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Thrombophilia is defined as a condition 
predisposing to the development of 
venous thromboembolism on the basis 
of a hypercoagulable state

Inherited Disorder
Acquired disorder



Inherited disorder

Loss-of-function mutations of the genes encoding natural 
anticoagulant proteins (protein C, protein S and 
antithrombin)
Gain-of-function polymorphism factor V Leiden and 
prothrombin G20210A 
Inherited Marker
non-O blood group

Acquired disorder

Antiphospholipid Antibodies



Piazza G, Circulation 2015

Thrombophilia classification



Mannucci PM, TH 2015

Prevalence of thrombophilia abnormalities and relative risk
of venous thromboembolism



Inherited disorders



The FUTURE

From
SINGLE 
Thrombophilic
alteration

Through
COMBINED 
Defects

To
ALGORITMS including
Thrombophilic and 
Acquired risk factors

From
A single mutation

To
Haplotype

1.

Genetic



The FUTURE …new hereditary
thrombophilic markers….

Family and twin studies indicate that genetics
accounts for about 60% of the risk for VTE.

Deficiencies of antithrombin, protein C and S are
rare and explain only about 1% of all DVTs.
Heterozigosity for factor V Leiden and prothrombin
G20210A are more common, but still only explain a
fraction of VTE events.

A large proportion of the heritability of
VTE remains unexplained.

2.



Inherited disorders: news



JTH, 2015

Inherited disorder AT deficiency



JTH, 2015

Inherited disorder Factor V Leiden

Aims:
to identify genetic determinants of recurrent VT
Methods:
We performed a genome wide association scan in 1279 patients with 
venous thrombosis from the MEGA follow-up study
Conclusion:
Our results reconfirm the association of FV Leiden with recurrent VT. In 
addition, we identified that may be associated 
with the risk of recurrent VT. For these loci replication and further studies 
are warranted



JTH, 2015

Inherited disorder Factor V Leiden

Aims:
To characterise a novel F5 mutation (A512V, FVBonn), linked to
APC resistance and clinically associated with deep vein thrombosis
Results
FVBonn conferred marked APC resistance to FV-deficient
plasma
Conclusion:
We have identified and characterized a novel F5 mutation
associated with APC resistance and deep vein thrombosis. Although
the FVBonn mutation does not directly affect an APC-cleavage site, it
is located close to the Arg506 cleavage site and causes APC resistance
with a mechanism similar to that of FVLeiden. Decreased susceptibility
to APC-catalysed inactivation and reduced APC-cofactor activity in
APC-catalysedFVIIIa inactivation both contribute to FVBonn associated
APC resistance.



JTH, 2015

Inherited disorder Factor V Leiden

Aims:
We aimed to identify new genetic risk factors for VT using targeted
Sequencing
Results
Single-variant association tests for 5218 common variants
showed 123 associations with VT risk (FDR < 0.20). Most of these
variants (89%) were located in F5, ABO, FGG/FGB/FGA, and the F11
region. Gene-based analyses showed a burden of rare variants in 9 genes.
Conclusion:
Using a targeted sequencing strategy we were able to identify
new genetic risk factors for venous thrombosis.



JTH, 2015

Inherited disorder Factor II 

Aims:
In order to examine the possible role of FII c.1824C>T variant
in pathogenesis of thrombophilia we performed case-control study
and determined the plasma prothrombin level in carriers of this gene
Variant
Results
We observed higher frequency of heterozygous carriers of FII
c.1824C>T gene variant in the patient group compared to the controls
(3.39% vs. 0.52%, P = 0.049). Presence of this variant leads to the
increase of prothrombin level in the plasma
Conclusion:
Our results indicate that FII c.1824C>T gene variant may
be a potentially important thrombophilia marker.



JTH, 2015

Inherited disorder ABO blood group

Aims:
To identify determinants of VTE risk in a large cohort of
women under COC and to evaluate the accuracy of a Family History
Score (FHS) to detect inherited thrombophilia
Results
After adjusting for age, family history, type and duration of COC use,
tobacco consumption and Body Mass Index (BMI) were associated
with VTE. In addition, severe heritable thrombophilia (OR = 2.23 [1.39–
3.66]) and non- O blood groups (OR = 1.85 [1.49–2.29]) were genetic risk 
factors for VTE
Conclusion:
This study shows for the first time the impact of ABO blood group on the 
risk of VTE in women under COC and confirms the inaccuracy of the 
family history to detect heritable thrombophilia, even using a family history 
score.



