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Venous Thromboembolism (VTE)

✓ Venous thrombosis is the process of clot formation

within veins.

✓ Clot formation occurs predominantly in the vessels of

the legs, giving rise to deep venous thrombosis (DVT),

or in the lung, resulting in pulmonary embolism (EP).



Epidemiology

✓ VTE occurs for the first time in 1-2 per 1000 person-

years.

✓ VTE has a high prevalence both in the community and

in the hospitals, and brings a considerable burden of

morbidity and possible mortality.

✓ Despite anticoagulant therapy, VTE after the initial

event has a recurrence rate of ~7% at 6 months.

✓ Death occurs in ~ 6% of DVT cases and 12% of PE

cases within 1 month of diagnosed.



Virchow’s Triad:

1. Alteration in blood flow

2. Vascular endothelial injury

3. Hypercoagulability of blood

Pathogenesis of 

VTE

- inherited hypercoagulability

- acquired hypercoagulability
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Eziopatogenesi della
malattia trombotica

• Trombosi venosa (trombo rosso)

- Riduzione del flusso sanguigno

- Ipercoagulabilità

Mackman , 2008



Eziopatogenesi della
malattia trombotica

• Trombosi arteriosa (trombo bianco)

- Elevato stress del circolo

- Lesione vascolare (rottura placca)

- Alterazioni Piastriniche

Mackman,  2008



✓ bedrest or prolonged immobilization

✓ congestive heart or respiratory failure

✓ stroke

✓ myocardial infarction

✓ leg injury

✓ lower extremity paralysis 

✓ extended air travel, “economy class syndrome”

1. Alteration in blood flow 



2. Vascular endothelial injury

✓ trauma

✓ recent major surgery

✓ malignancy

✓ presence of a central venous catheter

✓ hIstory of DVT

✓ varicose veins

✓ chemotherapy

✓ intravenous drug use
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3. Inherited hypercoagulability

✓ defects of Antithrombin

✓ defects of Protein S

✓ defects of Protein C

✓ APC resistance (Factor V Leiden)

✓ G20210A Prothrombin gene mutation

✓Other prothrombin mutations

✓ dysfibrinogenemia

✓increased levels of factor VIII, IX, XI



3. Aquired hypercoagulability

✓  antiphospholipid syndrome (APS)

✓ hyperhomocysteinemia

✓ malignancy

✓ obesity

✓ prolonged bed stays, especially in the elderly

✓ myeloproliferative disorders

✓ paroxysmal nocturnal hemoglobinuria (PNH)



Rosenberg RD 1999



RISK FACTOR /

CLINICAL CONDITION

Venous

stasis

Vascular

injury

Haemostatic

activation
COMMENTS

IMMOBILIZATION +++
_

+
Venous pooling

fibrinolitic activity due to loss of flow

SURGERY, POST-

OPERATIVE STATE
++ ++ +

Forced immobilization

Direct vascular injury

TRAUMA ++ ++ ++
Forced immobilization

Direct vascular injury

ACVANCED AGE + + +

Impaired mobility

Chronic vascular disease

baseline thrombin generation

MALIGNANCY ++ + ++

Impaired mobility

Venous compression by tumor

Release of procoagulants and

thromboplastins

ADVANCED CHF ++
_ _ Impaired mobility

Impaired venous flow

PRIOR DVT,

CHRONIC STASIS,

VARICOSE VEINS

+++ ++
_ Venous pooling

Prior vessel wall damage

PREGNANCY,

POST PARTUM
+++

_
+

Impaired mobility

Impaired venous flow

 PS and AT levels

ORAL CONTRACEPTIVE

TREATMENT

_ _
++  PS and AT levels

LUPUS ANTICOAGULANT /

APA SYNDROME
_

+ ++

Vascular injury-vasculitis

Impaired fibrinolysis

Impaired PC activation

Potential thromboembolic mechanism in the hypercoagulable states 

(acquired conditions)



Pathogenesis of VTE: 

evidence of multiple interrelated cases

✓ VTE is the result of interactions among 

multiple genetic and enviromental risk factors. 

