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Abstract

Background: The largest percentage of failed invitro fertilization (IVF) cycles, are
due to lack of implantation. As hereditary thrombophilia can cause in placentation
failure, it may have a role in recurrent IVF failure.

Objective: Aim of this case-control study was to determine whether hereditary
thrombophilia is more prevalent in women with recurrent I\VF failures.

Materials and Methods: Case group comprised 96 infertile women, with a history
of recurrent IVF failure. Control group was comprised of 95 healthy women with
proven fertility who had conceived spontaneously. All participants were assessed for
the presence of inherited thrombophilias including: factor V Leiden, methilen
tetrahydrofolate reductase (MTHFR) mutation, prothrombin mutation, homocystein
level, protein S and C deficiency, antithrombin Il (AT-IIl) deficiency and
plasminogen activator inhibitor-1 (PAI-1) mutation. Presence of thrombophilia was
compared between groups.

Results: Having at least one thrombophilia known as a risk factor for recurrent IVF
failure (95% Cl=1.74-5.70, OR=3.15, p=0.00). Mutation of factor V Leiden (95%
Cl=1.26-10.27, OR=3.06, P=0.01) and homozygote form of MTHFR mutation (95%
Cl=1.55-97.86, OR=12.33, p=0.05) were also risk factors for recurrent I\VF failure.
However, we could not find significant difference in other inherited thrombophilia’s.
Conclusion: Inherited thrombophilia is more prevalent in women with recurrent
IVF failure compared with healthy women. Having at least one thrombophilia,
mutation of factor V Leiden and homozygote form of MTHFR mutation were risk
factors for recurrent IVF failure.
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Introduction

the majority of infertility centers, only

one third of all in vitro fertilization
(IVF) cycles reach clinically achieved
pregnancy and the majority of them still fail
(1). The largest percentage of failed IVF
cycles, are due to lack of implantation. In
some patients, implantation failure occurs
repeatedly (2). Recurrent IVF failure
commonly defines as Failure to achieve a
pregnancy following 2-6 IVF cycles, in which
more than 10 high-grade embryos were
transferred into the uterus (3).

Embryo quality and endometrial receptivity
are two significant factors that believed to be
the key points in implantation. The possible
causes of repeated embryo implantation
failure have been widely investigated. The
most identified causes are decreased
endometrial receptivity, embryonic defects

Despite the multiple embryo transfer in

and factors with combined effects (4, 5).
Suggested methods for investigation and
treatment of recurrent IVF failure is 1)
improving endometrial receptivity, 2) treatment
of the embryos, and 3) multifactorial treatment
options (4).

Recently, the role of hereditary
thrombophilia in recurrent IVF failure is
implicated. The  association between
thrombophilia and recurrent pregnancy loss or
poor pregnancy outcome is well known. It may
act by impairing the initial vascularization
process occurring at implantation, which is
necessary for a successful pregnancy (6-9).
However, there are Ilimited data on the
association between thrombophilia, hereditary
or acquired, with female infertility and IVF
failure (7, 8, 10-12) especially in our
population, Iran. Present study was conducted
to determine the incidence of undiagnosed
thrombophilia factors among the population of
infertile women referring to Shariati Infertility
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Center; and to investigate whether hereditary
thrombophilia is more prevalent in woman with
recurrent IVF failures.

Materials and methods

With approval of the ethics committee of
Tehran University of Medical Sciences and
after obtaining written consent from all
participants, this prospective study was
conducted between 2007 and 2011 in Shariati
Hospital IVF Center, Tehran, Iran. Case group
was comprised 96 infertile women, aged 20-
40 years old, with a history of recurrent IVF
failure. Recurrent IVF failure was defined as at
least three consecutive failed IVF cycles.
Failed IVF cycle was defined as failure to
achieve clinical pregnancy in a cycle in which
at least three good quality embryos (grade | or
II) were transferred. Indications for IVF were
male factor, ovulatory factor, tubal factor and
unexplained infertility. In our center all
fertilizations are  performed by intra
cytoplasmic sperm injection (ICSI).

