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Abstract

Implantation of the embryo into the endometrium is the first step in the es-
tablishment of pregnancy. This process is complex, and depends on many
factors. Recurrent implantation failure is a source of distress to patients and
specialists. It is defined as fajlure to achieve a viable pregnancy, following “>3
embryo transfers with high quality embryos or the transfer of > 10 embryos in
multiple transfers”. Thrombophilic conditions that contribute to recurrent
implantation failure are the main concern in this review. The mechanism of
implantation failure is believed to be due to decreased blood flow to the en-
dometrium and placenta which can hinder normal endometrial receptivity
leading to miscarriage. Defects in early placentation resulting in pregnancy
failure, have focused attention on the therapeutic potential of low molecular
weight heparin in the implantation process. Heparin has a role at all stages of
implantation to improve pregnancy outcomes. There are controversies in li-
terature regarding the association between thrombophilia and recurrent im-
plantation failure and available literature regarding this issue is very hetero-
geneous. Various investigators, have shown that women with RIF are more
likely to have a thrombophilia disorder, yet a clear cause cannot be acknowl-
edged from these studies. Heparin treatment has been evaluated in several
studies, showing conflicting evidence. However, several studies have pointed
out that it may play a role in a subset of patients who presents a thrombophi-
lia mutation, thus the group of patients that might benefit is needed to be
identified. This review is dedicated to evaluate the published literature about
the role of low molecular weight heparin in case of recurrent implantation
failure with or without the presence of thrombophilia.
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1. Introduction

While innovations in assisted reproductive technologies have been significant,
failure of the viable embryo to implant remains a source of distress to patients
and specialists. Defects in early placentation resulting in pregnancy failure, have
focused attention on the therapeutic potential of low molecular weight heparin
(LMWH) in the implantation process. The clinical evidence supporting the use
of LMWH is weak. The literature in this field is filled with challenges, as the
published studies are of small sample size, heterogeneous, with different type of
biases. This review is dedicated to evaluate the published literature about the role

of LMWH in case of recurrent implantation failure (RIF).

2. Implantation of the Embryo

Implantation of the embryo into the endometrium is the first step in the estab-
lishment of pregnancy. This process is complex, initiated by the recognition and
adhesion between the embryo surface and the uterine epithelium, and depends
on many factors [1]. It involves, embryo apposition, adhesion, and invasion into
the endometrium. First, the embryo attaches to the luminal surface of the endo-
metrium, penetrates the epithelium followed by migration and invasion into the
deeper layer of the endometrium to the circulatory system of the mother [2] [3].
Embryo viability and endometrial receptivity are synchronized to allow for suc-

cessful implantation and establishment of pregnancy [4].

3. Endometrial Receptivity

During the menstrual cycle, functional changes in the endometrium are essential
for implantation. A variety of secretions from the secretory epithelium are es-
sential for embryo survival such as chemokines, growth factors, and cell adhe-
sion molecules (CAMs) that attract the blastocyst to specific docking sites for
implantation.

The embryo implants in the endometrium within a short period of time which
is the receptive phase of endometrium or the implantation window that opens 5
to 6 days after ovulation [1]. During this window, the epithelium develops
structures known as pinopodes (micro protrusions present on the surface of the
endometrium), induced by progesterone, that express chemokines and CAMs
that attract the embryo for its adherence [4]. The formation of pinopodes is as-
sociated with increased endometrial receptivity. One important mechanism of
these pinopodes is the removal of adhesion-inhibiting mucin during the window
of implantation, forcing the blastocyst to be in contact with the endometrium
[2].

By the third to fourth day after fertilization, the embryo is composed of mul-
tiple cells encapsulated by the zona pellucida. At the fifth day after fertilization,
the embryo is referred to as a blastocyst which comprises the outer layer of cells
known as the trophectoderm, and an inner cell mass, a group of cells lying under

the trophectoderm at one end of the blastocele. For a proper implantation, the
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blastocyst should become fixed in position to form a physical contact with the
uterus. This developing blastocyst interacts with the endometrial epithelium by
producing multiple cytokines, chemokines, and CAMs that facilitate adherence.
Any disruption in the synchrony between the blastocyst development and en-
dometrium increases the chances of implantation failure [1] [2] [4].