✓Individual risk factors, or combinations of 

them, can have important implications for the 

type and duration of appropriate prophylaxis.

✓ About 50% of DVT are still defined as 

“idiopathic”.



Annual incidence of VTE according to age

• < 20 years 1:100000 persons

• 20 -40 years 1:10000   persons

• 41-75 years 1:1000     persons

• >75 years 1:100       persons



Interrelation F.V Leiden / OCT
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A MULTIFACTORIAL MODEL FOR 

THROMBOSIS IN YOUNG WOMEN WITH 

THROMBOPHILIA ON HORMONAL THERAPY

Obesity, etc



THROMBOPHILIA

A clinical condition characterised by

increased tendency to venous thrombosis

which may develop spontaneously and at

young age and which cannot be satisfactorily

explained by acquired risk factors.



CLINICAL MANIFESTATIONS OF THROMBOPHILIA

Family history of venous thromboembolism involving 

males and females

Spontaneous or risk period related venous 

thromboembolism at a young age (<45 years)

Recurrent venous thromboembolism

Thrombosis in unusual site (cerebral sinuses, mesenterial, 

portal)

Recurrent foetal loss, Preeclampsia, HELLP syndrome

Vitamin K antagonist-induced skin necrosis

Neonatal purpure fulminans

Heparin resistance

1.

2.

3.

4.

5.

6.

7.

8.







Fibrinolytic potential/

inhibition

TAFIa

TAFI



THE HEMOSTATIC / 

THROMBOTIC BALANCE

PRO ANTI



Thrombophilia

Inherited and acquired thrombophilic conditions

Inherited Acquired

Antithrombin deficiency
 Protein C deficiency
 Protein S deficiency
 Factor V Leiden
 Prothrombin 20210 mutation

 Increased levels of coagulation factors 
    (Factor IX Padua)
 Prothrombin defects (AT resistance)

 Disorders of plasmin generation
 Dysfibrinogenemia
 Hyperhomocysteinemia
 Blood group

UNKNOWN

Pregnancy
 Immobility/Surgery
 Trauma
 Hormonal therapy
 Antiphospholipid syndrome
 Malignancy
 Myeloprolipferative disorders
 HIT
 PNH
 Behcet’s disease
 Nephrotic syndrome



Thrombophilia and risk of thrombosis

Campello E. et al. Expert Rev Hematol 2019



Thrombophilia

TROMBOFILIA lieve

✓ Fattore V Leiden eterozigote

✓ Variante protrombinica 
G20210A eterozigote

TROMBOFILIA severa

✓Difetto di Antitrombina

✓Difetto di Proteina C

✓Difetto di Proteina S

✓Fattore V Leiden omozigote

✓Variante protrombinica 
G20210A omozigote

✓Difetti combinati

Thrombophilia is a generic term used for several acquired or hereditary conditions that indicates a patient has a higher-
than-normal risk of VTE. The heritability for VTE, i.e. the proportion of variance attributable to genetic effects, is estimated
to be as high as 60%. There are several known genetically determined defects associated with thrombophilia, collectively 
linked to at least a third of cases of VTE.

Middeldorp S, et al. Blood Adv 2023

TROMBOFILIA acquisita

✓APS
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levels and an increase in venous thrombosis. 
Blood 88, 3698-703



Adapted from Middeldorp, Hematology 2016

Prevalence of inherited thrombophilia and RR 
estimates for major clinical manifestations

AT 
deficiency

PC 
deficiency

PS 
deficiency

FVL PT 20210 
mutation

Prevalence in 
general population

0.02% 0.2% 0.03-0.13% 3-7% 0.7-4%

Prevalence in 
consecutive VTE

1% 3% 2% 20% 5%

RR for first VTE 5-10 4-6.5 1-10 3-5 2-3

RR for recurrent 
VTE

1.9-2.6 1.4-1.8 1.0-1.4 1.4 1.4

RR for arterial 
thrombosis

- - - 1.3 0.9

RR for pregnancy 
complications

1.3-3.6 1.3-3.6 1.3-3.6 1.0-2.6 0.9-1.3



Adapted from Middeldorp, Hematology 2016

Estimated incidence of a first episode of VTE

AT, PC or PS 
deficiency

FVL hetero PT 20210 mutation FVL
homo

Overall, %/y 1.5 (0.7-2.8) 0.5 (0.1-1.3) 0.4 (0.1-1.1) 1.8 (0.1-4)

