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Recurrent pregnancy loss, depending on the definition, affects 2-3 % of all
women attempting to get a child, and there are indications that the incidence
may be increasing. It spite of its high incidence and the anger and grief that
are suffered by the affected couples, the research activity on the topic as mea-
sured by the number of publications and presentations at scientific congresses
is low compared with the activity in other areas of involuntary childlessness.
The result of this relative inactivity is that our knowledge about causes and
treatments of recurrent pregnancy loss is limited. Still approximately 1/3 of
all patients with recurrent pregnancy loss 5 years after getting the diagnosis
have not got the desired child in spite of all what can be offered to them.

It is often stated that in 50 % of couples with recurrent pregnancy loss a
cause can be found; however, more correctly I think that in 50 % of couples a
risk factor can be found, which is not the same as finding a cause. With all
what is known today very few cases of recurrent pregnancy loss are caused by
a single pathogenic factor; the vast majority may have a multifactorial back-
ground involving the interaction of multiple genetic and environmental risk
factors. This complexity renders the research in recurrent pregnancy loss very
difficult because you need very large patient and control populations to be
able to detect causal factors, the importance of which can be confirmed in
other studies, and you need large populations of patients to test therapeutic
interventions to be able to detect any effect. Since very few dedicated recur-
rent pregnancy loss clinics exist, it is difficult to collect the large populations
of patients needed for good studies.

Several books about recurrent pregnancy loss have been published in the
recent years, and some would pose the question: why publish a new book?
Reading a book reviewing a particular disease area has advantages compared
with reading the original articles in the area. Because much research in recur-
rent pregnancy loss is based on small and few studies, there are large “white”
areas on the map, and where there is knowledge there is in most cases sub-
stantial controversy. A book provides an easily accessible overview on a large
research area, and the contributions from various authors can highlight the
areas of agreement and areas of controversy.

The book by Bashiri, Harlev, and Agarwal provides an extensive overview
of all relevant aspects of recurrent pregnancy loss seen from both the health-
care giver’s and patient’s perspectives. Contributions from prominent
researches in the field will focus on both well-known risk factors for recurrent
pregnancy loss such as uterine, endocrine, and chromosomal abnormalities
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but much focus will also be on the fields of genetic and immunological fac-
tors associated with recurrent pregnancy loss, since in these areas diagnostic
techniques are developing rapidly and new knowledge relating to recurrent
pregnancy loss is accordingly accumulating fast. More “soft” topics that have
previously often been ignored such as the relevance of lifestyle factors in
recurrent pregnancy loss and the importance of understanding and coping
with the emotions of the couples suffering from the problem will be exten-
sively dealt with.

The book will be an interesting read for all people meeting and taking care
of couples with recurrent pregnancy loss: scientists, physicians, nurses, and
midwifes. I hope it will stimulate more high-quality research in the area and
improve healthcare givers’ skills in managing these often deeply stressed and
depressed patients.

Copenhagen, Denmark Ole B. Christiansen, DMSc
Aalborg, Denmark

Foreword



Most current guidelines define recurrent pregnancy loss (RPL) as two or
more consecutive pregnancy losses before 20-22 weeks of gestation.
Initially, RPL was defined as three consecutive pregnancy losses; however,
significant developments in medicine, such as the introduction of low molec-
ular weight heparin, advanced laboratory tests like antiphospholipid anti-
bodies, and advanced imaging modalities including 3D ultrasound,
contributed significantly to this change. Thus, we should reconsider the rel-
evant medical developments that influence the definition of RPL, evaluation,
and treatment of this specific condition.

Despite the research and the above-mentioned developments, we are still
far from understanding the total picture of RPL. More than 50 % of RPL
cases are considered unexplained even after a thorough RPL etiology workup.
This means that research must be expanded and consist mainly of multicenter
trials. This approach will help overcome the methodologic weaknesses of the
current studies, which are mostly small study groups that make it difficult to
draw valid conclusions.

As a consequence, patients suffering from RPL can be very frustrated, and
the inaccessible nature of professional evaluation and treatment due to the
very few specialized RPL clinics serves to increase their frustration. This
means that most patients will see their general gynecologist, who is not well
equipped with all the needs of those patients and unfortunately will not have
the chance to refer to clinics that have such knowledge and resources.

The reason for writing the book is to put RPL on the front line of OB-GYN
research. Our book consists of the most updated literature on RPL, with chap-
ters written by leading international experts in the field. The primary intended
audience is OB-GYN specialists, who can get the best overview on this topic
and have all the information necessary to evaluate and treat the patients.
Other specialists who could benefit include hematologists, rheumatologists,
endocrinologists, immunologists, radiologists, psychiatrists, psychologists,
and social workers. The fact that we still have several approaches to some
topics means that we still don't have the best answers in all situations, but this
book will help to increase awareness of RPL for all specialists in the field,
even if they don’t treat these patients directly.
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Introduction to Recurrent Pregnancy Loss



Asher Bashiri and Jamie L. Borick

Introduction

Originally, RPL was termed habitual abortion
and was defined as three or more consecutive
miscarriages before 20 weeks gestation [1]. Due
to an increasing number of childless couples, the
improved availability of diagnostic tests, and
most importantly the minimal difference in the
prognostic value between two and three losses,
the ASRM updated the definition of RPL to 2 or
more clinical pregnancies losses documented by
either ultrasonography or approved in a histo-
pathologic examination [2].

