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ABSTRACT 

OBJECTIVE: The association between recurrent implantation failure and thrombophilia is still contro-

versial depending on the published reports with conflicting results. In this study, we aimed to assess the 

clinical relevance of screening women with recurrent implantation failure for some thrombophilic variants 

including factor V H1299R (FV HR2) haplotype. 

STUDY DESIGN: A total of 279 women were recruited in this case-control study. 229 women with a his-

tory of recurrent implantation failure and 50 fertile control with no history of pregnancy losses were 

screened for eight specific gene mutations, regarding factor V G1691A gene (FV Leiden), FV HR2, fac-

tor II prothrombin G20210A, factor XIII V34L, PAI-1 4G/5G, MTHFR C677T, MTHFR A1298C and A3 

haplotype of the endothelial cell protein C receptor gene. 

RESULTS: Recurrent implantation failure group displayed a significantly higher prevalence of FV HR2  

heterozygosity than fertile controls while the frequency of FV Leiden mutation was comparable between 

groups (p=0.011; p=0.619). Additionally, the difference in the prevalence of other specific or total gene 

mutations among women with recurrent implantation failure was also insignificant. 

DISCUSSION: The primer outcome of this study was the co-existence of the higher prevalence of FV 

HR2 haplotype and the insignificant percentage of FV Leiden mutation in women with recurrent implan-

tation failure. Thus, we emphasize that the HR2 haplotype may be associated with recurrent implanta-

tion failure particularly in non-carriers for FV Leiden mutation. In the necessity of screening for throm-

bophilia in recurrent implantation failure, HR2 haplotype should be involved in the searched gene panel 

particularly in the absence of FV Leiden mutation. Further large-scale prospective studies are needed 

to investigate whether screening or treatment for HR2 haplotype has any detrimental impact on implan-

tation success in cases of recurrent implantation failure. 
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Introduction 

Assisted reproductive treatments (ART) are promising 

techniques in infertility management. However, it may cause 

a burden for couples struggling with multiple failed attempts 

who experience the disappointment of a negative serum/urine 

human chorionic gonadotropin (hCG) level or a biochemical 

pregnancy in the absence of a visible ultrasonographic in-

trauterine gestational sac after repeated ART cycles, in sum-

mary, a diagnose of implantation failure (1). Several studies 

have referred to the underlying causes of implantation failure 

including thrombophilia (2-5). Unfortunately, the contribution 

of thrombophilia as a susceptible factor in recurrent implanta-

tion failure (RIF) is still controversial related to the inconsis-

tent results of previously published reports. 

Even though a consensus on a formal definition of RIF is 

not available, it is usually considered as the absence of achiev-

ing a pregnancy after at least three consecutive in-vitro fertil-

ization (IVF), intracytoplasmic sperm injection (ICSI), or 
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frozen embryo replacement cycles with good quality embryos 

under age of 40 (6). Implantation involves the attachment of 

the embryo to the luminal surface of the endometrium which 

is followed by the migration and invasion through the deeper 

layers (7). In some reports, the disruption of trophoblastic in-

vasion through local microvascular thrombosis of decidual or 

chorionic vessels at the site of implantation has been attributed 

to be the leading factor for implantation failure in throm-

bophilic variants (8). Mostly, inherited thrombophilia con-

tributes to late fetal loss. But implantation failure is also likely 

to be associated with trombophilia through  decreased tro-

phoblast invasion of the spiral arteries, endothelial dysfunc-

tion and abnormal coagulation activation at the maternal–fetal 

interface (9). On the contrary, some authors refuse to entitle 

thrombophilia as a predisposing factor for RIF (7,10).  

Eventually, conflicting results regarding the association be-

tween thrombophilia and RIF had prompted us to investigate 

the prevalence of thrombophilic factors including factor V 

G1691A (FV Leiden), factor V H1299R (FV HR2), factor II 

prothrombin G20210A, factor XIII V34L, PAI-1 4G/5G, meth-

ylenetetrahydrofolate reductase (MTHFR) C677T, (MTHFR) 

A1298C, and A3 haplotype of the endothelial cell protein C  

receptor (EPCR) gene in women with a history of RIF. 