Surgery, trauma or 
immobilization, %/episode

8.1 (4.5-13.2) 1.8 (0.7-4.0) 1.6 (0.5-3.8) -

Pregnancy, %/pregnancy 4.1 (1.7-8.3) 2.1 (0.7-4.9) 2.3 (0.8-5.3) 16.3

During pregnancy, % 1.2 (0.3-4.2) 0.4 (0.1-2.4) 0.5 (0.1-2.6) 7.0

Postpartum, % 3.0 (1.3-6.7) 1.7 (0.7-4.3) 1.9 (0.7-4.7) 9.3

OCT use, %/y of use 4.3 (1.4-9.7) 0.5 (0.1-1.4) 0.2 (0-0.9) -



Testing for thrombophilia



Antithrombin            functional (chromogenic)

Protein C            functional (chromogenic or clotting)

Protein S                      [functional (clotting)] or free antigen

APC Resistance       dilution with FV deficient plasma

Factor V Leiden  PCR

Prothrombin G20210A PCR

LAC      diluted aPTT + dRVVT (+ → go on)

Antiphospholipid abs     anticardiolipin or anti beta2-GPI

Homocysteine   HPLC or ELISA or FPIA 

WHAT?
Routine tests  for screening of thrombophilia



Thrombophilia screening in Padua



Thrombophilia screening in Padua



Thrombophilia screening in Padua



Antithrombin deficiency

• First described by Egeberg in a Swedish family with recurrent VTE (1965)
• Autosomic dominant, prevalece 1/500-1/5000
• Type I → quantitative defect    
• Type II → qualitative (most frequent but less associated with thrombosis)
• A large population-based study showed that AT deficiency was associated with a 

five-fold (95% CI 0.7– 34) increased risk of a first episode of deep venous thrombosis
                                                                  

  

   

   

      Patnaik e Moll, Haemophilia, 2008
      Middeldorp, J Thromb Thrombolysys, 2011



Frequency of antithrombin defects 

in the general population 

- CLINICALLY SYMPTOMATIC 

FAMILIAL AT DEFICIENCY

-ASYMPTOMATIC TYPE IIb DEFECTS 

(HEPARIN BINDING SITE)

1/5000 -1/2000

1/350



Type IIb Antithrombin defect 

(so called heparin binding defect)

Heparin in 1st dimension

CARRIER

PNP



Acquired causes of antithrombin deficiency 

• Acute thrombotic event 

• DIC and sepsis

• Surgery 

• Hepatopathies 

• Nephrotic syndrome

• Treatment for ALL with L-asparaginase

• Lack of extended studies !!



Protein C deficiency 

• First described by Griffin et al in 1981
• 0,2-0,3% of population as heterozigous defect, 3% of patients with first episode of VTE
• More than 300 mutations 
• Three types:
    - I  quantitative defect (75% of patients)
 - II qualitative (25% of patients)   
 - III combined 
• From the clinical point of view, heterozygous PC deficiency is associated with a 4- to 6.5-fold 

increased risk of VTE, while homozygous deficiency results in severe thrombotic 
complications in the foetus, neonates or children

      Nizzi, Kaplan, Semin Thromb Haemost 1999
      Mc Callum, BMJ 2014 



Simioni et al , Thromb Haemost 2001

TYPE II B PROTEIN C DEFECT (ABNORMAL PC)



Acquired C protein deficiencies

• Cirrhosis

• DIC and sepsis 

• K vitamin loss 

• AVK therapy 

• Nephrotic syndrome



Protein S deficiency 

• First noted in 1981 

• S protein is cofactor of C protein 

• Autosomal dominant transmission

• Up to 2,3 % of general population, up to 12% of patients with 
thrombosis

• Data to be carefully interpreted based on the different lab tests 
and variability of S protein concentration

• The real impact on risk for DVT is still debated 



Protein S

SCREENING TESTS:  Total and free PS ag (EIA, ELISA, 

    Latex)

