. Thromb Res 2004;114:673-674; Devreese KMJ. Thromb 

Res 2008;123:404-411; Lawrie AS et al. J Thromb Haemost 2005;3 (Suppl 1) P1817; Galli M et al. Blood. 

2007;110:1178-1183; Moore GW et al. Blood Coagul Fibrinolysis 2002;13:261-269; Martinuzzo M et al. Thromb Haemost 

2005;93:1007-1009; Moore GW et al. Clin Appl Thromb/Haemost 2008;14:332-337 





 
Group D prothrombin activator 
 
Textarin time 
 
 



 
Group A prothrombin activator 
 
Ecarin/Echis time 
 



 
Group C prothrombin activator 
 
Taipan snake venom time (TSVT) 
 
Insensitive to VKA effect 

 
Group C prothrombin activator 
 
Taipan snake venom time (TSVT) 
 
 

http://www.flickr.com/photos/gondwanareptileproductions/9505793167/
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Taipan, Textarin & Ecarin venoms 



Reference interval mean clotting time for calculating ratios 

Normal Pooled Plasma 

dRVVT 

screen (s) 

dRVVT 

confirm (s) 

dAPTT 

screen (s) 

dAPTT  

confirm (s) 

 

CRYOcheck™ frozen normal pool mean 

 

 

44.0 

 

37.8 

 

36.0 

 

42.8 

 

Locally prepared frozen normal pool mean 

 

 

44.8 

 

34.8 

 

38.1 

 

40.3 

 

Technoclone lyophilised platelet poor 

plasma mean 

 

47.4 

 

35.9 

 

42.8 

 

46.8 

 

Reference interval mean (s) 

 

 

43.8 

 

37.6 

 

41.4 

 

45.9 

CRYOcheck™ frozen normal pool virtually identical to RI means for dRVVTs 

 

   

Technoclone lyophilised platelet poor plasma closest to RI means for dAPTTs 

 

 
Moore GW et al. Lupus anticoagulant detection: out of control? Int J Lab Haematol 2013;35:128-136 



False positive or negative results with unsuitable NPP 

Ref. interval dRVVT screen dRVVT confirm dAPTT screen dAPTT confirm 

Clotting times (s) 37.1 – 51.1 33.8 – 41.4 33.1 – 49.7 37.6 – 54.2 

Ratios  0.85 – 1.17 0.90 – 1.10 0.80 – 1.20 0.82 – 1.18 

False negative dRVVT screen: 54.7 s     =     1.15  54.7 s     =     1.25 

   47.4 s   43.8 s 

   Technoclone NPP  RI mean 

False positive dAPTT screen: 47.0 s     =     1.31  47.0 s     =     1.14 

   36.0 s   41.4 s 

   CRYOcheck NPP  RI mean 

False negative dAPTT interpretation: 51.6 s     =     1.35  51.6 s     =     1.25 

   38.1 s   41.4 s 

   Local NPP   RI mean 

Confirmatory tests  50.5 s     =     1.25  50.5 s     =     1.10 

   40.3 s   45.9 s 

   Local NPP   RI mean 

% correction (<10)  7.4   12.0 
 



Mixing test 

Perform on 1:1 mixture with NPP 

 

Evaluate with Index of Circulating Anticoagulant (ICA) or mixing test-specific cut-off 

Dilution effect can obscure ‘weak’ LA 
 

ISTH-SSC 1995 & 2009 

 

BCSH     1991, 2000 & 2012 

2012 



Paradigm shift in test order 

 

Order of testing algorithm: screening, confirmatory, mixing 
 
 
 
 
 
H-60 assigns a lower priority to a mixing test because of its limitations 
 
 
 
 

Prioritises the demonstration of PL dependence of the antibody over 

showing inhibitory action of LA in an assay principle known to 

compromise detection 



When to omit the mixing test 

Test   Result      RI 

PT (s)        (DXa-sensitive) 11            (10 -12) 

APTT (s)   (LA-unresponsive) 27            (22 – 30) 

TT (s)   13            (12 – 15) 

 
 

dRVVT screen ratio  1.42         (0.84 – 1.18) 
 

dRVVT confirm ratio 0.98         (0.88 – 1.12) 

 

% correction  31.0         (<10) 
 

Screen/confirm ratio  1.45         (<1.15) 

 
 

dRVVT 1:1 mix ratio  1.08         (0.90 – 1.10) 

 

Mixing test can be omitted only if:     
 

(i)   LA screening test elevated 

(ii)  Associated confirm test corrects mathematically AND into reference interval 

(iii) No evidence of other causes of elevated clotting times 



 
Confirm result in LA +ve patients does not always shorten to within the RI 
 
 
                  Elevated confirm:   potent/avid LA 
 
               co-existing abnormality 
 

When to use mixing tests 

dRVVT screen ratio     1.98       (0.84 – 1.18) 

dRVVT confirm ratio      1.35       (0.88 – 1.12) 
 