Approximately 15 % of all clinically recog-
nized pregnancies in women less than 35 years
old result in spontaneous miscarriage [3]. If RPL
is due to chance alone, then it would occur in
2.25 % of couples with two losses, or in 0.34 %
of couples with three losses. Yet, it is seen in 5 %
of couples with two or more losses and in 1-2 %
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of those with three or more losses. These findings
suggest that most RPL is not due to chance alone
and should be investigated clinically [4, 5].

The prognosis for couples with RPL is not
determined by a single parameter, but by the spe-
cific characteristics and risk factors of each cou-
ple. The circumstances of previous losses, past
medical history, maternal age, as well as emo-
tional factors affecting the couple. These and
other details are particularly important for the cli-
nician’s construct of both the investigative plan
and the treatment approach. In the following
chapter, we aim to review the factors contributing
to RPL prognosis in order to develop a multifac-
eted approach to tailor an individual approach for
patients.

Misleading Numbers
and Inconclusive Studies:
Epidemiological Issues

Different definitions of recurrent pregnancy loss,
or recurrent miscarriage, are currently employed
by various societies on reproduction around
the world. The Royal College of Obstetricians
and Gynaecologists (RCOG) and the European
Society of Human Reproduction and Embryology
(ESHRE) define recurrent miscarriage as three or
more consecutive losses before 24 weeks gesta-
tion [1, 6], while ASRM defines RPL as two pre-
vious losses [2]. These differences affect the
incidence and prevalence of RPL in countries
using different guidelines and lead to a different

A. Bashiri et al. (eds.), Recurrent Pregnancy Loss, DOI 10.1007/978-3-319-27452-2_1
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approach to the subgroup of couples with two
previous losses. Although the ASRM defines
recurrent pregnancy loss as two losses before 20
weeks gestation, they suggest using this defini-
tion to initiate primary investigation of couples
while including only couples with three or more
previous losses in clinical studies [2]. This, how-
ever, has not been followed universally.

Recently, the validity of RPL as a clinical
entity has been questioned. High success rates
of subsequent pregnancies, high percentages of
unexplained etiology, and a general lack of cau-
sation due to the difficulty in conducting proper
studies are the major role players weighing into
this discussion [7]. These factors may be attrib-
uted to trouble obtaining correct epidemiological
values and inconsistencies in measurements
across studies. For example, the estimated preva-
lence of RPL in the general population varies.
This is often due to inconsistencies in determin-
ing the populations that belong in the numerator
and denominator. The numerator may include
women with two or more or three or more mis-
carriages. This number is affected by the gesta-
tional age in which a pregnancy is diagnosed,
since the earlier the pregnancy is diagnosed the
more miscarriage will be diagnosed as well [8].
Furthermore, the denominator is often framed
in different terms. It can include the number of
women at a specific time point who may be at
risk of RPL, all women of childbearing age, or all
women regardless of age [5]. These different
options of defining the denominator have impli-
cations in determining the incidence and preva-
lence of RPL and may account for the variations
observed in the literature.

The various definitions of pregnancy diagno-
sis also leave room for epidemiological inconsis-
tencies. Biochemical pregnancy is defined as a
pregnancy with documented elevation of HCG
levels that has not been visualized by ultrasonog-
raphy [9]. However, the ASRM officially requires
the pregnancy to be diagnosed and documented
either by ultrasound or histology [2]. Therefore,
biochemical pregnancy losses are not included as
previous pregnancy failures in the couple’s his-
tory. Since biochemical pregnancy losses were
reported to occur in up to 60 % of cases, by

A. Bashiri and J.L. Borick

chance alone, 20 % of women with biochemical
pregnancies will have three losses [8]. Addi-
tionally, it has been suggested that women with
RPL tend to check and diagnose their pregnan-
cies earlier, leading to higher rates of recognized
loss in this group compared to the general popu-
lation [10]. As a result, biochemical pregnancies
are not counted as pregnancy losses. Conversely,
recent studies emphasize the prognostic value of
a couple with a history of biochemical pregnan-
cies and pregnancies of unknown location (also
termed non-visualized pregnancies) [11, 12].
Moreover, non-visualized pregnancy loss in a
woman with two or more clinically diagnosed
miscarriages decreases the relative risk of having
a live birth by 10 % [1].

Maternal Age and Its Link
to Aneuploidy

Age is the most significant factor determining
prognosis for live birth [13]. As a woman ages,
the cellular mechanisms that govern the meiotic
spindle formation and function have a higher rate
of error. It is estimated that 30 % of embryos are
aneuploid in 40-year-old women. This increases
to 50 % at the age of 43, and approaches 100 %
after 45 years of age [14]. Anderson et al. [15]
reported that the risk of a spontaneous abortion
increases from 8.9 % at the ages of 20-24 to
74.7 % after the age of 44, and that the risk rose
most significantly at the age of 35. The study also
found that the risk for spontaneous abortion was
associated with the number of previous miscar-
riages, but maternal age was found to be an inde-
pendent risk factor [15]. It should be noted that
although the risk rises more steeply starting at 35
years, significant effects of age were observed
only after 40 years of age [16]. Indeed, RPL
occurs by chance alone one hundred times more
frequently in women aged 40-44 compared to
the 20-24 year olds [10]. Clearly seen in Fig. 1.1,
women with RPL have a poorer prognosis as age
increases.

Some studies suggest that poorer prognosis
for live birth after the age of 35 is directly linked
to diminished ovarian reserve (DOR). In a study
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Fig. 1.1 Trend lines demonstrate that as maternal age increases, live birth rate decreases, with a sharp decline at

~40 years. Ages are medians of ranges given in the literature

of patients with DOR undergoing IVF, Levi et al.
[19] not only found higher rates of RPL in older
patients (>40 compared to 35-40 and <35) but
also found higher rates of recurrent miscarriage
in patients with elevated FSH levels reflecting
DOR in each of the age groups. They further
reported that higher rates of aneuploidy were
found in embryos of patients with RPL compared
with those who did not have RPL [19]. This is
consistent with other studies indicating that
abnormal FSH and estradiol levels are associated
with RPL and aneuploidy [20, 21]. Furthermore,
infertility or subfertility could also play a role in
the high rates of miscarriage at increased ages,
but this will be discussed in more detail further
on [22].

