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Defined by Virchow at 1856



Risk factors for DVT

= Intermediate risk

- Severe risk

= Mild risk

Anderson FA, Spencer F. Circulation.
2003;107: (23 suppl 1) 19-16



Hypercoagulability




1. Abnormal fibrin formation:

* Factor V Leiden mutation

+ AT ITI deficiency

* Protein C and its cofactor Protein S deficiency
* Heparin kofactor IT deficiency

2. Fibrinolitic system deficiencies:

* Plasminogen deficiency

* Plasminogen activator (PA) deficiency

* Plasminogen activator inhibitor (PAI) redundancy
» Alpha 2 antiplasmin deficiency

» Dysfibrinogenemi

3. Endothelial dysfunction:

- Homosystinuria

» Paroxysismal Nocturnal Hemoglobinuria (PNH)
* Lupus Anticoagulant




1. Coagulation and fibrinolitic
system:

* Malignacies

* Pregnancy

* Nephrotic syndrome
* Oral CS (Estrogen)

2. Platalet count and function:

* Myeloproliferative disease

- DM

* Hyperlipidemia

* Heparine related thrombositopeni
» Anticardiolypin anticors

3. Vascular system:

Venous Stasis
Polysitemia Vera
Sicle cell anemia
Spherositosis
Paraproteinemia
Vasculitis
-infection
-radiation
-chronic occlusive vessel d.
-Behcet disease




“over the age of 60, have a history of smoking, had recent

surgery or a leg injury, and have been immobile for some
time" = DVT




The reason can probably be found in their genes;

In about half of all young patients with DVT,
a family member has also had the condition.




The first thrombophilic disorder to be recognized was
antithrombin (III) deficiency, described by Egeberg O. in
a large Norwegian kindred in 1965.

Egeberg O. Inherited antithrombin deficiency causing
thrombophilia. Thromb Diath
Haemorrh 1965;13:516-530



Within the past decade, the identification of two mutations that
are relatively prevalent among the white population;

the factor V Leiden and
prothrombin G20210A gene mutations

has paved the way for a number of large cohort studies that have
greatly advanced our understanding of the pathogenesis of DVT.



Inherited thrombophilias may tip the balance in favor of thrombosis;

* partial deficiency of a regulatory anticoagulant protein;
antithrombin,
protein C,
protein S

dysfunction of an existing anticoagulant mechanism
Activated protein C resistance

e "gain of function” mutations; elevated levels of procoagulants

elevated prothrombin levels



Table 3. Genefic mutations

Reason for test SiEnificant Factor V Prothrombin - MTHFR®  Antithrombin Protein € Protein § Homocysieine
ahmnnalit}' Leiden A210A
All DVT /44 (R1%)  10/44(2%%) A/44(14%)  6/44(14%) 1/44(2%) 4% 2/44(%)  4/44(9%)
only T2l L. T2 T2 00 U2 T2 (e UL 220
SVTonly 14/39(36%)  5/39(13%)  3/39(8%)  1/39(3%)  0/39(0%) 1/39(3%)  1/39(3%)  4/39(10%)
Recurrent DVT  5/90(56%)  3/9(33%)  1/9(11%) 19(10%)  0/9(0%) L9(%)  3/9(33%) 1/9(11%)
I-Iistnr];nf DVT 41/73(3%) 17/7302%%) 9/73(12%)  3/730d%)  1/73(1%) ST37% 1/73(1%)  10/73 {14%)
History of PE 16/32(30°) 3/32(%)  4/32013%)  2/32(K%) 0/32(0%) 1/32(3%)  1/32(3%)  5/32(18%)
Family history BA4ET) 11/5420%) 6/54(11%)  2/54(4%)  0/54(0%) /54 (2%)  0/54(0%)  5/54(9%)
of DVT
Any DVI/SVT 18/18 718(39%)  6/18(%B%)  5/18(28%) 1/18(6%) I18(17%)  5/18(28%) 7/18(39%)
with>1 (100%)

' I-Inmnzvgnus onlv,

Eur ] Vasc Endovasc Surg 30, 550-555 (2005}



Prevalence in

general population Prevalence in patients Relative Risk
Risk factor (white) (%) with VTE (%) for VTE
g Factor V Leiden heterozygote 5.0% 20% 4.0-7.09232 —|
I Factor V Leiden homozygote 0.023¢ 1.5% 80.0% |
Prothrombin G20310A heterorygote  o7-e7 T e T T T T T T
Factor V Leiden/prothrombin compound heterozygote 0.12¢ 2.2% 20.0%
Protein C deficiency?*28.29.33 0.2-0.4* 2.5-3%8.31 3.4-7.8
Heterozygote
Protein S deficiency heterozygote 0.03-0.13% 1-3% 2.4-20.0%730
Antithrombin deficiency heterozygote 0.07-0.23%40 0.5-3%1 5.0-50.02040

Genet Med 2003:5(3):133-143.