Understanding the dynamic of the endometrium and the large biochemical
and molecular players required for implantation may be helpful to understand
the role of LMWH in patients with RIF. Under optimal conditions, the maximal
chance of implantation is about 40% per cycle [2].

A synchronized dialogue between the mother and the developing embryo is
essential for an optimal implantation process. The implantation process relies on
various chemical factors that facilitate the process of adhesion and invasion.
Among these molecules (produced either by the endometrial cells or the blasto-
cyst) are Leukemia inhibiting factor (LIF), Interleukin-1 (IL-1), Heparin-Bind-
ing Epidermal Growth Factor (HB-EGF), Prolactin, Insulin-like Growth Factor
(IGF-1) and Insulin-like Growth-Factor-Binding Protein (IGFBP-1), adhesion
molecules including L-selectin and E-cadherin; extracellular matrix (ECM) pro-
teins, prostaglandins and Bone Morphogenetic Proteins (BMPs) [4] [5].

Three main molecules are involved in the apposition of the embryo: Colony-
stimulating factor-1 (CSF-1), LIF and their corresponding receptors, are found
in human endometrium and preimplantation embryo. IL-1 stimulates trophob-
last cells to secrete hCG, endometrium to increase expression of vascular endo-
thelial growth factor (VEGF) and HB-EGF, increasing permeability of capilla-
ries. In return, blastocyst contains receptors that respond to HB-EGF to promote
growth and hatching of zona pellucida [2].

As for the adhesion, integrins, selectins and trophinin are involved in this
process. Cell adhesion is mediated by expression of laminin and fibronectin
from decidualized endometrium and early embryo [2].

Clinically, implantation is considered successful when evidence of intrauterine
gestational sac is evident on ultrasound [3]. The implantation rate is defined as
the number of intrauterine gestational sac seen by ultrasound divided by the to-
tal number of embryos transferred into the uterine cavity. In /n Vitro Fertiliza-
tion (IVF) cycles, the implantation rate is about 25% at day 3, increasing to 40 %
on day 5 [3].

4. Implantation Failure (IF)

IF can refer to two types of situations. Defined “early” when a negative urine or
blood pregnancy test is done 10 to 12 days after embryo transfer (no evidence of
implantation with no detectable hCG) or “later” following successful migration
of the embryo, hCG produced may be detected in the blood or urine but the
process is disrupted before an intrauterine sac is visible on ultrasound (evidence
of implantation with detectable HCG, biochemical pregnancy) [3]. IF is the re-
sult of failed implantation, placentation or compromise of early development

[6].
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5. Recurrent Implantation Failure (RIF)

RIF is very frustrating for IVF specialists. It has been determined that half of
embryo transfer procedures result in implantation, nonetheless only half of these
injtiated implantations will result in an ongoing pregnancy [7]. The number of
embryos transferred and the number of embryo transfer procedures are taken
into account when defining RIF [8].

The 2005 ESHRE PGD Consortium defines RIF as failure to achieve a viable
pregnancy, following “>3 embryo transfers with high quality embryos or the
transfer of > 10 embryos in multiple transfers; exact numbers to be determined
by each center” [9]. Despite many publications on this topic, no unanimous de-
finition exists [10] [11] [12] [13] [14]. And in the era of single embryo transfer,
fewer patients will undergo this number of embryo transfer procedures. There-
fore, some authors define it as a transfer of at least 4 good-quality embryos in a
minimum of 3 fresh or frozen cycles in a woman under the age of 40 years
without achieving a clinical pregnancy [3] [15].

Polanski has defined RIF in an expert opinion based on the available literature
as the “absence of implantation after two consecutive IVF cycles where the cu-
mulative number of transferred embryos was no less than four for cleavage-stage
embryos and no less than two for blastocysts, with all embryos being of good
quality and of appropriate developmental stage” [14].