Aneuploidy is a significant cause of fetal loss
and is directly linked to advanced maternal age
(AMA). It accounts for approximately 50 % of first
trimester abortions, 30 % of second trimester abor-
tions, and 3 % of stillborn births [14]. Trisomy is
the most common cause of aneuploidy by far, fol-
lowed by other polysomies and structural anoma-
lies inherited from parental anomalies.

The rate of aneuploidy in the products of
conception from couples with RPL compared to

the general population is debatable. Table 1.1
summarizes previous studies reports. Generally,
we can conclude that fetal aneuploidy is positively
associated with AMA [25, 26] and unexplained
RPL [15], while it is negatively associated with
the number of previous miscarriages [24, 27, 28].

Poor placentation and implantation failure are
also associated with AMA. Higher rates of
perinatal complications including preterm birth,
stillbirth, and infertility as well as increased
comorbidities including diabetes, obesity, and
hypertension have been reported [29]. The
increased complication rates of AMA could
potentially lead to RPL in women who postpone
their reproductive lives.

Karyotyping the Products
of Conception

Karyotyping the products of conception (POC)
after the second miscarriage may provide reas-
surance to the couple as unknown etiologies tend
to provoke more stress. Suigura-Ogasawara et al.
[30] found that of the 70 % of couples with unex-
plained RPL, 41 % had abnormal karyotype in
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Table 1.1 The rate of aneuploidy in RPL patients compared to the general population

Rate of aneuploidy

Number | % aneuploidy compared to the
Type of study | of cases |in RPL general population | Caveats
Carp et al. [20] Retrospective | 126 29 % Lower Only used in patients
analysis with three or more
miscarriages
Lietal. [16] Retrospective, | 105 324 % Similar
observational
analysis
Ogasawara et al. [24] | Retrospective | 234 513 % Similar Abnormal
analysis karyotypes were less
common as number
of miscarriages
increased
Marquard et al. [25] Retrospective | 50 78 % (>35 years | Higher Patients with AMA
cohort study old) were used
Stephenson et al. [26] | Prospective 197 40 % (>35 years | Similar
cohort study old), 64 % (<35
years old)
Stern et al. [27] Retrospective | 94 57 % Similar Abnormal
analysis karyotypes were less
common as number
of miscarriages
increased
Sullivan et al. [28] Retrospective | 122 25.4 % Lower

analysis

their subsequent pregnancy (see Fig. 11.1 in
Chap. 11). This not only gives couples a reason
for their miscarriage but it also increases the
probability that their recurrent loss was due to
chance alone, providing them reassurance to a
live birth in their future pregnancy. Additionally,
it may be more cost effective, with an average
savings of $524 per couple, to analyze the POC
before performing a standard work-up after two
losses, especially in women >35 years old [31].

The Numbers Matter

The number of previous miscarriages is an
important prognostic factor. Demonstrated in
Fig. 1.2, as the number of miscarriages increases,
the prognosis worsens [16—18, 30]. Li et al. [16]
found that live birth rate was 64 % in couples
with two miscarriages, but as low as 43.2 % in
women with six or more miscarriages. Addi-
tionally, Lund et al. [18] found a 71.9 % success
rate after 5 years in women with three previous

losses versus 50.2 % success after six or more
losses. Using a 5-year follow-up instead of risk
per pregnancy is a beneficial estimate of success
for patients because it approximates the overall
outcome of having a child [18].

Maternal age must also be taken into account
when developing a prognosis based on the num-
ber of previous miscarriages. The prospect for a
live birth is dually affected as the quantity of mis-
carriages increases in couples with RPL because
subsequent pregnancies occur at a later maternal
age. Brigham et al. found that in 20-year-old
women, the live birth rate after two miscarriages
was 92 %, and 85 % after 5 miscarriages. These
figures decreased to 77 % in 35-year-old women
with two previous losses, and 62 % after five
losses. At age 45, the numbers were much lower
with a 60 % success rate after two losses, and
42 % after 5 losses [13].

Although the prognosis decreases as the num-
ber of miscarriages increases, it is important to
reiterate that even women in their early forties
with 5 or more losses still achieve a live birth rate
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of anywhere from 42 to 53 % [13]. Besides advising
them about their worse prognosis, couples with
five or more losses may warrant a different evalu-
ation. As of now, all couples are evaluated in the
RPL clinic equally, whether they are after two
miscarriages or six. There is no literature that
addresses this issue, but we suggest that further
studies are needed for this subgroup to determine
the most effective diagnostic evaluation and
treatment available.

Two vs.Three

There are few implications in changing the defi-
nition of RPL from three or more to two or more
losses. A small difference (30 vs. 33 %) in the
index pregnancy of two as opposed to three preg-
nancy losses strongly supports the evaluation
after two losses in order to provide the best out-
come to couples [32].