JTH, 2015

Inherited disorder Afibrinogenemia

Aims:
To report on long-term data of five HA patients with severe
thromboembolic complications, possibly due to lacking anti-thrombin
activity of fibrinogen (fbg)/fibrin
Results
After adjusting for age, family history, type and duration of COC use,
tobacco consumption and Body Mass Index (BMI) were associated
with VTE. In addition, severe heritable thrombophilia (OR = 2.23 [1.39–
3.66]) and non- O blood groups (OR = 1.85 [1.49–2.29]) were genetic risk 
factors for VTE
Conclusion:
Our data suggest regular fbg replacement therapy resulting in 
permanently measurable fbg levels to be a safe and effective 
treatment option in patients with HA and thromboembolic 
complications.



Acquired disorders



Acquired disorders: news



JTH, 2015

Aims:
To evaluate the sensitivity of the modified CAT according to
aPL reactivity in patients with aPL
Results
In the overall aPL population, compared to HC, significant
differences were observed for LT(P < 0.0001), PK (P = 0.02), and ACC
ratios (P = 0.001). In LA+ patients (n = 77), the LT ratio was the only abnormal 
parameter (P < 0.0001), irrespective of the association with either aCL-reactivity (n = 
2), aß2-GPI-reactivity (n = 8) or both (n = 27; P ≥ 0.13). LT wasalso prolonged in the 
35 LA- patients ((P = 0.04). ACC
and PK ratios were increased only in LA- patients (P < 0.0001), irrespective
of aPL reactivity (P ≥ 0.56)
Conclusion:
In the modified CAT assay, an isolated, marked prolongation of the LT 
parameter is the hallmark of lupus anticoagulants.

Lupus Anticoagualant Section



Dr. Wahl aimed to determine the value of APC resistance 
measured by thrombin generation to predict thrombosis in 
platelet-rich plasma of APS patients. In a prospective 
multicenter study consisting of 137 persistent anti-phospholipid 
positive patients, the IC-50 APC concentration was 
determined. This concentration proved to be a significant 
predictor for thrombosis, both in asymptomatic patients as in 
patients that already showed clinical symptoms. He concluded 
that there is a need for standardized protocols and cut-off 
determinations.

SSC-ISTH, 2015

Lupus AnticoagulantSection

APCr in antiphospholipid positive patients



Triple positivity now shows four main 
characteristics

1. High association with thromboembolic 
events;

2. No need for confirmation after 12 weeks;
3. Strong association with a single pathogenic 

autoantibody;
4. Method- and platform-independent 

detection.



A competitive inhibition ELISA developed by Pengo to demonstrate 
the presence of anti-domain I antibodies.

Using this assay, a strong correlation was found between anti-
domain I antibodies and triple positivity, as well as thrombosis. 
Interestingly, anti-domain I antibodies proved to be stable over time.

Discussion if these anti-domain I antibodies should be included in 
the APS criteria.

According to Devreese, due to the reduced sensitivity of the assay, 
the anti-domain I assay cannot replace the anti-β2GPI assay.

SSC-ISTH, 2015

Lupus AnticoagulantSection

Anti-domain I antibodies
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Otomo K, Artritis & Rheumat, 2012

OTOMO SCORE
Relative risk of clinical manifestations of APS for each aPL test



Multivariate logistic regression analysis showed that only arterial hypertension, 
hyperlipidaemia, LA, aCL, anti-b2GPI and aPS/PT were independent risk factors for 

thrombosis and/or PL

nb. assignment of points to risk factors was based on a linear transformation of the corresponding b-regression coefficient



aPL-S (Otomo) GAPSS (Sciascia)

LA, aCL, abeta2GPI 
and aPS/PT 
included

LA, aCL, abeta2GPI 
and aPS/PT 
included

APL Different LA tests
titres or IgG/IgM
represented as
different scores

LA pos or neg
Isotype not
considered

Other risk factors None Hypertension,
hyperlipidemia
included

Function Diagnosis of APS
Prediction of
thrombosis

Prediction of
thrombosis

aPL-S and GAPSS



Summary
The GAPSS is a valid tool for a risk stratification 
for thrombosis both in SLE patients positive for 

aPL as well as in primary APS

Since  in different patients population different cut-
off values of GAPSS are able to predict thrombosis, 

a refinements of scoring is needed

aPL score may still have a role in patients with 
autoimmune disease 

The combination of new sensitive lab markers 
(anti-D1, CAT?, others?) with GAPPS could 

furtherly improve to effort to identify the risk of 
events in the single subject



Comments

Until the results of trials will be available, VKAs remain 
the mainstay treatment in thrombotic APS



Ongoing trials on rivaroxaban in patients with APS

RAPS: Rivaroxaban in Antiphospholipid Syndrome 
randomized controlled phase II/III clinical trial, including only APS 
patients with previous venous events
(Lupus; May 4, 2015. doi: 10.1177/0961203315581207)