Material and Method 

A total of 279 women were recruited in this case-control 

study which was conducted in an assisted reproduction unit of 

a tertiary care center in Turkey. The study was approved by 

the institutional ethical review board (Ethics approval refer-

ence number: E2-21-538). Informed consent was obtained 

from all patients participating in the study and the study con-

forms to the provisions of the Declaration of Helsinki. A total 

of 229 women with a history of RIF and 50 fertile control 

women with no history of pregnancy losses were screened for 

specific gene mutations. 

The eligibility criteria were considered as a history of neg-

ative serum/urine hCG level or a biochemical pregnancy in the 

absence of a visible ultrasonographic intrauterine gestational 

sac after the transfer of at least four good-quality embryos in 

a minimum of three fresh or frozen cycles under the age of 40 

years, no co-existing medical disorders, and a normal uterine 

cavity verified by ultrasound or hysteroscopy. 

Peripheral blood samples of 2.5 cc were drawn from the 

cases and put into the standard K3 EDTA tubes. Nucleospin 

(MN Macherey-Nagel GmbH, Germany)-nucleic acid isola-

tion-kits were used in order to get genomic DNA from periph-

eral blood samples. After confirmation of presence of isolated 

DNA by adding to the Agarose gel, amplification was applied.  

Peripheral blood was withdrawn and genomic DNA was 

extracted from samples using standard techniques (11). 

Thereafter, genotyping was analyzed with strip assay kits 

(Vienna Lab. Labordiagnostika GmBH, Austria) (12). The 

products were analyzed for eight specific gene mutations in-

cluding FV Leiden, FV HR2, factor II prothrombin G20210A, 

factor XIII V34L, PAI-1 4G/5G, MTHFR C677T, MTHFR 

A1298C, and A3 haplotype of the EPCR gene. Study and con-

trol groups were compared regarding the prevalence of these 

mutations.  

The statistical analyses were performed using SPSS 21.0 

for Windows (SPSS, Chicago, IL, USA). Categorical vari-

ables are presented as the number of cases and percentages.  

Pearson’s Chi-Square Test was performed for the analysis of 

categorical variables. A p-value of <0.05 was considered to be 

significant.  

Results 

In our results, FV HR2 haplotype had a significantly 

higher prevalence of heterozygosity in women with RIF than 

fertile controls (18.6% vs 2%; p=0.011). The heterozygous 

and homozygous mutations of FV Leiden in RIF were 

recorded as 10.6 % vs 1.8 % respectively. However, the dif-

ference between the study and the control groups did not reach 

statistical significance (p=0.619). Additionally, the frequency 

of the other specific or total gene mutations (factor II pro-

thrombin G20210A, factor XIII V34L, PAI-1 4G/5G, 

MTHFR C677T, MTHFR A1298C and A3 haplotype of 

EPCR gene) among patients with implantation failure were 

also similar (p=0.899; p=0.214; p=0.103; p= 0.447; p= 0.777; 

p=0.839). The prevalence of the mutations is shown in detail 

in table 1. 

 HOM-IF% HET-IF% HOM-N% HET-N% p value* 

Factor V G1691A (FV Leiden) 1.8 10.6 0 12 0.619 

Factor V H1299R (FV HR2) 0 18.6 2 2 0.011 
Factor II prothrombin G20210A 0 4.4 0 4 0.899 

Factor XIII V34L 5.7 20 0 24 0.214 

PAI-1 4G/5G 23.7 48.2 20 64 0.103 

MTHFR C677T 10.6 45.8 12 36 0.447 

MTHFR A1298C 10.5 50.4 14 48 0.777 

A3 haplotype of EPCR gene 4.3 21.7 2 24 0.839 

Table I: Prevalence of thrombophilic mutations

HOM: homozygous; HET: heterozygous; IF: implantation failure; N: controls. *Pearson Chi-Square
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Discussion 

The association between RIF and thrombophilia is still con-

troversial depending on the published reports with conflicting 

results. In literature, FV Leiden mutation is a frequently 

searched susceptible factor in RIF  whereas another factor V 

gene variant, HR2 haplotype has been underestimated (13-15). 