Jaslow et al. [33] found no statistically signifi-
cant differences in diagnostic factors identified
in 1020 women with two losses versus three or
more. Additionally, according to Bashiri et al. [4],
there are no statistically significant differences in
outcome for patients with primary RPL who had

two versus three pregnancy losses. The study
found there were higher levels of TSH in women
with three versus two pregnancy losses (16.3 vs.
2.6 %, p=0.033), and subsequent spontaneous
pregnancy occurred more frequently in women
with three pregnancy losses (91.7 vs. 77.4 %,
p=0.011). Low molecular weight heparin
(LMWH) therapy was also used more in women
with three or more losses (40.3 vs. 18.6 %,
p=0.016), and there were higher rates of chronic
disease, unemployment, and consanguinity.
Brigham et al. [13] also found no statistical
differences between couples with 2 or more or 3
or more idiopathic miscarriages. Furthermore,
Bhattacharya et al. [34] found that there was no
statistical difference between two, three, and
even four losses in estimating future pregnancy
outcome in 143,595 pregnancies adjusted for
maternal age, year of pregnancy, and smoking
history.

The change in definition of RPL has led to ear-
lier evaluation of couples with RPL in order to
seek out an etiology. This shift raises two impor-
tant considerations. First, some reviews evaluat-
ing the epidemiology of RPL struggle with the
inclusion of patients with two losses because of
the higher likelihood that the RPL is due to chance.



As the number of miscarriages increases in a
couple, the likelihood of the couple having an
underlying cause increases and as a result, suc-
cessful treatment reported in trials also increases.
The second consideration involves a cost-benefit
analysis, although this is beyond the scope of this
review.

Primary vs. Secondary RPL

Primary RPL is defined as pregnancy loss with
no previous live births, while secondary RPL
refers to women with pregnancy loss and at least
one live birth [35]. It has been suggested that sec-
ondary RPL couples make up 40-61 % of all
people with RPL [35, 36]. Although some studies
have found differences in couples with primary
versus secondary RPL, the implications for the
two groups remain to be seen.

Christiansen et al. [5] suggested that primary
RPL may involve an innate immunological pro-
cess after compiling data that found higher rates
of thrombophilia, NK cell activity, and the effec-
tiveness of allogenic lymphocyte immunization in
primary RPL. Conversely, while secondary RPL
may be linked more strongly to adaptive immu-
nity, suggesting there are higher rates of antipater-
nal antibodies, HLA-DR3, and effectiveness of
treatment with IVIg in secondary compared to
primary RPL. The effectiveness of immunomodu-
lating treatment will be discussed in a later chap-
ter. However, these findings are currently more
motivating for research opportunities.

Alternatively, Bashiri et al. [35] determined
that there were no statistically significant prog-
nostic differences in couples with primary versus
secondary RPL in terms of live births (75.9 and
70.9 %, p=0.262, respectively). However, higher
pregnancy complications were observed in
women with primary RPL such as preterm deliv-
ery, fetal growth restriction, and gestational
diabetes mellitus after adjustment for age and
gravidity. All diagnostic laboratory results were
comparable in primary and secondary RPL
patients, except for more cases of elevated pro-
lactin in maternal blood. Most studies have
agreed that there is no statistical difference [13,
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16, 17, 37], and therefore, patients with primary
and secondary RPL can be advised and evaluated
in the same manner, although women with RPL
should be monitored closely for obstetric
complications.

While there is no difference in the evaluation
of couples with primary versus secondary RPL,
we often encounter unique circumstances in our
clinic. In our area we have two special communi-
ties, the Ultra-Orthodox Jewish and the Bedouins.
Both communities are characterized by families
having 5-10 or more children. Couples are
referred to the RPL clinic with secondary RPL
after having 3, 4, and even 5 children. We desire
to provide them with the counsel that they seek,
but we struggle to prioritize these couples due to
the limited time and resources in our publicly
funded clinic, with a long queue of primary RPL
couples. So far, our policy has been to perform a
full patient history, discuss their prognosis, and
advise them to continue to attempt to conceive.
Then, if they insist on a further evaluation,
we provide them the full evaluation. The logic
behind this approach is that there is a possibility
of acquiring pathology such as antiphospholipid
syndrome, hypothyroidism, and uncontrolled
diabetes.

Infertility and Superfertility

Infertility, defined as the inability to conceive after
1 year of regular intercourse without the use of
contraceptives, has a negative impact on an RPL
couple’s prospects of having a live birth [38]. Li
et al. [16] found that those with RPL and a history
of infertility had a lower live birth rate than those
without (50.6 and 61.3 %). Additionally, women
with infertility have reported a higher rate of fetal
loss, with an odds ratio of 3.92 [38]. Studies sup-
porting these results suggest that many infertile
women are unknowingly having repeated early
miscarriages [39]. Infertile women also continue
attempting conception at an older age, which may
contribute to their increased risk [22].

On the other hand, superfertility has also been
associated with RPL. It is described as a monthly
fecundity rate of >60 % (normal: ~20 %) [40],
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Fig. 1.3 Etiology of
RPL

B Unexplained

B Endocrine

m Chromosomal aberrations ™ Anatomic abnormalities

H Antiphospholipid syndrome

and the pathophysiology is attributed to
dysregulation of the endometrium that allows
implantation after the optimal window.
Superfertile women conceive very easily but
have complicated pregnancies and RPL [41]
due to poorer placentation and more apparent
pregnancy loss. Although it has not been
described as a known etiology, superfertility is a
new frontier of RPL that will be discussed later in
this book.

Gestational Age

Gestational age is an important part of the cou-
ple’s history, as timing of previous losses could
point to different etiologies. The majority of pre-
clinical miscarriages are due to aneuploidy
(70 %) [42] while thrombophilia and cervical
incompetence are more causes of second trimes-
ter loss [43]. Still, no etiology is restricted to a
certain gestational age, and every couple with
RPL deserves a complete work-up.