There are many embryo grading systems that embryologists use to evaluate
embryos for transfer but a good-quality embryo is defined as having a number of
cells corresponding to the day of its development and blastocysts embryos are
graded according to the quality of the inner cell mass and surrounding trophec-
toderm. Thus, recurrent failure may be explained by a uterine pathology, gamete
or embryo factors. Patients should be thoroughly worked up to rule out any un-
derlying uterine condition. Multiple treatments are present in the literature
aiming to improve embryo quality or endometrial receptivity, however few are
evidence based.

Thrombophilic conditions that contribute to RIF is the main concern in this
review. This idea came after successfully treating antiphospholipid syndrome
with aspirin and LMWH in case of recurrent pregnancy losses [3]. In order to
improve cycle outcomes in women with RIF, heparin have been studied. It is an-
ticipated that the mechanism of implantation failure is similar to that of preg-
nancy loss, with decreased blood flow to the endometrium and placenta which

can hinder normal endometrial receptivity leading to miscarriage.

6. Heparin and Low Molecular Weight Heparin

The use of heparins has increased since their discovery. In addition to their an-
ticoagulant effects, these molecules have a physiologic role during implantation
and placentation and seems to be effective in the prevention and treatment of

pregnancy complications [5] [16].
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Heparin is a polysulphated glycosaminoglycan that interacts with proteins
containing positively charged amino acids. Its anticoagulant effect is due to its
affinity to anti-thrombin IIT and catalytic inhibition of factor Xa and thrombin
(factor IIa) [5]. LMWH are derived from unfractionated heparin by chemical or
enzymatic depolymerization [17]. Demonstrated advantages of LMWH are the
greater bioavailability at low doses, the longer half-life, and the more predictable
dose response. In addition, LMWH are at least as safe and effective as unfractio-
nated heparin in the treatment of established deep vein thrombosis, but have the
advantage that they can be administered once or twice daily without laboratory
monitoring [18].

Heparin has a role at all stages of implantation to improve pregnancy out-
comes (Figure 1). It has an effect on the expression of adhesion molecules, ma-
trix degrading enzymes and trophoblast apoptosis [5]. Heparin is able to bind to
selectin and cadherins molecules, expressed on the blastocyst surface and deci-
duae, reducing inflammatory cell adhesion, assisting in the blastocyst apposition
during the implantation process [19]. In animal models, heparin has been dem-
onstrated to reduces E-cadherin expression, promoting trophoblast invasion and
proliferation into the endometrial cells [20].

In a mouse-in-vitro-system, HB-EGF has been demonstrated to promote

O

O

Increases production IGF-1

Increases production
Prolactin
Blocks L-selectin on Increases decidual
trophoblast expression HB-EGF

Decreases E-cadherin
expression

O

Inhibits production IGFBP-1

Increases expression
of MMPs

Decreases trophoblast
apoptosis O

Figure 1. Role of heparin on adhesion, invasion and endometrial receptivity.
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adhesion of the blastocyst to the uterine wall [21] [22]. Heparin induces an in-
creased decidual expression of HB-EGF [23] [24] [25], and induces activation of
Activator Protein-1, which regulates the expression of HB-EGF [26]. It also in-
creases the production of both prolactin and IGF-1, inhibits the production of
IGFBP-1 that play a role in endometrial receptivity [22] [27]. Interestingly, Hills
suggested that heparin inhibits apoptosis in the trophoblasts and attenuates cas-
pase-3 activity. This direct effect acts as survival factor for trophoblast. It induces
phosphorylation of EGF receptor exerting an anti-apoptotic signal transduction
pathway in human trophoblast, promoting the early stages of embryo develop-
ment [28].

Even in the absence of thrombophilia, Nelson and Greer, have postulated that
heparin in addition to its anticoagulation properties, modulates many of the
physiological processes required for blastocyst apposition, adherence, and im-
plantation, to promote establishment of pregnancy [29].

