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Complications of pregnancy  
and hemostasis 

•  Thrombophilic disorders 
•  Hemorrhagic disorders 
•  Confounding associated conditions 

•  Thrombosis 
•  Early and late fetal loss and other 

obstetric complications 
•  Postpartum hemorrhage 



Outlines  

•  Inherited and acquired thrombophilia 

•  Thrombophilia and association with 
obstetric complications 

•  Heparin and prevention of obstetric 
complications 



Which test ? 





 
Inheritance:   autosomal dominant, incomplete penetrance 

                                
 

Deficiency                   antithrombin             protein C            protein S 
 
 
Prevalence:                 1:6001 -50002          1: 2003-6004      1: 800-40005 

 
VTE 

 
Prevalence:                       1.9%                3.7%                      2.3%                
(unselected pts.) 

 
Prevalence:                       4.3%                4.8%                      4.3%                    
(selected pts.) 
 

 
1 AT activity 2  AT antigen 3 PC antigen 4  PC activity   5 free PS and total 

PS 
       

      N Eng J Med 2001; 344: 1222 (modified) 





PREVALENCE OF FACTOR V LEIDEN 
De Stefano et al, Sem. Thromb. Hemostas. 24, 367,1998 

 
 
 
Healthy individuals  
 

    European ancestry (n= 16.150)       4.8 % 
    Middle East (n= 2.366)                     5.4 % 
    Africa (n= 717)                                   0 
    Asia (n= 2.274)                                1.0 % 
    (India and Nepal n= 220)                 2.7 % 
    Native Americans (n= 568)              0.3 % 
    African Americans (n= 957)             1.2 % 

 
 
 
 
 
 
 
Caucasian patients with venous 
thrombosis 
     n= 2.456                                       18.4 % 
    n= 1.142 (consecutive)                 18.8 % 
    n= 1.314 (selected)                       18.1 % 

Caucasian patients with arterial   
thromboembolic disease. 
    n = 4.417                                         5.7 % 



Blood, 1996; 88: 3698  

Pooled analysis of 14 case-control 
studies: 
  
7.3% heterozygotes among 3.356 
patients with venous thromboembolism  
 
3% heterozygotes among 6.267 
controls  
 
(pooled odds ratio 2.5) 
    
De Stefano et al, Haematologica 2003 
 



Odds ratio for VTE 

 

Heterozygous FV Leiden            4.22           

Heterozygous PT20210A           2.79 

Double heterozygotes                3.42 

Homozygous FV Leiden          11.45 

Homozygous PT20210A           6.74 
 



Severe HyO (homocystinuria)  



Martinelli, De Stefano & Mannucci, 
Nature Rev Cardiology, 2014  

Thrombophilic 
abnormality 

Risk  
(Odds Ratio) 

AT deficiency  
 

10.2 - 18.3 

PC deficiency 
 

4.1 - 16.2 

PS deficiency 
 

7.6 - 16.2 

FV Leiden 
 

2.5 -  7.5 

PT G20210A 
 

1.7 -  5.2 

Combined 
alterations 
 

6.4  
(FVL + PT) 

Reviewed in Rossi et al,  
Thromb Haemost , 2011  





LABORATORY SCREENING 
Italian Cooperation on Inherited Thrombophilia  

ICIT Working Group, October 2004    

•  AT heparin cofactor 
•  PC (functional assay) 
•  PS (immunologic assay) 
•  APC-resistance (and/or FV Leiden) 
•  PT 20210A 
•  Fasting homocysteine 
•  LAC and aPL  

Routinary search for other polymorphisms in 
factor V, factor II, and MTHFR (as well as in 
other  genes) is discouraged . 