Additionally, knowledge of the gestational
age in the current pregnancy will provide reas-
surance as it advances. Detection of the fetal
heartbeat confers the most reassurance for a live

birth, since pregnancy loss occurs in only 2-6 %
of women without RPL after fetal heartbeat
detection [45]. This important finding should be
visualized at 6 weeks gestation the latest [44].
It is thought that a couple with RPL has a three to
five times higher chance of miscarriage after see-
ing a fetal heartbeat than the general population
[14], as couples with RPL lose their pregnancy
after a detected fetal heartbeat in 10.2-32 % of
cases [45]. However, even if a fetal heartbeat is
not determined around 6 weeks gestation, a
repeat scan is indicated after 7 or more days
before diagnosing an abortion [44].

RPL Etiology

Many entities have been examined to determine
the source of RPL, but few have been significant
enough to warrant investigation in all couples.
Figure 1.3 demonstrates the proportions in which
the etiologies contribute to RPL—parental chro-
mosomal aberrations, uterine anomalies, endo-
crine abnormalities, autoimmune disorders, and
thrombophilias. The next few sections discuss
the known etiologies and the prognosis for
patients who fall into these categories.
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Parental Chromosomal Aberrations

Parental chromosomal anomalies account for
2-4 9% of RPL in couples [32]. However, in unpub-
lished data, Bashiri et al. have found a higher rate
of chromosomal rearrangements at 11 % in an
analysis of their patient database karyotyping
approximately 500 couples. Translocations are the
most common aberrations, followed by inversions,
insertions, and mosaicism [32]. In light of its fre-
quency and causality, the ASRM recommends
chromosomal analysis of both partners during their
initial evaluation [3]. Factors that have been associ-
ated with a higher likelihood of chromosomal aber-
rations include RPL in first-degree relatives and
early age of onset of RPL [46]. The prognosis for
couples with chromosomal abnormalities is diffi-
cult to express, with cumulative live birth rates
ranging from 55 to 83 % for natural conception [3,
47, 48].

Couples with an abnormal karyotype can be
advised to continue attempting pregnancy or
they may be offered preimplantation genetic
diagnosis (PGD). Continual attempts to conceive
improve the chances of eventually having a child.
Although the likelihood of miscarriage is higher
for carriers, the prognosis for a live child is simi-
lar to those without aberrations [46].

Preimplantation genetic testing encompasses
both screening and diagnostic measures and is
currently the only intervention available to pre-
vent pregnancy loss due to aneuploidy and chro-
mosomal aberrations. PGD is a diagnostic tool
for parents with known genetic anomalies. It has
been found to reduce the rate of miscarriage in
parents with structural chromosomal aberrations
once they have become pregnant, but its ability to
provide a better outcome for live birth compared
to natural conception over time is controversial
[49]. ESHRE determined that patients undergo-
ing PGD for chromosomal abnormalities had the
lowest pregnancy rate of all groups undergoing
PGD, at less than 30 % per transfer. This was
attributed to the concomitant infertility or subfer-
tility in these patients [50] and the method used
to detect healthy embryos. However, once preg-
nancy was achieved, women with chromosomal
abnormalities had a live birth rate of 83 % in one
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clinical trial [51]. It is thought that a new method
using microarray to determine healthy embryos
will be more effective, but committees have not
yet made recommendations [49]. Preimplantation
genetic screening (PGS) is used largely for
detecting aneuploidy and is reserved for patients
with advanced maternal age, repeated implanta-
tion failure, and unexplained recurrent miscar-
riage. However, 11 studies have shown no benefit
of PGS in terms of live birth. Moreover, PGS was
suggested to negatively impact the pregnancy
rate compared to natural conception in women
with unexplained RPL [49, 50, 52]. Accordingly,
areport by the American College of Obstetricians
and Gynecologists (ACOG) concerning PGS
does not support its use for AMA, recurrent
unexplained miscarriage, or recurrent implanta-
tion failures [53].

Anatomic Abnormalities

Anatomic abnormalities cause 10-15 % of all
RPL cases [32]. Septated uterus is the most com-
mon congenital abnormality, accounting for
approximately 55—66 % of all uterine abnormali-
ties in women with RPL [54]. Bicornuate and
unicornuate make up the remaining 33 % of con-
genital anomalies. Acquired malformations that
may contribute to RPL include polyps, fibroids,
and intrauterine adhesions [54, 55]. The preva-
lence of uterine anomalies is approximately 3
times higher in those with RPL compared to the
general population (12.6 and 4.3 %, respectively)
[3]. Sugiura-Ogasawara et al. [56] found a live
birth rate of untreated women with either a
septated or bicornuate uterus of 59.5 %, with a
cumulative birth rate of 78 %. These findings
vary from others due to the fact that the septated
and bicornuate uterus were combined in the study
and usually treatment for a bicornuate uterus is
not offered. For those with a septated uterus who
wish to undergo treatment or continue to have
pregnancy loss after diagnosis, hysteroscopic
septectomy is offered although no randomized
control trials have been performed to evaluate the
effectiveness of treatment [57]. Nevertheless,
Grimbizis et al. [58] performed a review of
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9 retrospective and observational studies and
found a cumulative live birth rate of 83.2 %,
while another review of 18 retrospective trials
have found an overall live birth rate of 45 % after
hysteroscopic septectomy [59]. These two seem-
ingly contradictory studies may represent the
outcomes in different general groups of women.
While Grimbizis et al. reviewed articles with
some unspecified birth histories, Nouri et al. used
articles that included women with complicated
histories including infertility and RPL [58, 59].
Still, hysteroscopic septectomy should be dis-
cussed and offered to patients who have a history
of RPL and a septate uterus due to its association
with increased birth weight and decreased pre-
term delivery [60]. Unicornuate has the worst
prognosis, with a live birth rate of 43.7 % with no
available recommended surgical intervention [61].