FV Leiden (1691 G_ A substitution) is one of the most com-

mon variants of the FV gene which blocks the inactivation of 

factor Va by activated protein C (APC) and results in APC re-

sistance. Another nucleotide change in exon 13 of FV gene , 

HR2 haplotype (4070 A-G transition), is also associated with a 

mild APC resistance and increased risk of thrombotic events 

(12). In this study, we found that women with a history of RIF 

had displayed a significantly higher prevalence of HR2 het-

erozygosity than fertile controls while the frequency of FV 

Leiden mutation was comparable between groups. 

It has been postulated that the HR2 haplotype is solely as-

sociated with an increased risk of venous thromboembolism 

(VTE)  in the absence of FV Leiden mutation with an odds 

ratio of 2.0 (95% CI: 1.2-3.5, p=0.01) (16). Moreover, co-in-

heritance of factor V Leiden and HR2 heterozygosity leads to 

a 3- to 4-fold increase in the relative risk of VTE with a severe 

APC resistance phenotype in comparison with factor V 

Leiden alone (17). In light of these, the tendency for throm-

botic events in presence of H2 haplotype of factor V gene may 

also contribute to implantation failure through local microvas-

cular thrombosis of decidual or chorionic vessels at the site of 

implantation. 

In literature, the number of studies searching the associa-

tion between implantation failure and HR2 haplotype has been 

limited. In a prospective cohort study, 1717 patients undergo-

ing their first fresh ART cycle with no exclusion criteria were 

screened for several thrombophilic mutations, and no signifi-

cant differences in embryo implantation were reported includ-

ing HR2 haplotype (18). In a study including 42 women with 

a history of recurrent implantation failure, Coulam et al did 

not observe any association between RIF and  HR2 haplotype 

(19). Further, in some studies the presence of HR2 haplotype 

was found to be associated with the risk of recurrent preg-

nancy loss (RPL): Goodman et al assessed that HR2 haplotype 

solely was not correlated with RPL risk, however in total 

analysis with other mutations, the association reached to a sta-

tistical significance (10). In another study, it was suggested 

that heterozygosity of HR2 haplotype in both parents (20) 

should be considered as a risk factor for RPL. 

Zaher et al concluded that in VTE patients, non-carriers of 

FV Leiden mutation were 2,7 times more likely to have HR2 

haplotype as compared to controls (p=0.036, 95% CI=1.04-

7.06) (21).  In our study of implantation failure, we obtained 

similar results supporting the coexistence of the higher preva-

lence of HR2 haplotype and the insignificant percentage of FV 

Leiden mutation in women with RIF. Thus we emphasize that 

the HR2 haplotype may be associated with RIF particularly in 

non-carriers for FV Leiden mutation. 

The limitation of the study was that the concurrent status 

of FV Leiden and FV HR2 mutations were not defined in 

groups separately. Thus, the frequency of FV Leiden−/FV 

HR2+ patients could not be calculated by itself in the RIF 

group. 

Routine screening for thrombophilia in RIF is still a mat-

ter of debate. In a review by Ata et al, it was concluded that 

testing or treatment for congenital thrombophilia in RIF 

should be recommended in patients with a personal or family 

history of VTE (22). If screening is required, HR2 haplotype 

should be involved in the searched thrombophilic gene panel 

especially in the absence of FV Leiden mutation.  

Due to high prevalence of MTHFR polymorphisms in fer-

tile couples, anticoagulant prophylaxis is not required and 

supplementation with folic acid  is  just recommended. But the 

presence of a possible association between FV HR2 and RIF 

still remains elusive, so the role of anticoagulation with low 

dose aspirin or low molecular weight heparin (LMWH) in 

such cases warrants  further evaluation. Large-scale studies 

are needed to determine whether screening or treatment for 

HR2 haplotype in the factor V gene has any detrimental im-

pact on implantation success in RIF. 

Declarations 
Acknowledgment Presented as a poster presentation at 69th 
Conjoint Meeting of the International Federation of Fertility 
Societies and the American Society for Reproductive Medicine 
Boston, October 12-17, 2013. 
Ethics approval and consent to participate: All participants 
signed informed written consent before being enrolled in the 
study. The study was reviewed and approved by the ethics 
committee of the University of Health Sciences, Ankara City 
Hospital  
Availability of data and materials: The datasets and code used 
and/or analyzed during the current study are available from 
the corresponding author on reasonable request. 
Competing interests: The authors declare that they have no 
competing interests. 
Funding: None.   
Authors’ contributions: Constructing the hypothesis or idea of 
research and/or article ASOE; Planning methodology to reach 
the conclusions ASOE; Organizing, supervising the course of 
progress and taking the responsibility of the research/study 
NY, SE; Taking responsibility in patient follow-up, collection 
of relevant biological materials, data management, and re-
porting, execution of the experiments ZC, SY; Taking respon-
sibility in logical interpretation and conclusion of the results 
ASOE, PGC; Taking responsibility in necessary literature re-
view for the study PGC; Taking responsibility in the writing of 
the whole or important parts of the study PGC; Reviewing the 
article before submission scientifically besides spelling and 



