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A preconference workshop, preceding the Eleventh 
International Congress on antiphospholipid antibodies 
(aPL),  Sydney consensus conference established the  
update classification criteria for APS 

One clinical criteria (thrombosis or pregnancy loss) 

+
One laboratory criteria: anticardiolipin antibodies (no longer 
required the aCL ELISA to be β2GPI –dependent), Lupus 
Anticoagulant AND anti β2-GPI antibodies.  
[Positive 12 week apart]

SYDNEY, 2005 

Miyakis S et al. J Thromb Haemost 2006; 4: 295–306



Investigators are strongly advised to classify APS patients in studies 
into one of the following categories

SYDNEY, 2005 

I: More than one Laboratory criteria present (any combination)

IIa: Lupus Anticoagulant present alone

IIb: Anti-cardiolipin antibody present alone

IIc: Anti-2 glycoprotein-I antibody present alone

Miyakis S et al. J Thromb Haemost 2006; 4: 295–306



Patients fulfilling classification criteria are 
put  together in clinical studies  

Thus APS is diagnosed in the presence 
of  a single positive test* 

Classification criteria are often mistaken for 
diagnostic criteria

* The other two tests either negative or not performed



Clinical Studies 

Test non standardized 
Poor accuracy
No reference material

Single positive test
More than one positive test



No association with thrombosis  

Sole LA positivity (negative aCL and aβ2GPI)

Pengo V,   Thromb Haemost 2005; 93: 1147–52.

de Groot PGJ Thromb Haemost 2005; 3: 1993–7. 

Pengo V,   Arterioscler Thromb Vasc Biol 2007;27: 309–10.
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Carriers of sole LA positivity  

Pengo V et al. Thromb Res 2014



No association with thrombosis 

Sole aCL positivity (negative LA and aβ2GPI)

Ruffatti A J Thromb Haemost 2008; 6: 1693–6.

Runchey SS Br J Haematol 2002;119:1005–10.

Proven A Mayo Clin Proc 2004;79:467–75.
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De Laat B, JTH 2009



Anti-β 2 -glycoprotein I IgG antibodies from 1-year old healthy children born to 
mothers with systemic autoimmune diseases preferentially target domain 4/5: 

might it be the reason for their ‘innocent’ profile?

Andreoli L et al. Ann Rheum Dis 2010 

a) 1 year old healthy children born

to mothers with various SAD

b) Children with atopic dermatitis



IgG antibodies that recognize epitope Gly40-

Arg43 in domain I of β2-glycoprotein I cause 

LAC and their presence correlates strongly 

with thrombosis

Bas de Laat et al., Blood 2004
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IgG aβ2GP1-Dm1 and risk categories 

Pengo V et al. (Submitted)
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aCL ELISA and LAC activity of affinity-purified anti human ß2-GPI 
autoantibodies from triple positive patients

Affinity purified anti β2-glycoprotein I 
antibody preparations   

Control 
IgG

1 2 3 4 5

Protein 
[µg/ml]

75 61 39 49 68 34

β2GPI 
ELISA

0.015 2.378 2.658 2.297 2.242 2.255

aCL ELISA 0.005 2.081 2.037 1.645 1.806 1.648

dRVVT 
ratio

0.95 1.6 1.3 1.6 1.4 1.5

V.Pengo et al. Thromb Haemost 1999



Lupus anticoagulant/
Anti-cardiolipin antibodies/
Anti-2-glycoprotein I 
antibodies

Thrombosis 
(N=340)
no.(%)

No thrombosis
(N=278)
no.(%)

Odds Ratio

univariat
e

95% CI Multivariate
°

95% CI

LA+/aCL+/ab2+

LA+/aCL-/ab2-

LA-/aCL+/ab2+

LA-/aCL+*/ab2-

LA-/aCL-/ab2+

34 (10) 2 (1) 14.9 3.5-62.7 33.3 7.0-157.6 

0 (0) 5 (2) NA - NA -

18 (5) 13 (5) 1.2 0.6-2.5 2.2 1.0-5.2 

7 (2) 13 (5) 0.5 0.2-1.2 0.8 0.3-2.1 

4 (1) 4 (1) 0.9 0.2-3.5 1.3 0.3-5.7 

Antiphospholipid antibody profiles as risk factors 

of thrombosis

* > 40 GPL/MPL

V Pengo et al, 2005



Cumulative analysis of the prevalence and association with 
thrombosis of aPL profiles in 385 patients (3 studies)

Modified  from  Galli M. JTH 2010 (commentary)



Cumulative incidence of thromboembolic events 
in high risk triple positive APS patients (n=160)

Pengo V, JTH 2010



Cumulative incidence of thromboembolic events in the 
follow up period of 104 carriers of triple positivity for 

antiphospholipid antibody tests.