Intrauterine adhesions (IUA) are also associ-
ated with RPL. Women with previous miscar-
riages have an increased risk of IUA, with a
prevalence of 19-24 %, and an odds ratio of
1.99 in women with 2 or more miscarriages
compared to one previous miscarriage [62, 63].
Although no previous studies have shown a
poorer prognosis for women with RPL after
repeated dilation and curettage, this may be a
topic worth investigating due to its potential
complications since a live birth rate of 71-88 %
was found in women with IUA after treatment
and a miscarriage rate of 26-30 % in untreated
women [63, 64].

Lastly, it remains unclear if fibroids are asso-
ciated with spontaneous miscarriage, although
the size and location of the fibroids are important
for prognosis determination [32]. Submucosal
fibroids sized 5 cm or greater are more predictive
of RPL and infertility, while intramural and
subserosal remain to be associated with RPL [55,
65]. Saravelos et al. [66] found that women with
RPL have a higher prevalence of fibroids than
women with infertility. They suggest that women
with repeated second trimester losses should be
evaluated for fibroids and undergo myomectomy
if present. It has been shown that myomectomy
increases the chance of a successful pregnancy
from 57 to 93 % [56], and should be considered
in women with fibroids. See Chap. 7 for a further
description of uterine anomalies.

Endocrine Abnormalities

Endocrine abnormalities affect both the implan-
tation and maintenance of an embryo, and are the
source of 17-20 % of all RPL [32]. Diabetes
mellitus (DM) must be evaluated in patients
with RPL using HbA1C, since uncontrolled DM
increases the risk for fetal loss [3]. However,
once controlled, DM is no longer a risk factor for
RPL. Insulin resistance has been found at higher
rates in women with RPL in the early stages of
their pregnancy, with insulin resistance observed
in 27 % of women with RPL compared to 9.5 %
in the general population [67]. Zolghadri et al.
[68] found that women with RPL had a higher
prevalence of abnormal results in their glucose
tolerance tests (17.6 % compared to 5.4 % of
women without RPL). Furthermore, they found
that those with abnormal glucose tolerance had
better outcomes when taking metformin than
those untreated, with an abortion rate of 15 and
55 % respectively. Therefore, these studies sug-
gest insulin resistance is an important factor in
RPL that warrants screening and treatment,
although committee recommendations of this
nature have not been made [67-69].

Overt hypothyroidism is seen in 0.2 % of
pregnancies and subclinical hypothyroidism
(SCH) is seen in 2-3 % [70]. All women with
RPL should have their TSH levels monitored [3].
Although lowering the upper limit of a normal
TSH level in pregnancy from 5.0 to 2.5 has been
discussed, no conclusion in this matter has been
made [71]. Pregnant women with known hypo-
thyroidism must be monitored closely, as the rate
of fetal loss is estimated to be 31 % in untreated
women compared to 4 % in well-treated women
[72]. Women with RPL have been found to have
higher rates of hypothyroidism (10.5 %) and
SCH (19 %) [73]. Furthermore, patients with
SCH have been found to have higher rates of
RPL [74]. A study by Benhadi et al. [75] of almost
2500 women showed that higher TSH levels
were positively correlated with higher rates of
pregnancy loss. Given the evidence that SCH
may be associated with adverse outcomes, the
Endocrine Society recommends that women
with SCH are treated with T, regardless of their
thyroid antibody titers [76].
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Thyroid autoimmunity has been directly
linked with RPL [77], and 22-37 % [76] of
women with RPL have positive thyroid anti-
bodies (Tg-Ab or TPOAb), with as many as 10 %
being thyroid antibody positive despite euthy-
roidism [74]. Kaprara et al. [78] reviewed 14
studies which found higher rates of miscarriage
groups with thyroid antibodies compared to those
without, with statistical significance in 10 out of
14. Additionally, 9 studies detected higher rates
of auto-antibodies in groups with RPL compared
to those without RPL, with statistical significance
in 6 out of 9 [78]. Interestingly, high titers have
not been shown to correlate with worse outcome
than lower titers [70]. Levothyroxine is given for
the treatment of autoimmune hypothyroidism [75].
Treatment for euthyroid women with positive
thyroid antibody titers is not recommended [76],
although levothyroxine has been shown in three
studies to decrease fetal loss in thyroid antibody
positive women [79-81].

The actual prevalence of PCOS in patients
with RPL is not known, although Hudecova et al.
[82] found similar live birth and miscarriage
rates in both groups in a long-term follow-up.
There is no correlation between PCOS and a high
aneuploidy rate [82], and ultrasonographic poly-
cystic ovaries and abnormal luteinizing hormone
levels were not predictive of future miscarriage
[84]. Although PCOS is not directly linked to
RPL, hyperandrogenism, obesity, and hyperinsu-
linism are common sequelae in PCOS and have
also been found in higher rates in women with
RPL [81, 82].

Luteal phase defects have been studied for
RPL and their association with endometrial dys-
function. However the lack of diagnostic criteria
made the effects of varying luteal phase hor-
mones on pregnancy impossible to quantify [83].
Therefore, according to the 2012 ASRM guide-
lines [3], progesterone treatment for luteal phase
defects is not recommended. However, a recent
systematic review by Carp made a compelling
argument for treatment with dydrogesterone, a
progestogen, in a review of 13 studies demon-
strating a 13 % absolute reduction in the miscar-
riage rate among the treated vs. the untreated
group [85].
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Hyperprolactinemia is associated with RPL,
and it may be involved in the pathogenesis of
reproductive failure in patients with APS, PCOS,
and hypothyroidism [3, 79, 86]. Hirahura et al.
[86] found that treatment with bromocriptine was
very effective for women with elevated prolactin
levels, leading to a live birth rate of 85.7 %. On
the other side, Li et al. [87] found that women
with prolactin concentrations in the lower end of
the physiological range had an increased risk of
miscarriage when adjusted for all other factors.