    Coagulometric activity

 

CHARACTERIZATION : EIA, CIE

    IMMUNOBLOTTING

    Elisa

DNA SEQUENCING  FOR GENE MUTATIONS
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Similar hypercoagulable state and thrombosis risk in type I and type

III protein S-deficient individuals from mixed type I/III families

Elisabetta Castoldi, Lisbeth F.A. Maurissen, Daniela Tormene, Luca Spiezia,

Sabrina Gavasso, Claudia Radu, Tilman M. Hackeng, Jan Rosing, Paolo Simioni

Haematologica 2010



Arachchillage DJ, et al. Br J Haematol. 2022 

Factors commonly affecting measurment of protein C, 

protein S and antithrombin



Activated protein C resistance 

Nature, 1994



Factor V Leiden mutation 

• First described in 1994 
• Missense mutation on fV gene on chromosome 1 causing switch of 

glutamine with arginine (Arg506Gln), thus making fV more resistent to 
inactivation from C activated protein 

• Accounting for almost 50% of inherited thrombophilias 
• 3-6% of Europeans and 6% of American white people. 
• Several point mutations in the F5 gene causing APC resistance have been 

identified in different populations, including Arg306→Thr (FV Cambridge), 
Arg306→Gly (FV Hong Kong), Ile359→Thr (FV Liverpool), Glu666→Asp 
(mechanism unknown), and Ala512→Val (FV Bonn)



Distribution of fV Leiden in Caucasian population

Heterozygosis Homozygosis

General population 2-5% 0,1%

Patients with VTE 10-20% 1%

Families with 
thrombophilia 

40-50% 6%

Modified from Rodeghiero et al, Ann Intern Med 1999 



Risk of fV Leiden- associated thrombosis 

• 3-8 fold greater in comparison with general population for heterozygus 
subjects, up to 80 fold increase for homozygous subjects with regards to 
venous thromboembolism 

• Interestingly, heterozygosis has a moderate impact on the risk of 
recurrence after a first episode VTE

• Homozygosis has a presumed increased risk compared to heterozygosis, 
even if data are discordant

• There is not a definite increase in risk for arterial thrombosis

      

      

      

      Campello et al, Expert Rev Hematology, 2016 
      

      Kujovich, Factor V Leiden trombophilia, Genet Med 2011



From Kujovich, Genet Med 2011





FV Leiden pseudohomozygosis

• Heterozygous FVL carriers with concomitant heterozygous F5 
mutation causing fV deficiency, resulting in 50% of FV plasma 
levels being all FVL. 

• This condition leads to severe resistance to APC and thus to a 
thrombotic risk comparable to fVL homozygous 



I
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FV R506Q

FV H1299R

FV deficiency
1
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#
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# prothrombin G20210A

Castoldi et al, Blood 2000



Blood 2005



Risk of VTE in FVL pseudohomozygosis and 

survival-free rates 

Paolo Simioni,Elisabetta Castoldi,Barbara Lunghi,Daniela 

Tormene,Jan Rosing,Francesco Bernardi, An 

underestimated combination of opposites resulting in 

enhanced thrombotic tendency, Blood, 2005,  Figure 2. 

Thrombosis-free survival curves of individuals with different FV 
genotypes. (A) Kaplan-Meier thrombosis-free survival analysis of 
the whole study cohort (probands and family members). (B) 
Kaplan-Meier thrombosis-free survival analysis of probands only. 
□, noncarriers; ○, FV Leiden heterozygotes; ▵, FV Leiden 
homozygotes; , FV Leiden pseudohomozygotes. Differences 
between the curves were evaluated with the log-rank test. The 
apparently solid circles in the curve for FV Leiden heterozygotes 

are the effect of partial overlapping of open circles.