Pengo V, Blood 2011



Renal artery thrombosis and hypertension in a 13 year old girl with antiphospholipid syndrome

Pier Antonio Ostuni, Paolo Lazzarin, Vittorio Pengo, Amelia Ruffatti, Franco Schiavon, Pierfranca Gambari

Annals of the Rheumatic Diseases 1990; 49: 184-187

In April 1986 a 13 year old girl suddenly complained of severe cramping abdominal pain, accompanied by 

vomiting and a slight fever (37.5°C). After a few days gastrointestinal symptoms disappeared, while 

hypertension developed (blood pressure 180/140 mmHg) together with fever (39°C), convulsive seizures, 

oliguria, and haematuria.



Renal artery thrombosis and hypertension in a 13 year old girl with antiphospholipid syndrome

Pier Antonio Ostuni, Paolo Lazzarin, Vittorio Pengo, Amelia Ruffatti, Franco Schiavon, Pierfranca Gambari

Annals of the Rheumatic Diseases 1990; 49: 184-187

Treatment: Prednisone, Plasma exchange, cyclophosphamide, azathioprine



Definite thrombotic APS

• Triple positive patients (LAC positive, IgG or 
IgM aCL> 99th percentile, IgG or IgM ab2GPI> 
99th percentile) and proven venous/arterial 
thrombosis.



Definite thrombotic APS

Remarks

All the following reinforce the diagnosis of definite APS

• Young age (less than 50 years), 

• unprovoked VTE or VTE in unusual site or in microcirculation,  

• IgG isotype, 

• High titre of antibodies and strong LAC. 





Confirmation of the initial antiphospholipid antibody positivity depends on 
antiphospholipid antibody profile

• Consecutive patients referred to our Center initially positive to one or more tests 
exploring the presence of aPL were tested after 3 months. 

• During a four-years period 225 patients were initially positive to one or more test 
and 161 were available for confirmation after 3 months.

• Patients were classified as triple positive (n=54: LAC+, aCL+, aβ2GPI+, same 
isotype), double positive (n=50: LAC-, aCL+, aβ2GPI+, same isotype) and single 
positive (n=53: LAC or aCL or aβ2GPI antibodies as the sole positive test). 

Pengo V et al. JTH 2013



Characteristics at initial testing

Triple positive 

n=54

Double positive 

n=50

Single 

positiv

e* 

n=53

P

value

Age –yrs (mean±SD) 42±14 45±13 38±12 0.02

Female––no.(%)  42 (78) 48 (96) 49 (92) <0.01

Predominant IgG isotype––no.(%) 42 (78) 23 (46) NA 0.001

Autoimmune disorders—no.(%) 6 (11) 12 (24) 16 (30) 0.0504

Venous or Arterial Thrombosis––no.(%)   42 (78) 15 (30) 4 (7) <0.0001

Pregnancy loss––no.(%)   7 (13) 28 (56) 7 (13) <0.0001

Pengo V et al. JTH 2013
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Antiphospholipid profile and subsequent TE in obstetric APS

LA positive, aCL and a2GPI positive

aCL and a2GPI positive

Ruffatti  A, Pengo V et al. 2006



Pengo V et al. JTH 2013



Clinical criteria

1. Vascular thrombosis

Two subgroups of APS patients should be recognized,

according to: 

(a) the presence, and 

(b) the absence of additional risk factors for thrombosis.  

Miyakis S et al. J Thromb Haemost 2006; 4: 295–306



IgG aCL titre and laboratory profile

Ruffatti A, Pengo V et al. JTH 2008

Low aCL titre: higher probability that aCL is the only positive test



IgG aCL titre and clinical features

Ruffatti A, Pengo V et al. JTH 2008

Low aCL titre: higher probability of association with pregnancy morbidity



β2GpIβ2GpI β2GpIβ2GpI
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Antibodies to Domain I of β2Glycoprotein I are in close relation to patients risk

categories in Antiphospholipid Syndrome

Banzato A et al. Thromb Res 2011



Median Inhibition using 7µM of 

synthetic DmI in solution phase

Banzato A et al. Thromb Res 2011



Effect of LA-like aβ2GPI mAbs on 125I-β2GPI binding to phospholipids

No mAb

Takeya H, JCI 1997



Banzato A, Pengo V, in press

β2GPI concentration according to aPL antibody profile 



β2GPI concentration in quiescent and acute catastrophic APS

Banzato A, Pengo V, in press



High risk triple positive APS patients (n=160)