Thrombophilias

Hereditary thrombophilias (HT) elicit a prothrom-
botic state that has been associated with RPL. The
most common HT is Factor V Leiden [88]. It is
found in ~5 % of the general population of
Caucasians, 1 % Africans, and is almost absent in
Asians [88]. Other thrombophilias include pro-
thrombin gene mutation, protein C deficiency,
protein S deficiency, and antithrombin III defi-
ciency. Certain thrombophilias produce a higher
risk environment than others, and routine screening
for HT is not mandatory in all patients with RPL.
The association between Factor V Leiden mutation
and pregnancy loss is thought to be as low as 4.2 %
[89]. ACOG’s most recent practice bulletin [90]
divides HT into high-risk and low-risk groups, rec-
ommending prophylactic treatment based on the
genetic mutation and history of venous thrombo-
embolism (VTE). Histories of VTE or high-risk
thrombophilia were considered as indications for
prophylactic therapy with LMWH or unfraction-
ated heparin [90]. In spite of this, it has been found
that as many as 40 % of physicians screen patients
without recommendations [91]. In clinical practice,
HT is hard to ignore. Early studies have supported
screening [91], and discounting a possible cause of
RPL, however small it may be, in couples by fore-
going a genetic test or prophylactic treatment is
difficult to do when the stakes are so high. See
chapter on hereditary thrombophilia for further
discussion of therapeutic options.

Acquired thrombophilia, mostly attributed
to antiphospholipid syndrome (APS), is seen in
5-20 % of patients with RPL [33]. Testing for
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APS is indicated after 3 or more unexplained
miscarriages before week 10, one unexplained
miscarriage after 10 weeks gestation, or a history
of preeclampsia or placental insufficiency that
led to delivery before 34 weeks gestation.
Anticardiolipin, lupus anticoagulant, anti-p2-
glycoprotein I, and antiphosphatidylserine are
the only tested antiphospholipid antibodies, and
they must be found positive twice at a 12-week
interval or greater [92]. The inclusion of other
antiphospholipid antibodies has increased false
positive results, leading to vastly greater percent-
ages describing the incidence of APS in past
studies [31].

Antiphospholipid antibodies induce thrombo-
sis, inhibit differentiation of the trophoblast, and
provoke dysregulation of the maternal immune
system [3]. Inflammation may also participate in
producing these effects on the trophoblast. Fetal
loss rate, e.g., pregnancy loss after 20 weeks, was
reported to be 50-90 % without treatment [93].
A Cochrane review of randomized control trials
has shown that low-dose aspirin with heparin
leads to a live birth rate of 70-80 % [94].
Although these results are encouraging, this sub-
group is still at an increased risk for miscarriage.
An observational study by Bouvier et al. [95]
found that women with RPL and obstetric APS
undergoing treatment continued to have increased
rates of fetal loss as well as neonatal and obstetric
complications, producing lower rates of live
births compared to women without APS. There-
fore, a desired successful and uncomplicated
pregnancy after the diagnosis and treatment for
APS is not always accomplished.

Lifestyle and Habits

Smoking, alcohol, and caffeine are three of the
most discussed environmental factors associated
with spontaneous single abortion. However, no
direct correlation between these factors and RPL
was reported. All three factors have been shown
to be dose-dependent causes of single abortions,
and obtaining a full patient history including
questions about these factors may uncover a pos-
sible causation [3, 33].

Obesity

Obesity is defined as a BMI of >30 kg/m [96].
It has been a topic of discussion in the field of
RPL due to its increasing prevalence and associa-
tion with PCOS, type II diabetes mellitus, and
hormone abnormalities. Differing results have
been found concerning the association of obesity
with RPL. Metwally et al. [97] found that while
there was an association between obesity and
miscarriage, the evidence was weak in 16 articles
published including both spontaneous and assis-
ted conception. They criticized the data for using
varying definitions of obesity and advanced
maternal age. Boots et al. [98] performed a
similar review of the literature, including sponta-
neous conceptions only. They found stronger evi-
dence of recurrent early miscarriage in obese
patients with an odds ratio of 3.51. Furthermore,
Lashen et al. [99] found an increased rate of
recurrent miscarriage in women with high BMI
compared to those without, with odds ratio of
4.68 in a study of 4932 women. Therefore, it is
likely that obesity directly affects RPL, but more
studies are needed to confirm these results.

Unexplained RPL

Although it is commonly recognized that unex-
plained RPL (URPL) occurs in about 50 % of all
RPL [32], as seen in Fig. 11.1 in Chap. 11,
Sugiura-Ogasawara et al. [30] found an abnormal
karyotype in the POC of 41.1 % of URPL
patients, and therefore suggest that true unex-
plained RPL may only be present in 24.5 % of the
total RPL population. Saravelos et al. [10] has
shown that women with URPL have a similar
risk of miscarriage compared to the general pop-
ulation (14-26 and 15-25 %). However, they do
not suggest that all URPL is due to chance alone,
but that this group should be separated into two
subgroups. Those who fall under type I have RPL
that is actually due to chance alone, while those
in type II have truly unexplained RPL. Younger
women with higher incidence of clinically diag-
nosed pregnancy losses and normal karyotypes in
the POC are classified as type II, while women
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who do not meet these criteria are type I [10].
This has interesting implications for counseling
these two groups, but is still not widely accepted.