Control group was comprised of 95 healthy
women with proven fertility, matched for age,
with no history of thrombo-embolic events,
who had conceived spontaneously and had at
least one uneventful pregnancy, without any
complication (such as  preeclampsia,
intrauterine growth restriction and intrauterine
fetal death). They were selected among
women who were delivered in our tertiary
hospital during the research period. Smokers,
women of known anti phospholipid syndrome,
women with history of thrombo-embolic
events, diabetes, thyroid diseases, collagen-
vascular diseases, uterine myoma,
endometriosis, hydrosalpinx, and uterine
cavity abnormalities were excluded from the
study. To omit the probable effect of steroids
on protein S, participants were chosen among
patients who have not administered any
hormonal agents (estrogen and combined
contraceptives) in recent two months. As folic
acid, vitamin B6 and B12 may alter the
homocystein level, patients also have not
administered folic acid or multivitamin
supplements in recent two months.

All  participants were screened for
antiphospholipid antibodies and they excluded
from study if they had positive results. Others
were assessed for the presence of inherited
thrombophilia’s including: factor V Leiden,
methylene tetrahydrofolate reductase
(MTHFR) C677T mutation, prothrombin
20210A mutation, homocystein level, protein
S and C deficiency, antithrombin 11 (AT-11I)

deficiency, and plasminogen activator
inhibitor-1 (PAI-1) mutation. All lab tests were
performed and repeated after 6 weeks in
cases of abnormal findings, in same
laboratory, using PCR method for factor V
Leiden, chromogenic method for antithrombin
3, and ELISA method for prothrombin
20210G, protein S, protein ¢ and PAI_1.

Statistical analysis

Numerical variables were reported as
mean+SD. We used independent sample t-
test and Chi-square test to compare
gquantitative and  qualitative  variables,
respectively. To evaluate whether inherited
thrombophilia’s could predict the recurrent IVF
failure, we used logistic regression analysis.
Univariable analysis was performed, in which
odds ratio (ORS) and 95% confidence
intervals (95% ClIs) were calculated. P-value
<0.05 was considered to be statistically
significant. All analyses were performed using
SPSS software (Statistical Package for the
Social Sciences, version 14.0, SPSS Inc,
Chicago, lllinois, USA).

Results

The analysis was performed on the
complete data of 191 patients (96 in case
group and 95 in control group). Mean age of
the study population was 34.59+5.11, which
was comparable between groups. Case group
comprised primary and secondary infertile
couples in 67.7% and 32.2%, respectively.
Mean duration of infertility was 8.7+3.6 years.
The most prevalent infertility cause was
unexplained infertility in 39 (40.6%) patients.
Other causes were male factor in 22 (22.9%),
ovulatory factor in 21 (21.9%), and tubal factor
in 14 (14.6%) patients (Table I). As shown in
table 11, the prevalence of thrombophilia was
not significantly different in infertility groups
with different etiologies. Fifty nine patients in
case group (61.5%) had at least one inherited
thrombophilia compared with 31 women
(32.61%) in control group.

When the impact of inherited thrombophilia
on recurrent IVF failure, was evaluated by
regression, a significant association was
observed and having at least one
thrombophilia known as a risk factor for
recurrent IVF failure (95% CI=1.74-5.70,
OR=3.15, p=0.000) (Table ). Factor V
Leiden mutation (found in 11%) and
MTHFRC677T mutation (homozygote form
found in 6.3% and heterozygote form in
11.5%) were the most common inherited
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thrombophilia’s. The prevalence of inherited
thrombophilia’s is displayed in Table I.
Prevalence of factor V Leiden mutation and
MTHFR C677T mutation in recurrent IVF
failure group was significantly higher
compared to controls (p<0.05). Mutation of
factor V Leiden and homozygote form of
MTHFR C677T mutation were risk factors for
recurrent IVF failure. However, we could not

mutation. As shown in table Ill, we had no
case of PAI-1 mutation in healthy group.

Table 1. Characteristics of the infertile study group (N=96)
Characteristics
Infertility duration (years, mean+ SD)
Infertility type (n, %)
Primary 65 (67.7%)
Secondary 31 (32.2%)

8.71%3.65 (2-16)

find this difference in other inherited Infertility cause (n, %)

e . . . Ovarian factor 21 (21.9%)
thrombophilia’s including  prothrombin Tubal factor 14 (14.6%)
mutation, hyperhomocysteinemia, protein S Male factor 22 (22.9%)
and C deficiency, AT-llI deficiency, and PAI-1 Unexplained 39 (40.6%)
Table I1. Inherited thrombophilia and infertility cause

Thrombophilia positive [n (%0)] Thrombophilia negative [n (%0)] p-value OR
Ovarian factor 12 (57.1) 9 (42.9) 0.80 1.14 (0.53-2.45)
Tubal factor 8 (57.1) 6 (42.9) 0.77 1.14 (0.43-3.03)
Male factor 12 (54.5) 10 (45.5) 0.62 1.27 (0.61-2.64)
Unexplained 26 (66.7) 13 (33.3) 0.396 1.19 (0.86-1.65)