% correction     31.8         (<10) 

Screen/confirm ratio     1.47         (<1.15) 

dRVVT screen ratio     1.98        

dRVVT confirm ratio     1.85        
 

% correction       6.6        

Screen/confirm ratio     1.07        

Mixing test screen ratio    1.59     (0.90 – 1.10) 

Mixing test confirm ratio   1.54     (0.89 – 1.10) 
 

Non-phospholipid dependent inhibitor 

Mixing test screen ratio    1.01  

Mixing test confirm ratio   1.02    
 

Factor deficiency 

Mixing test screen ratio    1.42   

Mixing test confirm ratio   1.08 
 

Lupus anticoagulant 

 
Lupus anticoagulant co-factor effect 
 

dRVVT screen ratio       1.29  

dRVVT confirm ratio       1.12     
 

Mixing test screen ratio   1.98 

Mixing test confirm ratio  1.08      



Algorithm 

LA detected by 

dRVVT & dAPTT 

Above RI Above RI 

  dRVVT    

screen & confirm              

on 50:50 mix  

dRVVT APTT 

PT  Normal 

APTT  Normal 

TT Normal 

Fibrinogen Normal 

PT  Normal 

APTT  Elevated 

APTT 50:50 Elevated 

TT Normal 

Fibrinogen Normal 

PT  Normal 

APTT  Elevated 

APTT 50:50 Normal 

TT Normal 

Fibrinogen Normal 

dRVVT 

confirm on 

neat plasma 

dAPTT 

confirm on 

neat plasma 

1. Correction 

2. Confirm ratio       

    within RI 

1. Correction 

2. Confirm ratio       

    within RI 

1. Correction 

2. Confirm ratio       

    above RI 

1. Correction 

2. Confirm ratio       

    above RI 

  dAPTT       

screen & confirm              

on 50:50 mix  

Confirm result in LA +Confirm result in LA +veve patients does not always shorten to within the RIpatients does not always shorten to within the RI

Elevated confirm:   potent/avid LAElevated confirm:   potent/avid LA

coco--existing abnormalityexisting abnormality

When to use mixing testsWhen to use mixing tests

dRVVT screen ratio 1.98       (0.84 – 1.18)

dRVVT confirm ratio 1.35       (0.88 – 1.12)

% correction 31.8         (<10)

Screen/confirm ratio 1.47         (<1.15)

dRVVT screen ratio 1.98       

dRVVT confirm ratio 1.85       

% correction 6.6       

Screen/confirm ratio 1.07       

Mixing test screen ratio    1.59     (0.90 – 1.10)

Mixing test confirm ratio   1.54     (0.89 – 1.10)

Non-phospholipid dependent inhibitor

Mixing test screen ratio    1.01 

Mixing test confirm ratio   1.02   

Factor deficiency

Mixing test screen ratio    1.42  

Mixing test confirm ratio   1.08

Lupus anticoagulant

Lupus anticoagulant coLupus anticoagulant co--factor effectfactor effect
dRVVT screen ratio 1.29 

dRVVT confirm ratio 1.12    

Mixing test screen ratio   1.98

Mixing test confirm ratio  1.08     

Confirm result in LA +Confirm result in LA +veve patients does not always shorten to within the RIpatients does not always shorten to within the RI

Elevated confirm:   potent/avid LAElevated confirm:   potent/avid LA

coco--existing abnormalityexisting abnormality

When to use mixing testsWhen to use mixing tests

dRVVT screen ratio 1.98       (0.84 – 1.18)

dRVVT confirm ratio 1.35       (0.88 – 1.12)

% correction 31.8         (<10)

Screen/confirm ratio 1.47         (<1.15)

dRVVT screen ratio 1.98       

dRVVT confirm ratio 1.85       

% correction 6.6       

Screen/confirm ratio 1.07       

Mixing test screen ratio    1.59     (0.90 – 1.10)

Mixing test confirm ratio   1.54     (0.89 – 1.10)