Prothrombin variant

• G to A nucleotide change at 20210 in the 3'-untranslated region of 
the prothrombin (F2) gene (PT G20210A). PT G20210A predisposes 
to VTE either by promoting thrombin generation or by inhibiting 
factor Va inactivation by APC, thus creating indirectly APC 
resistance

• 0.7-6,5% in heterozygosis 

• Most in Southern European population

• Almost absent in black or Asian people 

• Probable founder effect as described for fVLeiden mutation



Prothrombin variant-associated thrombosis 

• Heterozygosis has an increased risk (2-3 fold), but we do 
not have sufficient data for homozygosis, probably 5-
fold  (even if we can suppose it is increased)

• With regards to recurrent VTE, we do not have definite 
data 

   Mc Callum, BMJ 2014 

   Shemesh, Am J Hematol 2017



And what about carriers of both mutations?

Data are discordant: according to Martinelli et al 
there is a six-time

higher risk than relatives without mutations, while 
according to

Emmerich there is only a slight increase probably 
due to different

selection of populations and study design 

   



Risk of recurrence for DVT in patients with 

double mutation

From De Stefano et al, NEJM, 1999



Journal of Thrombosis and Haemostasis, 2008



Factor VIII 

fVIII (U/dl) Patients Controls OR (CI 95%)

<100 52 111 1

100-124 88 96 2,3 (1,3-3,8)

125-149 85 60 3 (1,6-5,7)

>150 76 34 4,8 (2,3-10)

Odds ratio adjusted for blood group and vWF levels. 

Modified from Koster et al, 1995



fVIII, thrombosis and hormonal therapy 

Patients Controls Odds Ratio 
(CI95%)

OC -   fVIII - 7 28 1

OC +   fVIII - 13 13 4 (1.3-12.4)

OC -    fVIII + 20 15 5.3 (1.8-15.5)

OC +  fVIII + 36 14 10.3 (3.7-28.9)

OC= Oral contraceptives

Adapted from Bloemenkamp et al, 1999



Wu and colleagues performed a  
meta-analysis which selected
4709 VTE cases from 21 studies, and 
found an OR of 1.79 (95% 
confidence interval [CI] (1.56-0.05) 
in non-O versus O status 

 Wu et al, JTH 2008 

Blood group and

 the risk of VTE



A further meta-analysis considering 38 studies, hence 10,305 VTE cases, 
reported that non-O blood groups increase approximately
twofold the risk of VTE (OR 2.08; 95%CI 1.83–2.37)

Dentali et al, Semin Thromb Haemost 2012 

Blood group and the risk of VTE





Risk of DVT combining blood groups and 

inherited thrombophilia 

ibidem



Who?

Connors JM. NEJM 2017



Thrombophilia testing

Connors JM. NEJM 2017 - adapted



WHY?
Reasons for screening VTE patients

Connors JM. NEJM 2017

1) To determine pathomechanism

2) Acute treatement not influenced by thrombophilia 

- Rare peculiar cases of thrombophilic patients 

- tailor heparin in antithrombin deficiency

- addition of antithrombin or protein C concentrates 

 - antiphospholipid antibody syndrome and DOAC

3) Management of secondary prevention 
ù

4) Management of asymptomatic first-degree relatives 



• Clinical decision in an individual patient depends upon 
the estimated risks of VTE recurrence and treatment 
induced bleeding.

• Although the quality of the evidence in this area is low 
and does not allow firm recommendations, patients with 
AT deficiency, homozygosity for FVL, multiple defects, 
and perhaps PC or PS deficiency, altered D-dimer could 
be more prone to recurrence and therefore potential 
candidates for long term oral anticoagulation after a first 
unprovoked VTE.

Optimal Duration of Anticoagulant Treatment 

in thrombophilic patients



Cumulative Incidence of VTE Recurrences 
(78/355)

Time (years)
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Prandoni et al, Ann Intern Med 1996





Optimal Duration of Anticoagulant Treatment in 

thrombophilic patients

27.1%

4.2%



Deep-vein thrombosis 
Lensing et al Lancet 1999:353:479

• Plaatje CUS









Age

Time

FV Leiden

Risk of
Recurrent VTE Supra-Additive effect

Recurrent VTE threshold

Traumasurgery

A MULTIFACTORIAL MODEL FOR 
RECURRENT THROMBOSIS

Obesity, etc

Previous VTE (residual thrombosis)
Family history



Optimal Duration of Anticoagulant Treatment in thrombophilic patients

Konstantinides SV et al ESC 2020

Carriers of severe hereditary thrombophilia (antithrombin, 
protein C or protein S deficiencies, homozygous factor V 
Leiden or prothrombin G20210A)



Who?