Table I11. Inherited thrombophilia in the study population

Recurrent IVF failure group

Healthy women

(N=96) (N=95) p-value OR (95% CI)

Age (years) 36.16 + 4.68 33.01+ 5.06 0.59
All thrombophilia’s 59 (61.5%) 31 (32.6%) 0.00 3.15(1.74-5.70)
Factor V Leiden mutation 16 (16.7%) 5 (5.3%) 0.01 3.60 (1.26- 10.27)
MTHFR C677T mutation

-Homozygote 11 (11.5%) 1(1.1%) 0.05 12.33 (1.55- 97.86)

-Heterozygote 11 (11.5%) 11 (11.6%) ' 1.12 (0.45- 2.73)
Prothrombin 20210A mutation 9 (9.4%) 4 (4.2%) 0.16 2.35(0.69- 7.92)
Hyperhomocysteinemia 7 (7.3%) 7 (7.4%) 0.98 0.98 (0.33-2.93)
Protein C deficiency 4 (4.2%) 3 (3.2%) 0.71 1.33(0.29-6.12)
Protein S deficiency 4 (4.2%) 2 (2.1%) 0.42 2.02 (0.36- 11.30)
AT-111 deficiency 2 (2.1%) 1(1.1%) 0.57 2(0.17-22.43)
PAI-1 mutation

-Homozygote 2 (2.1%) 0 1.000

-Heterozygote 10 (10.4%) 10 (10.5%) ) 1.01 (0.40- 2.55)

MTHFR: methylene tetra hydro folate reductase.

Discussion

Our results revealed a higher prevalence of
inherited thrombophilia in women with
repeated IVF failure compared with normal
women. This fact reinforces the association of
this pathology with vascular impairment and a
consequent difficulty in embryo implantation.
Factor V Leiden mutation and MTHFR C677T
mutation were significantly more prevalent in
IVF failure group, where other thrombophilia’s
were not. Having at least one thrombophilia,
mutation of factor V Leiden and homozygote
form of MTHFR C677T mutation were risk
factors for recurrent IVF failure. Recurrent
pregnancy loss and pregnancy complications
such as severe pre-eclampsia, fetal growth
restriction and stillbirth are more common
among patients with either inherited or
acquired thrombophilia defect (13-15). A
possible responsible mechanism could be the

AT-III: anti thrombin- I11.

PAI-1: plasminogen activator inhibitorl.

thrombosis of maternal vessels, which
reduces the perfusion of intervillous space
leading to placentation failure. Failures of
implantation and early placentation of
embryos in IVF may cause by similar
mechanisms. Thrombosis in the placental
vessels leads to hypo perfusion of the
intervillous space and may cause placentation
failure (13, 14).

However, other mechanisms may be
responsible too, like the damage of decidual
or chorionic vessels, or reduction of
trophoblast invasiveness (16, 17). Our finding
is in agreement with those of who reported an
association between IVF failure and an
increase incidence of thrombophilia (7, 8). The
mechanism by which thrombophilia affects
recurrent pregnancy loss and IVF failure is yet
undetermined. In line with our results Simur
showed that a finding of at least one
thrombophilia factor was more common in the
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group of women with implantation failure.
However their result was not statistically
significant, which could be the effect of their
small study population (18).

Factor V Leiden mutation and MTHFR
C677T mutation were significantly more
prevalent in IVF failure group, where other
thrombophilia’s were not. There is however no
consensus on type of inherited thrombophilia
associated with repeated pregnancy loss. One
study reported that mutations of the factor V
Leiden and protrombin gene might have a role
in implantation failure or in pregnancy loss
after IVF (7). A review article suggest that
factor V Leiden is more prevalent in women
with IVF failure compared with fertile parous
women or women who achieve a live birth
after IVF. There is an overall 3-fold increased
risk of IVF failure associated with factor V
Leiden, which is significantly higher among
the heterozygotes.

In this review, the prevalence of MTHFR
mutation in women with IVF failure was similar
to controls overall and also when MTHFR
homozygotes and heterozygotes were
evaluated separately. However, MTHFR
C677T mutation in our study was significantly
more prevalent in IVF failure group, especially
the homozygote form. In agreement with our
study the presence of protein C, protein S,
and anti-thrombin deficiencies were previously
shown to be similar between women with and
those without ART failure (19). Evaluation of
thrombophilia’s may be an additional
evaluation beside other host evaluations in
patients with recurrent IVF failure. However,
the relationship between ART failure and
thrombophilia remains largely inconclusive.
The result of our study is limited because of
the case-control nature of the study and large
prospective investigations are warranted to
confirm this association before embarking in
screening or intervention studies.