To better understand the impact of heparin on endometrial cells, Fluhr has
isolated endometrial cells from hysterectomy specimens which underwent deci-
dualization in vitro and then incubated with unfractionated heparin. Heparin
delayed the production of IGFBP-1 and amplified the levels of prolactin and
IGF-1 in endometrial cells, thus allowing the decidualization of human endome-
trial cells and consequently control endometrial receptivity [27].

DiSimone showed that, in patients with antiphospholipid syndrome (APS),
immunoglobulin G affects the invasiveness and differentiation of trophoblast
cells after binding to endometrial cells. They were able to show that LMWH re-
duces the immunoglobulin G binding to trophoblast cells and restore invasive-
ness and differentiation [30]. Heparin has been shown also to protect pregnant
patients with APS by modulating inflammatory responses and inhibition of
complement activation induced by antibodies targeted to decidual tissues rather
than by their anticoagulant effects [25] [31].

7. Thrombophilia and IVF

Thrombophilia presents a condition of hypercoagulable state. It falls into two
categories. Inherited disorders that include factor V Leiden mutation, methylene
tetrahydrofolate reductase (MTHFR) polymorphisms, prothrombin gene muta-
tion, protein C and S deficiencies, and antithrombin deficiency. Acquired condi-
tions include anti-phospholipid antibodies syndrome (APA) [32].

It has been suggested that inherited and acquired thrombophilias play a role
in abnormal implantation. There are controversies in literature regarding the
association between thrombophilia and RIF and available literature regarding
this issue is very heterogeneous. APA were the first to be described and studied.
Some studies demonstrated significant association [33] [34] [35] [36] , and oth-
ers could not confirm it [37]. Coulam demonstrated that positive APAs were
present in 22% of women with recurrent implantation failure as compared to 5%

in controls [33]. Similarly, several studies have observed an increased prevalence
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of RIF in patients with inherited thrombophilia [15] [38] [39] [40] [41] and oth-
ers could not verify it [36] [42] [43] [44] [45]. Coulam studied the prevalence of
10 inherited thrombophilia gene mutation in 42 patients with history of RIF in a
case-control study. Women with RIF were found to display a significant higher
prevalence of PAI-1 4G/5G mutations (38% vs 10%) (plasminogen activator in-
hibitors are inhibitors of plasmin activity hence, fibrinolysis) supporting an ab-
normal embryo-endometrium dialogue responsible for repeated IVF failures
[40].

Qublan, and his colleagues, described a prevalence of combined thrombophi-
lia of 35.6% in patients with at least three failed IVF cycles and a significant as-
sociation between incidence of factor V leiden, MTHFR and APA in patients
with RIF thus, recommending a universal screening [35]. However, Coughlan
reported an overall prevalence of inherited thrombophilia of 11%; and 20% of
patients had positive APA antibodies. Concluding that screening might be rou-
tinely ordered only in the case of acquired conditions [36]. Thus, prothrombotic
conditions are more prevalent among these patients, yet a clear cause cannot be
acknowledged from these studies.

The impact of hemostatic disorders on implantation failure was also investi-
gated with other risk factors such as thyroid disorders. Bellver, included 119
women in a prospective study, and found that combined thrombophilia is higher
(19.2%) in patients with repeated IVF failures, and these patients had a higher
prevalence of thyroid autoimmunity [46]. This has given the evidence that thy-
roid autoimmunity is not only linked to recurrent pregnancy loss but to RIF as
well.

A case-control study including 930 patients evaluated the presence of throm-
bophilia in patients with unexplained infertility, and showed that the odds of
inherited thrombophilia was 1.97 significantly higher in patients with unex-
plained infertility than in the control group suggesting a contribution of throm-
bophilia by the same mechanism to repeated IVF failures [47]. Two years later,
Safdarian matched 96 cases with RIF to controls in which RIF was defined as
failure to achieve pregnancy following 2 - 6 IVF cycles where more than 10 high
grade embryos transferred into the uterus [48], showed that having at least one
inherited thrombophilia is a risk factor for recurrent failure. However, results
are limited in view of the nature of the study [41].