Non-phospholipid dependent inhibitor

Mixing test screen ratio    1.01 

Mixing test confirm ratio   1.02   

Factor deficiency

Mixing test screen ratio    1.42  

Mixing test confirm ratio   1.08

Lupus anticoagulant

Lupus anticoagulant coLupus anticoagulant co--factor effectfactor effect
dRVVT screen ratio 1.29 

dRVVT confirm ratio 1.12    

Mixing test screen ratio   1.98

Mixing test confirm ratio  1.08     



Standard algorithm 

Within RI Within RI 

LA not detected by 

dRVVT & dAPTT 

Above RI Within RI Within RI Above RI Above RI Above RI 

dRVVT 

screen on 

50:50 mix  

Above RI 

or ICA 

dRVVT 

confirm on 

neat plasma 

Correction 

LA 

detected 

by dRVVT 

Normal 

LA not 

detected 

by dRVVT 

& dAPTT 

dAPTT 

screen on 

50:50 mix  

Above RI 

or ICA Normal 

dAPTT 

confirm on 

neat plasma 

Correction 

LA not 

detected 

by dRVVT 

& dAPTT 

LA 

detected 

by dAPTT 

dRVVT 

screen on 

50:50 mix  

dAPTT 

screen on 

50:50 mix  

Above RI 

or ICA 

Above RI 

or ICA 

dRVVT 

confirm on 

neat plasma 

dAPTT 

confirm on 

neat plasma 

Correction Correction 

LA detected by 

dRVVT & dAPTT 

dRVVT APTT dRVVT dRVVT dRVVT APTT APTT APTT 



Confirmatory test for phospholipid dependence 

                 

  

(i)    Normalised test/confirm ratio            screen normalised ratio 

          confirm normalised ratio 

Screen & confirm must be based on the same test principle 

Independent tests  

APTT + platelet neutralisation procedure  (delta) 

                 

  

(ii)    % correction of ratio               (screen ratio – confirm ratio)   x 100% 

                                     screen ratio   

 

Paired tests  

Screen (low PL) and confirm (high PL) e.g. dRVVT, SCT, dPT 

Integrated tests  

APTT-based hexagonal phase neutralisation test (delta) 



Cut-off values 

Cut-off values should be specific for reagent/analyser pairing 

 

Aligns with CLSI C28-A3 

 

Clotting assays, including APTT, dRVVT & dPT have Gaussian distributions (parametric appropriate) 

 

≥40 donors & calculate mean ±2SD 

 

Will generate 2.5% tails but composite LA testing not just screen result reveals whether LA present or not 

 

Reference intervals can be established by transference 

Historically: mean + 2SD (97.5th percentile) 

99th percentile (mean + 2.3SD if Gaussian) would improve specificity but reduce sensitivity 

Large numbers of normal donors needed to estimate 97.5th or 99th percentiles with accuracy 



LA testing during VKA anticoagulation 

 
Utility of testing undiluted plasma is disputed 
 
 
Perform screen & confirm on 1:1 mixtures with NPP 
 
 
Positive result is diagnostic but negative result does not exclude a weak LA 
 
 
TSVT + Ecarin time or platelet neutralisation procedure useful secondary testing  
 
 
No limits placed on INR values  
   

 

INR 

 

dRVVT 

 

Confirm 
 

2.0 – 4.5 

 

0.84 – 1.18 

 

0.88 – 1.12 
 

3.8 

 

2.87 

 

2.39 

 

1:1 screen 

 

1:1 confirm 
Screen/confirm 

ratio 

% 

correction 

 

0.90 – 1.10 

 

0.89 – 1.10 

 

< 1.15 

 

<10% 
 

1.46 

 

1.07 

 

1.36 

 

26.7 

 

1:1 screen 

 

1:1 confirm 
 

0.90 – 1.10 

 

0.89 – 1.10 
 

1.07 

 

1.00 



 

Table of 

interferences, 

including 

anticoagulant 

therapy 

 

Guide to 

interpreting 

composites, 

including 

detection of LA 

during 

anticoagulant 

therapy 



 

Area of 

recommendation  

 

                            2009 

 

                               2012 

 

                                             2014 

Sample preparation Double centrifugation 

Assays to use dRVVT & APTT dRVVT 

plus APTT or others 

dRVVT & APTT 

+/- others 

Testing order Screen – Mix - Confirm Screen – Confirm - Mix 

Ratio derivation NPP denominator RI mean denominator 

Reference 

interval/cut-offs 

99th percentile 97.5th percentile 

(if Gaussian) 

97.5th percentile 

(if Gaussian) 

Phospholipid-

dependence 

calculations 

% correction of screen by confirm 

 

LA ratio (screen/confirm) 

Mixing test Perform on 1:1 mixture with NPP 

 

Interpret with ICA  

or  

mixing test-specific cut-off 

Perform on 1:1 mixture with NPP Perform on 1:1 mixture with NPP 

      

  Interpret with ICA 

 or  

mixing test-specific cut-off 

Testing patients on 

VKAs 

Undiluted plasma if INR <1.5 

 

Mix with NPP if INR >1.5 <3.0 

Screen & confirm on 1:1 mix with NPP 

 

TSVT + ET or PNP 

Screen & confirm on 1:1 mix with NPP 

 

TSVT + ET or PNP 

Testing patients on 

UFH 

Interpret with caution Can detect LA in some cases where heparin neutraliser is effective 

Interpretive 

reporting 

Recommended 

Summary 
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