!?

!?



Clinical scenarios for thrombophilia testing





4) To influence VTE secondary prevention

Middeldorp S, et al. Blood Adv 2023

✓ In patients with VTE provoked by a nonsurgical major transient risk factor, should thrombophilia 
testing be performed to guide treatment duration?

✓ In women with VTE provoked by pregnancy or postpartum, should thrombophilia testing be 
performed to guide treatment duration?

✓ In women with VTE associated with combined oral contraceptives, should thrombophilia testing be 
performed to guide treatment duration?

Thrombophilia positive anticoagulation sine die
Thrombophilia negative STOP anticoagulation

21 fewer recurrence (13 FVL and PT)/1000 pt/year
2-7 more major bleeding/1000 pt/year

La trombofilia ereditaria è un esame senza ricadute nelle scelte Terapeutiche : NO



Risk of RECURRENCE 
AFTER STOPPING
Anticoagulation
=DOAC BETTER

Risk of RECURRENCE 
DURING
Anticoagulation
=NO DIFFERENCE

Thrombophilia and DOACs

Risk of BLEEDING
during
Anticoagulation
=DOAC WORSE

Risk of CRNM BLEEDING 
during
Anticoagulation
=DOAC WORSE





Cancer & Thrombosis

Cancer Thrombosis

Armand Trousseau - 1860





NEJM 2000



From Campello et al, BJC 2019 



THE CLOTTING “WATERFALL”
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Blood, 2016







Microparticles – Formation 

MPs have been predominantly characterized as products of platelets, white blood cells 
and endothelial cells. 



Microparticles – Coagulation

Perhaps the best established property of MPs is their 
ability to promote coagulation. MPs are elevated in 
hypercoagulative disorders and this relationship is 
probably a result of their active participation in the 
coagulation process. 

XII            XIIa

XI              XIa

IX              IXa

X             Xa

II             IIa

TF-VIIa             TF-VII

Fibrinogen Unstable fibrin

Stable fibrin

VIIIa Ca2+ PL

Ca2+ PLVa

Ca2

+ 

XIIIa

Contact phase

Extrinsic pathway



Platelet-derived MP

Enothelial-derived MP

TF+MP
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NEW MECHANISMS OF 

THROMBOSIS?



Microparticles – Coagulation





Circulating Microparticles and the

risk of thrombosis in inherited

deficiencies of antithrombin,

protein C and protein S

Elena Campello1, Luca Spiezia1, 

Claudia M. Radu1, Cristiana Bulato1, 

Sabrina Gavasso1, Daniela Tormene1, 

Barry Woodhams2, Fabio Dalla 

Valle1, Paolo Simioni1.

Thromb &  Haemost 2015 

Thrombophilic    Controls

Thrombophilic  Controls Thrombophilic    Controls

Thrombophilic    Controls

p<0.001
p<0.001

p<0.01
p<0.05



Circulating Microparticles and the risk of thrombosis in inherited deficiencies

of antithrombin, protein C and protein S

MP (n/µL)
95 th 

percentiles

ODD RATIO (95% CI)

Univariate Multivariate

Annexin V-
MP

2734 4.01 (2.50-
8.34)

3.36 (1.59-
7.11)

Endothelial
-MP

171 9.26 (3.55-
24.1)

7.41 (2.90-
15.05)

Platelet-MP 791 3.65 (1.36-
8.30)

2.72 (1.16-
6.38)

TF+MP 101 1.97 (1.18-
3.02)

1.63 (1.02-
2.60)

Estimated Odds Ratio for VTE with elevated MP plasma levels

Multivariate analysis was adjusted for age, sex, BMI. 



1. UNDIAGNOSED 

THROMBOPHILIA?

2.NEW INHERITED 

THROMBOPHILIC 

CONDITIONS?



Novel hereditary thrombophilia

More recently, sporadic gain-of-function mutations in the genes encoding 

coagulation factors have been described in individual probands/families 

with severe thrombophilia.