Acknowledgments

Authors would thank student Elham

Kheyrollahi for her effort on this project.
Conflict of interest

We declare that we had no conflicts of
interest.

References

1. Simon A, Laufer N. Repeated implantation failure:
clinical approach. Fertil Steril 2012; 97: 1039-1043.

2. Di Micco P, D'Uva M, Lodigiani C, Rota LL.
Thrombophilia and repeated in vitro fertilisation and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

embryo transfer failure: an open issue. Thromb
Haemost 2010; 103: 472-473.

Tan BK, Vandekerckhove P, Kennedy R, Keay SD.
Investigation and current management of recurrent
IVF treatment failure in the UK. BJOG 2005; 112:
773-780.

Margalioth EJ, Ben-Chetrit A, Gal M, Eldar-Geva T.
Investigation and treatment of repeated implantation
failure following IVF-ET. Hum Reprod 2006; 21:
3036-3043.

Penzias AS. Recurrent IVF failure: other factors.
Fertil Steril 2012; 97: 1033-1038.

Geva E, Amit A, Lerner-Geva L, Azem F, Yovel I,
Lessing JB. Autoimmune disorders: another possible
cause for in-vitro fertilization and embryo transfer
failure. Hum Reprod 1995; 10: 2560-2563.

Grandone E, Colaizzo D, Lo Bue A, Checola MG,
Cittadini E, Margaglione M. Inherited thrombophilia
and in vitro fertilization implantation failure. Fertil
Steril 2001; 76: 201-202.

Azem F, Many A, Ben Ami |, Yovel I, Amit A, Lessing
JB, Kupferminc MJ. Increased rates of thrombophilia
in women with repeated IVF failures. Hum Reprod
2004; 19: 368-370.

Kujovich  JL. Thrombophilia and pregnancy
complications. Am J Obstet Gynecol 2004; 191: 412-
424,

Martinelli 1, Taioli E, Ragni G, Levi-Setti P,
Passamonti SM, Battaglioli T, Lodigiani C, Mannucci
PM. Embryo implantation after assisted reproductive
procedures and maternal thrombophilia.
Haematologica 2003; 88: 789-793.

Coulam CB, Jeyendran RS, Fishel LA, Roussev R.
Multiple thrombophilic gene mutations are risk factors
for implantation failure. Reprod Biomed Online 2006;
12: 322-327.

Qublan HS, Eid SS, Ababneh HA, Amarin ZO, Smadi
AZ, Al-Khafaji FF, Khader YS. Acquired and inherited
thrombophilia: implication in recurrent IVF and
embryo transfer failure. Hum Reprod 2006; 21: 2694-
2698.

Kupferminc MJ, Eldor A, Steinman N, Many A, Bar-
Am A, Jaffa A, et al. Increased frequency of genetic
thrombophilia in women with complications of
pregnancy. N Engl J Med 1999; 340: 9-13.

Rey E, Kahn SR, David M, Shrier I. Thrombophilic
disorders and fetal loss: a meta-analysis. Lancet
2003; 361: 901-908.

Kovalevsky G, Gracia CR, Berlin JA, Sammel MD,
Barnhart KT. Evaluation of the association between
hereditary thrombophilias and recurrent pregnancy
loss: a meta-analysis. Arch Intern Med 2004; 164:
558-563.

Mousa HA, Alfirevicl Z. Do placental lesions reflect
thrombophilia state in  women with adverse
pregnancy outcome? Hum Reprod 2000; 15: 1830-
1833.

Rand JH, Wu XX, Guller S, Scher J, Andree HA,
Lockwood CJ. Antiphospholipid immunoglobulin G
antibodies reduce annexin-V levels on
syncytiotrophoblast apical membranes and in culture
media of placental villi. Am J Obstet Gynecol 1997;
177: 918-923.

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: 109-112.

Di Nisio M, Rutjes AW, Ferrante N, Tiboni GM,
Cuccurullo F, Porreca E. Thrombophilia and
outcomes of assisted reproduction technologies: a
systematic review and meta-analysis. Blood 2011;
118: 2670-2678.

470 Iranian Journal of Reproductive Medicine Vol. 12. No. 7. pp: 467-470, July 2014