Diagnostic panel for thrombophilia of a 
Public Hospital in Rome (2017) 

•  Factor V Leiden 
•  Factor V H1299R 
•  Factor II G20210A 
•  Factor XIII V34L 
•  Beta Fbg -455GA 
•  Plt Ag HPA1 a/b 
•  MTHFR C677T 
•  MTHFR A1298C 

•  ApoLp B-100 R3500Q 
•  Beta-thromboglobulin 
•  PAI 4G/5G 
•  Homocysteine 
•  AT, PC, PS 
•  APC-resistance 
•  LAC / ACA 

Unappropriate tests are written in red  



677 TT MTHFR POLYMORPHISM 
AND RISK FOR DVT 

•  Controls:  
    390 / 2.856 (13.6%) 

•  Patients with DVT and inherited thrombophilia: 
    74 / 527 (14.0%) 

•  Patients with DVT and no inherited thrombophilia: 

    224 / 1.564 (14.3%) 
      
     De Stefano et al, Sem Thromb Haemost 26,305,2000  
    (pooled analysis of 8 published series) 





C677T polymorphism is associated with 

Increased risk for 
•  Basal cell carcinoma 
•  Cerebral hemorrhage 
•  Chronic allograft nephropathy 
•  Essential hypertension 
•  Ischemic stroke 
•  Lung cancer 
•  Male infertility 
•  Migraine 
•  Pancreatic cancer 
•  Primary open-angle glaucoma 
•  Sqamous cell carcinoma of the 

head and neck 
•  Sudden hearing loss 
•  Schizophrenia 
•  Steatosis and fibrosis in chronic 

hepatitiS C 
•  Type 2 diabetes 
•  Venous thromboembolism 

Decreased risk 
•  Acute lymphoblastic leukemia 
•  Colorectal cancer 
•  Multiple myeloma 

Simone et al, Eur J Epidemiol, 2013 



Copyright ©2005 American Heart Association 

Smith, G. D. et al. Arterioscler Thromb Vasc Biol 2005;25:2228-2233 

Differences in mean plasma fibrinogen between those in control groups with different 
genotypes 



Copyright ©2005 American Heart Association 

Smith, G. D. et al. Arterioscler Thromb Vasc Biol 2005;25:2228-2233 

Studies reporting association between {beta}-fibrinogen genotype and CHD 



Lancet, 22 May 2004 





CARRIER   
CASES 

	

CARRIER   
CONTROLS	

ODDS RATIO  
(95%CI)	

P	

100 / 152  
(65.7%)	

90 / 152  
(59.2%)	

1.32  
(0.83-2.11)	

0.28	

105 / 152  
(69.0%)	

90 / 152  
(59.2%)	

1.53  
(0.95-2.46) 	

0.09	

110 / 152  
(72.3%)	

90 / 152  
(59.2%)	

1.80  
(1.11-2.91)	

0.02	

+ 22% cases in respect to the baseline prevalence  





CARRIER   
CASES 

	

CARRIER   
CONTROLS	

ODDS RATIO  
(95%CI)	

P	

30 / 829  
(3.6%)	

25 / 829  
(3.0%)	

1.41  
(0.84-2.39)	

0.23	

40 / 829  
(4.8%)	

25 / 829  
(3.0%)	

1.63  
(0.97-2.71) 	

0.07	

50 / 829 
(6.0%)	

25 / 829  
(3.0%)	

2.06  
(1.26-3.37)	

0.004	

+ 100% cases in respect to the baseline prevalence  



Martinelli, De Stefano & Mannucci, Nature Rev Cardiology, 2014  
 



Who ? 



REASONS FOR TESTING FOR 
INHERITED THROMBOPHILIA 

Venous thromboembolism 44% 
Premature arterial thrombosis 23% 
Obstetric complications 17% 
Asymptomatic individuals 16% 

Coppens et al. Blood 2007    
Gartner et al. Contraception 2008  
Laberge et al. Genet Med 2009  
Suthers et al. Royal Coll Path Australasia 2009  
  
 



Obstetric complications 

•  Recurrent miscarriage: 
    
Ø    three (two) or more  
Ø    (consecutive) miscarriages   
Ø    before 20 (24) weeks of gestation 



Obstetric complications 

•  Recurrent miscarriage: 
    
Ø anatomic factors (uterine septum, 

cervical incompetence) 10-15% 
Ø thrombophilia 3-15% 
Ø chromosomal abnormalities 2-4% 
Ø hormonal abnormalities (hypotiroidism, 

hyperprolactinemia, luteal phase defect) 
25-40% 

Ø unexplained 50%  



Obstetric complications 

•  Abruptio placentae: 
   separation of the normally located 

placenta after the 20th week of 
pregnancy of gestation and prior to 
birth.   