CASE REPORT

✓ 23-year-old male

✓ Occlusive femoral-popliteal DVT of the right leg

✓ (LMWH) (nadroparin, 100U/Kg/twice daily) and 

warfarin (INR 2.0-3.0)

✓ No recurrent thromboembolic event has occurred 

during the 14-month follow-up 

✓ Doppler ultrasound one year post-DVT showed partial 

recanalization of femoral-popliteal veins 



Coagulation and thrombophilia screening

PT, aPTT, fibrinogen, D-Dimer

Antithrombin, Protein C antigen and activity 

(chromogenic and amidolytic), Protein S (total, 

free, activity)

APC-Resistance and FV Leiden; HR2 Haplotype

Prothrombin variant G20210A

FVIII, FIX (antigen and activity), FXI

Homocysteinemia

LAC, ACA, anti-beta-2-GPI

Plasminogen



Hyperfunctional Factor IX (Padua) 

Simioni P et al. NEJM 2009



Exon 8 – wild type CTT CGA TCT

aa sequence –wild type 337Leu 338Arg 339Ser

Exon 8 – Factor IX Padua CTT CTA TCT

aa sequence – Factor IX Padua 337Leu 338Leu 339Ser

Missense mutation 

at nucleotide 31134I

II

1 2

1 2 3

2000

1200

800

200

400

I-1 II-1 II-2 II-3 I-2MW

562 bp

304 bp
258 bp

145 bp

Factor IX PADUA  or FIX Arg338Leu

(G → T transversion at nt 31134)

RFLP analysis of exon 8 of the FIX gene digested by TaqI 

endonuclease.
FIX wild-type→ three fragments of 304, 258 and 145 bp. (I-1, II-2)

FIX Padua mutation→ two fragments of 562 and 145 bp (II-1, II-3) →hemizygotes

Patients I-2 → four fragments → heterozygous 

Proband, II-

1

Simioni P et al. NEJM 2009
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HEMOPHILIA B

Peyvandi F et al. Lancet 2016



canine FIX-Padua

◼ introduced R338L 

mutation in canine FIX 

gene (cFIX-Padua)

◼ packaged into AAV6 

vector

◼ delivered 3e12 vg/kg 

via ALP delivery to 

two HB dogs (M55 

and M59)

◼ 4 weeks 

immunosuppression











Trials clinici di terapia genica per l’emofilia B



Hyperfunctional Factor IX (Shangai) 

Wu W. et al. Haematologica 2021



• Novel mechanism of hereditary thrombosis associated with antithrombin resistance, 
with a substitution of arginine for leucine at position 596 (p.Arg596Leu) in the gene 
encoding prothrombin. 

• The mutant prothrombin had moderately lower activity than wild-type prothrombin in 
clotting assays, but the formation of thrombin–antithrombin complex was substantially 
impaired. 



Figure 1. Family pedigree
The probands (panel A, III-2 and panel B, III-1) are indicated by an arrow. Open symbols represent normal individuals, while half-filled symbols represent 
individuals heterozygous for the p.R596W mutation. Squares represent males and circles represent females.
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PROTHROMBIN PADUA 2



Bulato, ATVB 2016



c.1786C>T

p.R596W
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Figure 2. A) SDS-PAGE and silver staining of purified recombinant prothrombins. Line 1. wild type, line 2: mutant (p.R596W), line 3: prothrombin 

purified from human plasma; MW: molecular weight marker. B) Partial DNA sequence of exon 14 of the prothrombin gene from one proband

containing the c.1786C>T (p.R596W) mutation (indicated by an arrow) in heterozygosis. C) HpaII digestion of PCR-amplified exon 14 of the two

probands and their relatives. Digestion of a normal exon 14 resulted in DNA fragments of 280 and 167 bp. The c.1786C>T mutation abolished the

HpaII site in exon 14 yielding an additional fragment of 467 bp in the heterozygous patients. In family 1, III-2 refers to the proband, II-2 to his mother,

III-3 to his sister, III-7 to his maternal cousin and IV-1 to his daughter. In family 2, III-1 refers to the proband, II-1 to her father, II-2 to her mother and

III-2 to her sister. M: DNA ladder.