TRAPS: Rivaroxaban in Thrombotic Antiphospholipid Syndrome 
randomized controlled trial, including patients with all the 
clinical manifestations of APS, and with triple positivity
(https://clinicaltrials.gov/ct2/show/NCT02157272 Accessed May 13, 2015)



Arachchillage investigated if rivaroxaban influences LA assays and 
if anti-phospholipid antibodies affect the activity of rivaroxaban.
In vitro and ex vivo studies showed false positives with two 
commercial DRVVT assays at the peak concentration of 
rivaroxaban.
However, the Taipan venom time/Ecarin clotting (TVT/EC) time 
proved to be unaffected, allowing a reliable detection of LA.
Both by thrombin generation and rivaroxaban anti-Xa levels, she 
demonstrated that anti-phospholipid antibodies do not influence the 
activity of rivaroxaban.
In reply to a question she discourages the use of DRVVT tests in 
patients taking rivaroxaban but rather advises to incorporate the 
alternative TVT/EC test in each laboratory

Arachchillage SSC-ISTH , 2015

Lupus AnticoagulantSection

Rivaroxaban and LA assays



Cohen investigated if the superior results of rivaroxaban and other 
direct oral anticoagulants for the treatment of venous thrombosis can 
be extended to APS. 
The primary aim of the prospective RAPS study was to demonstrate, 
in patients with APS and previous venous thromboembolism that the 
intensity of anticoagulation (CAT, F1+2, DD) achieved with rivaroxaban
is not inferior to that of warfarin (percentage chang in ETP at 42 d). 
Secondary aims were to compare rates of recurrent thrombosis, SAE 
and all bleeding and the quality of life in patients on rivaroxaban with 
those on warfarin (f-up 6 months). 
Tissue factor-triggered thrombin generation was used to compare the 
inhibitory effects of the anticoagulants.

Cohen SSC-ISTH, 2015

Lupus AnticoagulantSection

RAPS Study



116 pts randomized

Primary aim: the intensity of anticoagulation achieved with 
rivaroxaban was inferior to that of warfarin in terms of ETP but not 
different considering all parameters of thrombogram and activation 
markers. 

Secondary aims : no thrombosis nor major bleeding after a 6-month 
period

Cohen SSC-ISTH, 2015

Lupus AnticoagulantSection

RAPS Study results



However, studies regarding its clinical applicability 
are still missing although there is considerable 
progress in understanding the interaction of 
extracellular DNA with the coagulation system

Cabrera-Fuentes,  SSC-ISTH 2015





















JTH, 2015

Aims:
We and others have previously identified elevated levels of DNA
in plasma from patients or animals with deep vein thrombosis. The
diagnostic and prognostic value of plasma DNA in VTE is not known.
We hypothesized that levels of plasma DNA or DNase1, the predominant
DNA-degrading enzyme in plasma, correlate with the extent of
VTE at diagnosis and are indicative of the clinical outcome
Results
-Plasma DNA and DNase1 were positively (P < 0.001) and
negatively (P < 0.022) correlated with the extent of VTE at enrollment, respectively. 
-Neither DNA nor DNase1 were associated with the clinical outcomes VTE recurrence or major 
bleeding,
-High DNA levels (top quartile) were predictive for mortality within 12 months post VTE diagnosis 
(adjusted HR 2.40, 95% CI 1.53–3.75, P < 0.001).
Conclusion:
Increased DNA and decreased DNase1 in plasma are associated with the extent of VTE at 
time of diagnosis. Quantification of DNA in plasma may help identifying patients at risk of 
dying within months after acute VTE.



JTH, 2015

Aims:
To measure the levels of these 3 circulating NET components in
plasma from 193 DVT patients and 198 healthy controls in order to
assess the role of NETs on the risk of DVT in vivo
Results
Patients with DVT had significantly higher levels of circulating
DNA, CP and MPO compared with controls ((P < 0.001). There was a significant correlation 
between the levels of DNA and CP both in cases (r = 0.245;P = 0.003) and controls (0.271, 
P = 0.001) and between CP and MPO in patients (r = 0.194, P = 0.024). Individuals with 
levels in the 4th quartile (Q) of controls had a significant increase in the risk of VTE 
compared with those in the 1st Q. Multivariate analysis including the 4th Q of DNA, CP and 
MPO showed a significantly increased OR only for DNA (15.6; 1.2–203.0).
Conclusion:
Increased levels of DNA, CP and MPO were associated with a significant increase in 
the risk of DVT. 
The multivariate analysis suggests that the increased VTE risk is via the increase in 
DNA levels. 
These results support the potential use of DNase as a new therapeutic tool for DVT 
prevention or thrombolysis.