The controversial effect of acquired and inherited thrombophilia on repeated
failed IVF cycles was evaluated by Di Nisio and his colleagues in a systematic re-
view including 33 studies. They found that women with ART failure test more
frequently positive for factor V Leiden and APA compared to fertile women who
achieved a livebirth after ART, but this effect was only seen in case-control stu-
dies. Cohort studies did not confirm this finding. No significant differences were
found in relation to other thrombophilia mutations. The results of this review
were inconclusive, since the methodological quality of studies was poor, many

were retrospective case-control, known to be limited by poor collection of data
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on potential confounders and recall bias [49]. Ricci has confirmed the absence of
association of thrombophilia with adverse IVF outcome by conducting a pros-
pective cohort study of 510 women to compare the prevalence of factor V leiden
and prothrombin gene G20210A mutation in women undergoing IVF and
showed no statistical significant difference in the reproductive outcomes (im-
plantation rate (IR), clinical pregnancy rate (CPR), and livebirth rate (LBR))
compared to non-mutation carrier women [43]. These findings were supported
also by a retrospective study of 594 women reporting that screening for hyper-
coagulability is not warranted as it does not improve reproductive outcomes
[44], and a cohort study of 70 patients that showed no differences in the inci-
dence of factor V leiden, prothrombin and MTHFR mutations in patients with
repeated failure (5.9% vs 2.8%, 0%vs 5.6% and 35.3% vs 50%) [45].

Therefore, the value of treatment is still controversial in case of patients test-

ing positive for these antibodies.

8. Thrombophilia, Heparin and IVF

1) Acquired thrombophilia

Various investigators, have shown that women with RIF are more likely to
have a thrombophilia disorder that is explained by microthrombosis formation
at the implantation site, impairing the invasion of maternal vessels by the tro-
phoblast, leading to implantation failure [50]. Heparin treatment has been eva-
luated in several studies, showing conflicting evidence, however most were ob-
servational in nature. Six studies were conducted on patients with RIF and ac-
quired thrombophilia, positive APA treated with heparin. Two of these studies
were observational, and have shown that heparin and aspirin do not improve
pregnancy rates [51] [52]. This finding was replicated in a randomized prospec-
tive study on 143 patients by Stern, showing that heparin and aspirin did not
improve pregnancy or implantation rates for patients with acquired thrombo-
philia and RIF [53]. The other three studies recommended that any women un-
dergoing IVF should be tested for acquired thrombophilia prior to initiating
ovarian stimulation, and those with positive antibodies should be treated with
heparin with or without low-dose aspirin [15] [54] [55].

Qublan et al, have demonstrated the effect of heparin on a population of pa-
tients with three or more failed IVF attempts and at least one thrombophilia
disorder. They reported significantly higher IR, CPR and LBR compared with
placebo in a placebo-controlled, randomized trial (20.9% vs 6.1%, 31% vs. 9.6%,
23.8% vs 2.8% respectively; p< 0.001, p < 0.05, p < 0.05, respectively). They also
showed a higher miscarriage rate in the placebo-treated group and very few
complications between the 2 study groups suggesting effectiveness and safety of
heparin [15].

2) Inherited thrombophilia

In a retrospective analysis including data of 265 patients, the role of LMWH

was evaluated in RIF after screening for inherited thrombophilia. They found

DOI: 10.4236/0jog.2018.82018

153 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2018.82018

D. Khalife, G. Ghazeeri

significantly higher CPR in patients treated with LMWH (29.52% vs 17.19%)
[56].

Lattova in 2015, showed consistent results, where patients with RIF should be
tested for thrombophilia mutations and LMWH should be considered indivi-
dually. The use of treatment is only relevant for patients with established ac-
quired or congenital thrombophilia disorder [1]. These data speculate that hepa-
rin has a role in improving implantation by enhancing endometrial receptivity
and decidualization rather than by their anticoagulant effect.