230    Ozgu Erdinc AS. Gulsen Coban P. Yilmaz N. Candemir Z. Yilmaz S. Erkaya S. 

grammar. ASOE; Providing personnel, environment, financial 
support tools that are vital for the study ASOE; Biological ma-
terials, taking responsibility ZC. All authors read and ap-
proved the final manuscript. 

References 

1. Bashiri A, Halper KI, Orvieto R. Recurrent Implantation 

Failure-update overview on etiology, diagnosis, treatment 

and future directions. Reprod Biol Endocrinol. 2018; 

16(1):121. Doi: 10.1186/s12958-018-0414-2. PMID: 30 

518389;  PMCID: PMCPMC6282265. 

2. Penzias AS. Recurrent IVF failure: other factors. Fertil 

Steril. 2012;97(5):1033-8. Doi: 10.1016/j.fertnstert. 2012. 

03.017. PMID: 224647 59. 

3. Qublan HS, Eid SS, Ababneh HA, Amarin ZO, Smadi AZ, 

Al-Khafaji FF, et al. Acquired and inherited thrombop hi -

lia: implication in recurrent IVF and embryo transfer fail-

ure. Hum Reprod. 2006;21(10):2694-8. Doi: 10.1093/ 

humrep/del203. PMID: 168352 15. 

4. Devranoglu B, Yayla Abide C, Ozkaya E, Senol T, Kutlu 

T, Kayatas Eser S. Coagulation tests at trigger day in pa-

tients with Factor V Leiden Mutation to predict implanta-

tion failure. Gynecol Obstet Reprod Med. 2018;24(2):76-

81. Doi: 10.21613/gorm.2017.754. 

5. Hekimoğlu R, Pergin A, Uğur Y, Beksaç S, Turğal M, 

Çakar N. Impaired Implantation and Hereditary 

Thrombophila; Expression of LIF (Leukemia Inhibitory 

Factor) on Extravillous Trophoblasts. Gynecol Obstet 

Reprod Med. 2012;18(3):123-6. 

6. Coughlan C, Ledger W, Wang Q, Liu F, Demirol A, 

Gurgan T, et al. Recurrent implantation failure: definition 

and management. Reprod Biomed Online. 2014;28(1):14-

38. Doi: 10.1016/j.rbmo.2013.08.011. PMID: 24269084. 

7. Ivanov P, Tsvyatkovska T, Konova E, Komsa-Penkova 

R. Inherited thrombophilia and IVF failure: the impact of 

coagulation disorders on implantation process. Am J 

Reprod Immunol. 2012;68(3):189-98. Doi: 10.1111/j. 

1600-0897.2012.01156.x. PMID: 22620672. 

8. Kupferminc MJ, Eldor A, Steinman N, Many A, Bar-Am 

A, Jaffa A, et al. Increased frequency of genetic throm-

bophilia in women with complications of pregnancy. N 

Engl J Med. 1999;340(1):9-13. Doi: 10.1056/NEJM 1999 

01073400102. PMID: 9878639. 

9. Hossain N, Paidas MJ. Adverse pregnancy outcome, the 

uteroplacental interface, and preventive strategies. Semin 

Perinatol. 2007;31(4):208-12. Doi: 10.1053/j.semperi. 

2007.05.002. PMID: 17825674. 

10. Goodman CS, Coulam CB, Jeyendran RS, Acosta VA, 

Roussev R. Which thrombophilic gene mutations are risk 

factors for recurrent pregnancy loss? Am J Reprod 

Immunol. 2006;56(4):230-6. Doi: 10. 1111/j.1600-0897. 

2006.00419.x. PMID: 16938111. 