   
Ø  Class 1 (48%) mild, no coagulopathy, no fetal distress 
Ø  Class 2 (27%) fetal distress, hyofibrinogenemia 
Ø  Class 3 (24%) severe, maternal shock, coagulopathy, fetal death   



Obstetric complications 

•  Intrauterine growth retardation 
(IUGR): IUGR occurs when the 
unborn baby is at or below the 10th 
weight percentile for his or her age in 
weeks bruptio placentae 

      



Obstetric complications 
•  Preeclampsia: 
   new onset hypertension (>140 mm 

Hg systolic or > 90 mm Hg diastolic) 
and proteinuria (> 300 mg in a 24 
hour collection).  

              eclampsia, HELLP syndrome 
 
•  Heritable patterns 
•  Heterogeneity of the pathogenetic mechanisms (hemodynamic 

factors, oxidative stress, thrombophilia, genetic factors, angiogenic 
factors),  

 
 



Inherited thrombophilia  
and obstetric complications   
•  In Western countries up to 18% of pregnancies 

ends in fetal loss (0.8% as stillbirth) 
•  5% of women experienced 2 or more fetal losses 

(1% > 2 fetal losses) 
•  Abruptio placentae complicates 1% of births 
•  Preeclampsia complicates 5-7% of births and in 

5-10% of cases HELLP can arise (0.5 per cent 
deliveries) 



Inherited thrombophilia  
and obstetric complications   

•  Women with AT, PC or PS deficiency were 
first recognized at higher risk of fetal loss 
in 1996 

   (Preston et al, Lancet 1996, Sanson et al, 
Thromb Haemost 1996) 

•  Overall, inherited thrombophilia was 
diagnosed in 38% of 110 women with 
obstetrical complications 

   (Kupferminc et al, New Engl J Med 1999)  



Copyright restrictions may 
apply.

Kovalevsky, G. et al. Arch Intern Med 2004;164:558-563. 

Association of factor V Leiden mutation and recurrent pregnancy loss 



Copyright restrictions may 
apply.

Kovalevsky, G. et al. Arch Intern Med 2004;164:558-563. 

Association of prothrombin mutation and recurrent pregnancy loss 



Kovalevsky, G. et al. Arch Intern Med 2004;164:558-563 



Kovalevsky, G. et al. Arch Intern Med 2004;164:558-563 



VENOUS THROMBOEMBOLIC DISEASE (VTE) 
AND OBSTETRIC COMPLICATIONS (OC) 

MULTICAUSAL MODEL 
 
 
 
 

Gene defect(s) 
Gene defect(s) 
Age 
Dietary habit 
Triggering event 
Acquired factors 

VTE 

OC 



Clinical phenotype of 
the proband 

Kindreds Relatives Carriers 

Venous 
thromboembolism 

344 1,088 625 

Premature arterial 
thrombosis 

30 113 51 

Obstetric 
complication 

86 257 146 

Asymptomatic 106 262 145 

Total 566 1,720 967 

PARTICIPANTS TO THE STUDY 

Rossi et al, Thromb Haemost 2011 



Clinical phenoype  
of the proband 

Hazard ratio  
for DVT  

in carriers vs. 
 non-carriers 

Log-rank 
test 

Venous thromboembolism 3.11 
(95% CI 1.40-4.67) 

0.002 

Premature arterial 
thrombosis 

0.55  
(95% CI 0.05-5.46) 

0.62 

Obstetric complication not applicable 0.07 

Asymptomatic not applicable 0.17 

Analysis according to Cox proportional hazards 
model 

Rossi et al, Thromb Haemost 2011 



Inherited thrombophilia and obstetric 
complications 

•  The relative risk for recurrent fetal losses (> 
2) is double among the carriers of AT, PC, 
and PS or factor V Leiden .  