3) No evidence of thrombophilia

The effect of heparin in case of RIF on reproductive outcomes has been stu-
died in the absence of thrombophilia where 4 randomized controlled studies
(RCTs) were conducted. Urman et al, in a randomized controlled pilot study of
150 patients with 2 or more failed IVF cycles, used heparin in patients with RIF
in patients with no evidence of thrombophilia. Heparin group showed a relative
increase by 30 % in LBR, however statistical significance was not reached due to
the low statistical power and the small sample size of the study [57]. However, a
similar randomized control study of 172 women under 40 years of age failed to
show also any clinical improvement in the LMWH group (IR, CPR, LBR in the
LMWH group compared to controls were respectively 15% vs 12%, 26% vs 20%,
21% vs 16%) [58]. The same data was replicated in a larger single-center study
on 219 women with no coagulation disorders who received LMWH at oocyte re-
trieval and showed that CPR, LBR, and IR were higher in the LMWH group
(35.4%, 31.2%, 21.1%) compared to control group (27.9%, 23.2%, 15.8%) but
failed to show a significant difference in outcomes. This study was subject to
significant bias since allocation of treatment was dependent on clinician prefe-
rence and it was ended before achieving the sample size needed to detect a dif-
ference [25]. Recently, Hamdi randomized 100 patients with history of 2 or more
failures, no significant differences in IR were noted between the 2 groups (32%
vs 30%) [59].

A recent meta-analysis with systematic review by Potdar compared the use of
LMWH with placebo in women with RIF undergoing IVF and evaluated its ef-
fect on LBR and IR [60]. They included only three randomized controlled pros-
pective studies which used heparin as the only intervention, started after oocyte
retrieval or from the day of embryo transfer. Two out of the three RCTs included
patients with RIF without evidence of thrombophilia. They concluded a signifi-
cant improvement in LBR (RR = 1.79, p = 0.02), however the IR showed a
non-significant trend toward improvement (RR = 1.73, p = 0.06). And when
pooling the results of studies with only RIF not associated with thrombophilia,
significant results were not reached [60]. It is worth mentioning some short-
comings in these studies. All three studies were unclear for detection bias, in
which the study population included was not homogeneous, as these studies had
different definitions for RIF. Berker and Urman defined RIF by failure of two
consecutive Intra Cytoplasmic Sperm Injection (ICSI) cycles [25] [57], whereby

Qublan included patients with >3 previous IVF failures and a known thrombo-
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philia (inherited or acquired) [15]. In view of the clinical heterogeneity in study
population regarding RIF definition and the absence or presence of thrombophi-
lia, results should not be generalized and interpreted with caution. However, this
systematic review has its own strengths in which patients in the three studies had
almost similar baseline characteristics, similar intervention and considered same
outcome measures. The authors of this meta-analyses concluded that LMWH
has the potential to facilitate implantation by enhancing endometrial receptivity
and decidualization in addition to its anticoagulant effect [60].

Another comprehensive review published previously where 10 studies were
analyzed, focused on the effect of heparin on IVF outcome. After pooling the
results, randomized studies showed no difference in the CPR (RR 1.23, 95% CI
0.97 - 1.57), LBR (RR 1.27, 95% CI 0.89 - 1.81) and IR (RR 1.39, 95% CI 0.96 -
2.01) and abortion rate (RR 0.77, 95% CI 0.24 - 2.42). However, this review was
highly susceptible to publication bias secondary to the high methodological he-
terogeneity between the trials in which heparin’s effect was assessed irrespective
of the failed cycles, small numbers of women included with considerable differ-
ence in the administered formulations, dosing, timing of onset and duration of
therapy [61].

A systematic review and meta-analysis by Dentali, included 3 RCTs compar-
ing LMWH with placebo in 305 women with [15] and without known throm-
bophilia undergoing ICSI and the effect of heparin on CPR and LBR was inves-
tigated [57] [58]. It showed a higher CPR (RR 1.38, 95% CI 1.02 - 1.87) and LBR
(RR 1.54, 95% CI 1.05 - 2.26) among patients who used LMWH. However, when
repeating the analyses with random effect model, an approach that takes into
account variance among studies, differences were no longer statistically signifi-
cant [62].