11. Miller SA, Dykes DD, Polesky HF. A simple salting out 

procedure for extracting DNA from human nucleated 

cells. Nucleic Acids Res. 1988;16(3):1215. Doi: 10.1093/ 

nar/16.3.1215. PMID: 3344216; PMCID: PMCPMC33 4 

765. 

12. Yenicesu GI, Cetin M, Ozdemir O, Cetin A, Ozen F, 

Yenicesu C, et al. A prospective case-control study ana-

lyzes 12 thrombophilic gene mutations in Turkish couples 

with recurrent pregnancy loss. Am J Reprod Immunol. 

2010;63(2):126-36. Doi: 10.1111/j.1600-0897.2009.00 

770.x. PMID: 19906129. 

13. Ricci G, Bogatti P, Fischer-Tamaro L, Giolo E, Luppi S, 

Montico M, et al. Factor V Leiden and prothrombin gene 

G20210A mutation and in vitro fertilization: prospective 

cohort study. Hum Reprod. 2011;26(11):3068-77. Doi: 

10.1093/humrep/der261. PMID: 21868400. 

14. Rudick B, Su HI, Sammel MD, Kovalevsky G, Shaunik A, 

Barnhart K. Is factor V Leiden mutation a cause of in vitro 

fertilization failure? Fertil Steril. 2009;92(4): 1256-9. Doi: 

10.1016/j.fertnstert.2009.03.089. PMID: 19464002. 

15. Simur A, Ozdemir S, Acar H, Colakoglu MC, Gorkemli 

H, Balci O, et al. Repeated in vitro fertilization failure and 

its relation with thrombophilia. Gynecol Obstet Invest. 

2009;67(2):109-12. Doi: 10.1159/000165 776. PMID: 

18957855. 

16. Alhenc-Gelas M, Nicaud V, Gandrille S, van Dreden P, 

Amiral J, Aubry ML, et al. The factor V gene A4070G 

mutation and the risk of venous thrombosis. Thromb 

Haemost. 1999;81(2):193-7. PMID: 10063990. 

17. Faioni EM, Franchi F, Bucciarelli P, Margaglione M, De 

Stefano V, Castaman G, et al. Coinheritance of the HR2 

haplotype in the factor V gene confers an increased risk of 

venous thromboembolism to carriers of factor V R506Q 

(factor V Leiden). Blood. 1999;94(9):3062-6. PMID: 

10556190. 

18. Patounakis G, Bergh E, Forman EJ, Tao X, Lonczak A, 

Franasiak JM, et al. Multiple thrombophilic single nu-

cleotide polymorphisms lack a significant effect on out-

comes in fresh IVF cycles: an analysis of 1717 patients. J 

Assist Reprod Genet. 2016;33(1):67-73. Doi: 10.1007/s 

10815-015-0606-z. PMID: 26545911; PMCID: PM-

CPMC4717134. 

19. Coulam CB, Jeyendran RS, Fishel LA, Roussev R. 

Multiple thrombophilic gene mutations are risk factors for 

implantation failure. Reprod Biomed Online. 2006;12(3): 

322-7. Doi: 10.1016/s1472-6483(10) 61004-8. PMID: 165 

69320. 

20. Ozdemir O, Yenicesu GI, Silan F, Koksal B, Atik S, Ozen 

F, et al. Recurrent pregnancy loss and its relation to com-

bined parental thrombophilic gene mutations. Genet Test 

Mol Biomarkers. 2012;16(4):279-86. Doi: 10.1089/gtmb. 

2011.0191. PMID: 22047507. 

21. Otrock ZK, Taher AT, Shamseddeen WA, Zaatari G, 

Bazarbachi A, Mahfouz RA. Factor V HR2 haplotype: a 

risk factor for venous thromboembolism in individuals 



Gynecology Obstetrics & Reproductive Medicine 2022;28(3):227-231 231

with absence of Factor V Leiden. Ann Hematol. 

2008;87(12):1013-6. Doi: 10.1007/s00277-008-0543-3. 

PMID: 18654780. 

22. Ata B, Urman B. Thrombophilia and assisted reproduction 

technology-any detrimental impact or unnecessary 

overuse? J Assist Reprod Genet. 2016;33(10):1305-10. 

Doi: 10.1007/s10815-016-0771-8. PMID: 27423663; 

PMCID: PMCPMC5065550.