•  The risk for stillbirth was 2 to 7 fold 
increased among carriers of factor V Leiden 

•  The risk associated with PT 20210A is more 
uncertain  

    
   Rey et al, Lancet 2003 
   Kovalevsky et al, Arch Intern Med 2004 
  

    



IUGR 
Howley et al, 
AJOG 2005 



IUGR 
Howley et al, 
AJOG 2005 



Inherited thrombophilia and obstetric 
complications – uncertain associations 

•  Severe preeclampsia 
   Morrison et al, Thromb Haemost 2002    
   kosmas et al, J Hypetens 2003 
   Lin et al, Obstetr Gynecol 2005 

•  Intrauterine growth restriction 
    Howley et al, AJOG 2005              



Inherited thrombophilia and obstetric 
complications – uncertain associations 

•  Abruptio placentae  
    
   Only 3 studies available (on 20, 27, and 50 

cases) reporting inherited thrombophilia 
present in 30 to 50% of cases) 

     
    



CANDIDATES FOR SCREENING 

•  A l l w o m e n w i t h r e c u r r e n t 
unexplained fetal losses and non 
recurrent late unexplained fetal 
loss are  candidates for screening. 

•  The population study “NOHA first” found a 2 to 
3-fold increase in risk for miscarriage after 10 
weeks of gestation among carriers of factor V 
Leiden or PT 20210A (JTH 2005)   



 
IS LMWH TREATMENT JUSTIFIED FOR  PREGNANT 
WOMEN WITH PREVIOUS (RECURRENT)  FETAL LOSS ?  



Ø It has been estimated that after one 
miscarriage the risk of another is 20%;  

Ø after two miscarriages it is 25%,  

Ø and after three miscarriages 30%. 

i.e.: the probability of deliver a viable 
newborn after three miscarriages is 70% 
without any pharmacological intervention 



2003 



2004 



2007 



2008 



•  Heparin and aspirin may be effective in preventing 
miscarriages in women with antiphopsholipid 
antibodies, but not in those without, as shown in 
two recent randomized controlled trials in women 
with at least two consecutive unexplained 
miscarriages (Clark et al, Blood 2010; Kaandorp et 
al, NEJM 2010) 

•  Efficacy of heparin has been demonstrated in two 
randomized pilot studies on women with a history 
of previous obstetric complications (Rey et al, J 
Thromb Haemost 2009; Gris et al, Thromb and 
Haemost 2010) 

•  Large studies on women with inheri ted 
thrombophilia and previous obstetric complications 
are urgently needed 













Low-molecular-weight heparin and recurrent placenta-mediated 
pregnancy complications: a meta-analysis of individual patient 
data from randomised controlled trials (Rodger et al, Lancet 2016) 
 

•  Data from 963 eligible women in eight trials: 480 randomly assigned 
to LMWH and 483 randomly assigned to no LMWH;  403/963 (42%) 
had thrombophilia. 

•   In the primary analysis, LMWH did not significantly reduce the risk 
of recurrent placenta-mediated pregnancy complications (LMWH 
62/444 [14%] versus no LMWH 95/443 (22%), p=0·09; relative risk 
0·64, 95% CI 0·36–1·11, p=0·11).  

•  In subgroup analyses, lLMWH in multicentre trials reduced the 
primary outcome in women with previous abruption (p=0·006) but 
not in any of the other subgroups of previous complications. 



9 th ACCP Conference, Chest 2012 







Thrombosis and Haemostasis, 2012; 107: 477 











 
CONCLUSIONS 

 
•  The pregnancy-related thrombotic risk of 

thrombophilic women is dependent on history 
but also on type of thrombophilia. 

•  Extreme caution should be adopted for women 
with rare thrombophilic abnormalities, in whom 
reports offer controversial data. 

•  LMWH is not justified for prevention of recurrent 
fetal loss in women without thrombophilia. But 
results of RCT cannot applied to thrombophilic 
women, in whom there is evidence of benefit. 