Pengo V, JTH 2010



Laboratory classification categories and pregnancy
outcome in patients with primary antiphospholipid

syndrome prescribed antithrombotic therapy

Ruffatti A, V Pengo Thromb Res 2009



Age –yrs (range) 45±15
Female––no.(%) 82 (79)
IgG isotype––no.(%)

--dRVVT mixing 
--IgG aCL (GPL)
--IgG aβ2GPI (U) 

IgM isotype––no.(%)
--dRVVT mixing
--IgM aCL (GPL)
--IgM aβ2GPI (U) 

Reason for initial testing––no.(%)
-prolonged aPTT
-autoimmune disorder         
-family history for thrombosis
-migraine

Autoimmune disorders—no.(%)

86 (83)
1.78±0.5
102±91

123±154
18 (17)

1.42±0.3
81±58
96±54

55(53)
39 (37)

4 (4)
2 (2)

-SLE 14 (13)
-Others 35 (34)

Risk for arterial thrombosis—no.(%) 34 (33)

Risk for venous thrombosis—no.(%) 30 (29)

Demographic and clinical characteristics of 104 triple positive carriers



Risk Factor Thrombosis

(N=25)

Controls

(N=79) Hazard Ratio

Univariate 95%CI Multivariate 95% CI

Age--yr 42.4 ± 14.2 45.3 ± 14.7 1.0 0.97-1.02 - -

Male sex—no.(%) 8 (32) 14 (18) 3.3 1.4-8.0 4.4 1.5-13.1

aCL titre (GPL) Units 95 ± 85 84 ± 91 1.0 0.99-1.01 - -

G isotype—no. (%) 22 (88) 64 (81) 1.7 0.5-5.6 - -

Associated autoimmune 

diseases—no.(%)

10 (40) 39 (49) 0.6 0.2-1.1 - -

Arterial risk factors-- no. 

(%)

8 (32) 26 (33) 0.9 0.4-2.2 - -

Venous risk factors—no.(%) 10 (40) 12 (15) 2.7 1.2-6.3 3.3 1.3-8.5

Aspirin prophylaxis—

no.(%)

7 (28) 30 (38) 0.4 0.1-1.1 - -

Risk factors for thrombosis in the follow up period

Pengo V, Blood 2011



Risk for thrombosis in antiphospholipid antibody carriers

Average annual rates of first cardiovascular events (including VTE) in caucasian 

normal population (); in single aPL positive carriers (■); 

and that shown in triple positive carriers in this study (▲).

Pengo V, Blood 2011



Possible thrombotic APS

• These are generally low risk patients with 
double positivity (LAC negative and aCL>99th , 
ab2GPI> 99th percentile, same isotype) and 
proven venous/arterial thrombosis.



Possible thrombotic APS

Remarks: 

• Possible relevant aβ2GPI antibodies are involved at a titre not sufficient to 
induce LAC activity in plasma. 

• Positivity for dRVVT becomes evident only when aCL concentration 
exceeds 50GPL units.  

• The clinical significance of lower amounts of antibodies remains unclear.

• Association with pregnancy morbidity



Unlikely thrombotic and/or obstetric APS

• Single positivity patients for LAC, aCL or 
aβ2GPI antibodies (classification categories 
IIa, IIb and IIc) and proven venous/arterial 
thrombosis. 



Unlikely thrombotic APS

Remarks

All the following support the exclusion of thrombotic APS

• Older age (>60), 

• Weak LAC or low titre aCL and aβ2GPI antibodies, 

• IgM isotype, 



A prospective, randomized clinical trial comparing rivaroxaban vs warfarin in  
high risk patients with  antiphospholipid syndrome (APS)  

Objective: 

In persistently triple aPL-positive APS patients with or without other systemic autoimmune

diseases, to determine the efficacy and safety of rivaroxaban 20 mg qd as compared to 
warfarin (INR 2.0-23.0) in thrombosis prevention of persistently triple aPL-positive APS 
patients. 

Type of study: 

Non inferiority trial

End point: 

Cumulative:  Thromboembolism, bleeding, total mortality.  

Sample size:

535 subjects (267 in the reference group and 268 in the treatment group)

Starts: 2014  Ends: 2017/8 



Definite APS was formulated during a post-conference 
workshop held in Sapporo, Japan, following the Eighth 
International Symposium on Antiphospholipid Antibodies

One clinical criteria (thrombosis or pregnancy loss) 

+
One laboratory criteria (β2-Glycoprotein I(β2GPI) dependent 
anticardiolipin antibodies (aCL) and Lupus Anticoagulant (LAC).  
[Positive six week apart]

SAPPORO, 1998 

Wilson WA et al. Arthr Rheum 1999;42:1309-11.



De Laat B, JTH 2009
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