Bulato, ATVB 2016



 PROTHROMBOTIC PROTHROMBIN ABNORMALITIES

Girolami A. et al. JTT 2017
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Figure 6. Measurement of TG in reconstituted plasmas. TG was assessed with 5 pM TF in prothrombin-deficient plasma reconstituted with the

wild type and R596W recombinant prothrombins (wild type rFII and omo R596W rFII, respectively) at a final concentration of 90 g/ml (100%).

Hetero R596W rFII indicates the heterozygous condition, simulated reconstituting prothrombin deficient plasma with 50% wild type recombinant

prothrombin and 50% R596W recombinant prothrombin. Table below the TG curves shows the main TG parameters measured.

Measure Wild type rFII Hetero R596W rFII Omo R596W rFII

Lag time (min) 7.67 11.33 17.33

ETP (nM*min) 1711.09 2546.90 3892.63

Peak (nM) 181.60 161.14 154.50

Start tail (min) 44.83 71.00 94.67

Bulato, ATVB 2016



1. ESTIMATED PREVALENVCE of  Prothrombin Padua 2 

      in patients with VTE is 0.5%

2. Genome-wide linkage scan in thrombophilic families, 

(GENUT study), ten Kate et al reported

a missense mutation in F2 characterized by the    

replacement  of an Arginine by Tryptophan (the authors 

did not indicate the amino acid position). Whether this 

mutation corresponds to prothrombin Padua 2 remains    

to be defined.

Clinical impact of new prothrombin mutations



CASE REPORT A



F8 duplication and breakpoint mapping

The duplication spans 23,420 bp (GRCh37 154,229,849-154,253,268) and includes the 

promoter, exon 1 and nearly the whole intron 1 of the F8 gene. 

The two copies are arranged in tandem without spacer DNA and have the same orientation

Simioni P. et al. Blood 2021 in press



Functional analysis of the F8 duplication

Highest transcriptional activity (>45-fold 

enhancement) was associated with region C, 

followed by region F (~20-fold enhancement), 

which contains the F8 proximal promoter.

Simioni P. et al. Blood 2021



In conclusion, we identified 2 new 
SERPINC1 defects that cause
hypoglycosylation of Asn224. These 
variants have minor, if any,
functional consequences when using 
routine methods to diagnose
antithrombin deficiency but increase 
thrombin generation
and reduce the inhibition of FVIIa.
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Next Generation Sequencing -NGS

Antithrombin defect …ONLY??

GENOTYPE →  COAGULATION LAB PHENOTYPE → CLINICAL PHENOTYPE



✓ Patients with inherited thrombophilia carry increased RR of (first) VTE. The 
real risk of VTE recurrence is mostly unknown. 

✓ Selecting patients for testing and knowing how to use the results are 
essential in order to provide the best possible care for patients with VTE.

✓ Unknown/new thrombophilic conditions need to be identified and the 
impact on patients management evaluated in future studies

✓ Thromboprophylaxis strategies can prevent the majority of (provoked) VTE in 
patients with inherited thrombophilia (if known!) → need for screening high 
risk patients

✓ VTE prevention and treatment strategies should be reviewed on the basis of 
the knowledge of new inherited thrombophilia and new anticoagulants 
(DOACs) → Studies needed

✓ CLINICAL THROMBOPHILIA  & COAG PHENOTYPES & GENOTYPES: 

A MATTER OF FURTHER INVESTIGATION

✓ To keep in mind



Padua –Scrovegni’s Chapel

(painted by Giotto 

1304-1306 p.c.)

File:Padova - Cappella degli Scrovegni.jpg

http://upload.wikimedia.org/wikipedia/commons/thumb/1/16/Giotto_di_Bondone_042.jpg/220px-Giotto_di_Bondone_042.jpg

http://upload.wikimedia.org/wikipedia/commons/3/36/Padova_-_Cappella_degli_Scrovegni.jpg
http://it.wikipedia.org/wiki/File:Giotto_di_Bondone_042.jpg
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