-Est'lrnated prevalence of Factor V Leiden among
patients with thrombotic complications

Thrombotic complication Prevalence (%o)
First idiopathic VTE? 25
Recurrent VTE442 30-50
Upper extremity thrombosisdi—43 Q20
Cerebral vein thrombosisd647 1020
Pregnancy-assoclated VITE4%21 2046
Oral contraceptive-associated VTE3%-22 2060
Pregnancy loss!133-33 830

Genet Med 2011:13(1):1-16.



Table 1 Worldwide prevalence of Factor V Leiden”

Population Prevalence (%5)9-11.12-17
European whites 3—15
Spain 3.3
France 3.8
Germany 4
Iceland 5.2
United Kingdom 8.8
Greece 15
Sweden 11
Africa Absent
Southeast Asia Absent
Asia minor 1.2
Australia (indigenous) Absent
Japan Absent
Jordanian Arabs 12.2
Lebanon 14
Western Iran 2.97
Canada 5.3
United States
Whites 5.2
Hispanic Americans 2.2
African Americans 1.2
Asian Americans 0.45
Native Americans 1.25
iy videls il o iy ol e mpenoombolem. Genet Med 2011:13(1:1-16




DVT is clearly a multigenic disorder, with well-characterized
examples of gene-gene and gene-environment interactions
underlying its pathogenesis.




Family History | Environmental Risk Factor | Genetic Risk Factor | Odds of DVT

_ . - 1 (Reference)

T - - 2.5

- + - 9.5

- - - 2.3

http://blog.23andme.com/news/family-history-in-addition-to-genetic-and-environmental-risk-factors-predicts-risk-of-deep-vein-thrombosis/



Genetic risk assesment for DVT

1. How many genes are involved?
2. What are the contributions of known vs unknown genes?

3. Are specific gene-gene interactions synergistic, additive or
overlapping functions with regard to DVT risk?



Combined genetic mutations have remarkable effect on deep venous
thrombosis and/or pulmonary embolism occurence

Erdal Simsek **', Ahmet Yesilyurt ®*, Ferda Pinarli ®, Nilnur Eyerci®, A. Tulga Ulus ®

Gene 536 (2014) 171-176

arie

Methods: Between January 2011 and May 2013, patients who were traced for deep vein thrombosis and/or pul-

monary embolism were evaluated retrospectively, 84 patients (53.6% males and 46.4% females ) were included in

the study, Their family histories, predisposing factors and treatments were researched, Factor V lejden (G
1691A), Factor Il G20210A, Plasminogen Activator Infubitor-Type 1 (4G/5G), and Methylene Tetrahydrofolate
Reductase (C677T, A1298C) mutations were investigated from peripheral venous blood,

Results: Among the genetic mutations we searched, the incidence of single mutation rate was observed at 11.9%,
double mutation collocation at44%, triple mutation collocation at 29.8%, quadruple mutation collocation at 13,13,

and finally, quintuplet mutation collocation at 1.2% Our approximate mutation number was found as

247 + 091, |







W Sl mutation
E Double rtation
& Tiriple rutation
E Ouscruple rutation
H Ousetuple rmotaton



" Conclusion: We observed that Wﬂﬁ

The patients who have multiple mutation s should be more in the front line considering their diagnosis, treatment ,
and following up, and also in terms of decreasing mortality, morbidity and recurrence, |

S ¢ b e s e s s e s e § e s M f M § M e M M b M f M M b M § M f M s M f M § M M M b M § M M b M § M f M s M b M f M M b M e — — —



CONCLUSION

1. Tdiopathic DVT has a strong genetic component and higher
recurrence rate, representing mulfiple gene defects.

2. Improved DVT management will require:
a. rapid genetic screening
b. therapies with improved safety for chronic usage






J Thromb Haemost. 2018 December ; 16(12): 2432-2441. doi:10.1111/jth.14279.

Targeted sequencing to identify novel genetic risk factors for
deep vein thrombosis: a study of 734 genes
H. G. DE HAAN', A. VAN HYLCKAMA VLIEG’, L. A. LOTTAT, M. M. GORSKIT, P.

BUCCIARELLIT, I. MARTINELLIt, T. P. BAG LIN*, F. PEYVANDIt, F. R. ROSENDAAL", and
FOR THE INVENT CONSORTIUM'

Conclusions: We confirmed associations between DVT and common variants in F35, ABO,

FGA-FGG, and CYP4V2-KLKB1-FI1, and observed secondary signals in F5and CYP4V2—
KILKBI1-FI1 that warrant replication and fine-mapping in larger studies.
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Genetic Risk Factors For VTE

Risk Factor Prevalence (%)  Relative Attributable
(+) VTE Pop. Risk Risk (%)

Protein C 2.1 0.3 7.1 1.8
Antithrombin 1. 0.02 55 0.9
Protein S 2.2 0.2 11.2 2.0
PT 20210A 6.2 2.3 2.8 4.0
FV Leiden 20 4 0

Hyperhomo- 10 4.8 )
cystinemia
Factor VIII 25

Antithrombin ITT, does a single gene make a large impact on
relative risk. The more common defects have lower relative risk.