Schultz C, JTH 2013



Schultz C, JTH 2013

Activation of blood coagulation in immunothrombosis and DVT



Schultz C, JTH 2013

NET formation is a feature of immunothrombosis and DVT



Gould TJ, JTH 2015



Modulation of coagulation, inflammation, and fibrinolysis by
cell-free DNA and histones

Gould TJ, JTH 2015



Functional properties of cell free DNA and histones

Gould TJ, JTH 2015



Conclusion

Gould TJ, JTH 2015

-cfDNA and histones exert both protective and harmful effects to

the host.

-Elevated levels of these molecules appear to have prognostic

value in predicting poor outcome.

-In pathologic conditions characterized by excessive activation

of coagulation and inflammation, pharmacological strategies

that inhibit NETosis or that neutralize the toxic effects of cfDNA

and histones are of great clinical interest.

-It is possible that combination therapies that reduce

coagulation and inflammation, as well as promote thrombolysis,

would be the most beneficial.



Women’s health and thrombophilia



Qualitative levels and hemostatic direction of hormone 
changes during normal pregnancy

Blecker S,  Blood  Review 2014



Risk of pregnancy-related VTE in thrombophilic women 
stratified by family history for VTE

Blecker S,  Blood  Review 2014



“Inherited thrombophilias are not yet 
established as a cause of placenta-mediated 
pregnacy complication, such as fetal growth 

restriction, preeclampsia, abruption, and 
pregnancy loss. 

An inherited thrombophilia is only one of many 
factors that lead to development of these 
diseases and is unlikely to be the unique 
factor that should drive management in 

subsequent pregnancies.”
Obstetrics & Gynecology, 2008



CONCLUSIONS: Women with FVL appear to be at a small 
absolute increased risk of late pregnancy loss. Women 
with FVL and PGM appear not to be at increased risk of 
pre-eclampsia or birth of SGA infants.

10 Studi prospettici di coorte

2010

“Further research is required  to determine if 
FVL and PGM are associated with placental 
abruption and whether PGM is associated 

with important increases in pregnancy loss”.







…



JTH, 2015

Aims:
From 2009 almost 60 centres have participated.: 1. Women with hormonal therapy or 
pregnancy related thrombosis disease, 2. Women with history of VPC, 3. 
Thromboprophylaxis in women with VPC, 4. Thromboprophylaxis in women with 
thrombophilia.
Results
The most frequent thrombophilic factors were FII G20210A
factor V Leiden polymorphisms and new risk factors such as high factor VIIIc levels.The
most frequent factors in the VPC profile were the presence of antiphospholipid antibodies , 
high factor VIIIc levels, deficiency of protein S (10 women), and also 12 women were 
carriers of the allele A1 of the genotype ABO and homozygous polymorphism F12 46C/T 
Conclusion:
New thrombophilia factors seem to be important in this scenario such
as Factor VIIIc and homozygous polymorphism F12 46C/T and the
allele A1 (genotype ABO)

Thrombophilia and Women’sHealth



Cumulative incidence of venous thrombosis (VTE) for the first three years after
IVF/ICSI, compared with the incidence in the reference population

Hansen AT, Human Reproduction, 2012

30,884 Danish women undergoing 75,141 treatment (IVF/ICSI): National Patient and IVF Registry



Cumulative incidence of arterial thrombosis (AT) for the first three years after 
IVF/ICSI, compared with the incidence in the reference population

Hansen AT, Human Reproduction, 2012



Incremento del rischio trombotico in caso di OHSS

Incremento del rischio trombotico prevalentemente 
venoso nel corso di tutta la gravidanza ed in 
particolare nel primo trimestre  e nelle prime 
settimane del post partum

Non incremento del rischio trombotico arterioso a 
lungo termine 

PMA

Più alta incidenza di ipertensione e stroke ma non 
malattia coronarica



ICSI IVF

similar to changes seen during pregnancy

Pro-coagulant changes:

Increased coagulation factors

Decreased natural anticoagulant 
activity

Reduced fibrinoltytic activity



Thrombophilia screening after repeated failures in 
assisted reproductive techniques - FIRsT registry 
introduced.
A prospective registry aiming to collect data on whether 
there is benefit in giving LMWH to improve ART outcomes. 
Plan to collect and evaluate data on the 1st cycle after 2 
or more ART failures. In addition aim to collect and 
evaluate thrombophilia screening data if available. 
OTTILIA registry update presented.
OTTILIA is an observational study on antithrombotic 
prevention in thrombophilia and pregnancy loss. To date 
114 centers involved with 122 women recruited (143 
pregnancies).

Grandone E, SSC-ISTH, 2015

Thrombophilia and Women’sHealth

FIRsT and OTTILIA Registry
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