The previous three meta-analyses, including a Cochrane review, used LBR as
primary outcome. All the individual studies included were small, highly hetero-
geneous in terms of inclusion and exclusion criteria with poor overall metho-
dology [60] [61] [62]. However, despite the fact that the effect of heparin as an
adjuvant treatment in case of RIF requires further evaluation with high-quality
powered studies, we can conclude that the meta-analyses by Potdar has a more
consistent study population with patients having more than 3 RIF and its results

can be used to provide evidence-based information in case of RIF.

9. Future Perspectives

Since, many researchers have evaluated the physiological processes required for
blastocyst apposition, adherence and implantation, other factors are now inves-
tigated.

A French team published recently a prospective longitudinal study aiming to
identify biomarkers of hypercoagulability that can have a predictive value for
failed IVF outcome. Procoagulant substances are related to infertility. The deci-

dualized human endometrial stromal cells express tissue factor, stimulates the
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production of thrombin which is required for cell proliferation, neoangiogenesis
and invasion of trophoblast. This shift in blood coagulation by enhancement in
thrombin generation have a positive effect on positive IVF outcome. Biomarkers
included Thrombin generation, procoagulant phospholipid clotting time (pro-
coag PPL CT), thrombomodulin, tissue factor activity, factor VIII, von Wille-
brand factor, D-Dimers and fibrinogen.

Patients were found to have hypercoagulable state at the baseline, before any
treatment and this state is not modified by any hormonal treatment. Among
these biomarkers, Procoag-PPL CT (shortened), D-Dimeres (increased) and
thrombin (decreased) are the most clinically relevant for identifying patients
who are at risk of IVF failure. Their results are in accordance with previous
study who proposed that the increase of D-Dimers levels is a predictor of IVF
failure [63]. However, the sample size was small and does not allow generaliza-
bility of results [64]. The results of this study need to be validated in larger po-
wered studies, to optimize IVF efficiency.

Another possible risk factor of RIF that is growing tremendously and diagnos-
tic procedures are implemented in order to improve this condition is now on
cMPs, circulating cell-derived microparticles known to be associated with mul-
tiple prothrombotic states. cMPs play a central role in cell signaling, inflamma-
tion, thrombosis and vascular function, therefore are highly thrombogenic. They
are implicated in cellular activation and apoptosis. It has been shown that cMPs
affect trophoblast migration and invasion. They can be assessed using a readily
available commercial functional assay and were evaluated by several studies in
recurrent spontaneous abortion and were shown to exist in high levels. It has
been postulated then, that patients with RIF may have elevated cMP count as the
case in spontaneous abortion. This case-control study showed that cMP is sig-
nificantly associated with patients with RIF as well (RIF group: 15.8 + 6.2 nM PS
eq; p < 0.05), provided new data on the pathogenesis of RIF and increased cMP
may be a marker of chronic state of inflammation and coagulation [65]. Howev-
er, further studies are needed to be conducted to study the effect of heparin on
cMPs.

10. Conclusion

This review aimed to focus on the effect of heparin on the physiologic process of
implantation and its use as an adjuvant treatment in patients with RIF with or
without the presence of thrombophilia. The evidence on the effectiveness of he-
parin remains conflicting because of the lack of knowledge and considerable he-
terogeneity in the studies. Further research and powered larger RCTs are
needed, as there could be a potential role of heparin in case of repeated failures
of implantation. On the basis of published literature, there’s no evidence to con-
clude that LMWH can be prescribed as empirical treatment in patients who have
experienced multiple implantation failures, however, several studies have

pointed out that it may play a role in a subset of patients who presents a throm-
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bophilia mutation, thus the group of patients that might benefit is needed to be
identified. Another important issue to be determined is the period of adminis-
tration, at or after egg collection or at embryo transfer.

In view of the psychological, emotional and financial distress, it remains a

draining clinical problem for infertile couples and physicians as well.
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Abbreviation List

RIF: Recurrent Implantation Failure
LMWH: Low Molecular Weight Heparin
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