A variety of therapies have been attempted on
women with URPL including immunotherapy,
low-dose aspirin, and psychological support [32,
100]. Interestingly, psychological support alone
has offered promising results. Clifford et al. [17]
found better outcomes in couples with URPL
who received supportive care during early preg-
nancy compared to those who did not (26 and
51 % respectively). Other studies have supported
these results [13, 101]; however, additional stud-
ies should be conducted due to the lack of ran-
domization. It has been shown that women with
RPL experience increased levels of anxiety. In
fact, Mevorach-Zussmanet et al. [102] found that
variables which compose a woman’s reproduc-
tive status are directly associated with her psy-
chological health. They suggest that the anxiety
is a long-term condition, often not resolved by
TLC therapy, and may produce poor outcome in
subsequent pregnancies. As was discussed ear-
lier, PGS is not a standard of care, as the chance
of having a live birth in URPL is good. It is typi-
cally only in cases in infertility, AMA, and pri-
mary RPL as a last resort.

When May | Get Pregnant Again,
and Is It Ok to Try Now?

Many patients with RPL wish to know if it will be
possible for them to achieve conception, and
if they should wait a certain amount of time
to decrease their risk of another miscarriage.
Psychological stress can become an extremely
important factor in counseling women who feel
their “biological clock is ticking.” Kaandorp et al.
[103] found a median time to pregnancy of 21-23
weeks in women with unexplained RPL, which is
comparable to the average time to pregnancy for
women in the general population, and can be reas-
suring for patients who wish to become pregnant
soon after their last miscarriage.

Additionally, inter-pregnancy intervals (IPIs)
have been a source of speculation for prognosis.
Questions have been raised over whether
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psychological stress and physical recovery
should delay conception after a miscarriage.
However, since the World Health Organization
[104] suggested at least 6 months between mis-
carriage and conception, studies have shown that
IPIs are equivalent in prognosis [105, 106].
Furthermore, some studies have suggested that a
shorter IPI of less than 6 months carries a better
prognosis [107]. Bentolila et al. [106] showed
that shorter IPI (<6 months) was associated with
a better pregnancy outcome, although the group
with an IPI of more than 6 months had equivalent
outcomes when adjusted for maternal age and
fertility problems. Therefore, patients who desire
to become pregnant soon after miscarriage may
be reassured that they are not at an increased risk
of adverse effects compared to those who delay
conception.

Conclusion

Each couple with RPL has a different prognosis
according to their individual history and the
results of their diagnostic work-up. The progno-
sis can be dynamic from the first meeting until
right before pregnancy. Therefore, although it is
difficult to create an exact percentage for each
couple’s prognosis, advising them on their poten-
tial for a live birth can help make important ther-
apeutic and reproductive decisions. Maternal age
provides the best indication for prognosis, with
the lowest rates of live birth seen in women over
40 years old. Higher incidence of previous mis-
carriages worsens prognosis and decreases the
likelihood that the miscarriages are due to chance
alone. While primary and secondary RPL have
similar live birth rates, women with primary RPL
should be monitored more closely for obstetric
complications during the pregnancy. Concomitant
infertility also contributes to a poor outcome. All
of these factors affect the prognosis of the couple
aside from etiology. Each etiology confers its
own rate of live birth and varies based on whether
it is treated or untreated. Some therapy—diabetes
control for example—provides near normal live
birth rates, while others, like PGD for parental
chromosomal aberrations, are more controversial.
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In conclusion, each couple should be carefully
evaluated and advised with emotional support in
order to provide the best possible outcome.
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of Placentation

Gershon Holcberg, David Segal, and Asher Bashiri

Introduction

Human reproduction is a very inefficient process.
The maximum probability of conception in any
menstrual cycle is 30 %. Only 50-60 % of all
conceptions advance beyond 20 weeks of gesta-
tion. Studies reveal that anywhere from 10 to
25 % of all clinically recognized pregnancies
will end in miscarriage. Chemical pregnancies
may account for 50-75 % of all miscarriages.
Implantation, trophoblast development, and pla-
centation are crucial in the establishment and
development of normal pregnancy. Abnormalities
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of these events can lead to pregnancy complications
known as the great obstetrical syndromes:
preeclampsia, intrauterine growth restriction,
fetal demise, and recurrent pregnancy loss
(Fig. 2.1). The definition of repeated pregnancy
loss (RPL) varies; however, most include two or
more failed clinical pregnancies as documented
by ultrasonography or histopathologic examina-
tion [1].

In this chapter only a few pitfalls related to
RPL will be discussed. However, these events
play a significant role in the development of
normal pregnancy. Pre-implantation, vasculariza-
tion, invasion, and oxidative stress are the main
players in the regulation and function of these
events and are the leading elements in good preg-
nancy outcomes. It seems that the mechanisms of
RPL are dependent more on the maternal genetic
predisposition (activation or silencing of several
genes) than on the fetal chromosomal count [2].

Preimplantation

Human reproduction is characterized by a
high incidence of peri-implantation loss [3]. The
highly dynamic nature of the human endometrium
is well documented. In response to the rise and fall
in ovarian hormones, it proliferates, differentiates,
sheds, and regenerates approximately 400 times
during reproductive years. This process of con-
tinuous reshaping and regeneration of the endo-
metrium depends on the presence of adult stem
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Fig.2.1 Schematic depiction of the possible role of inter-
action between several factors involved in the formation
of the hypoxic placenta and its role in RPL. As shown,
most complications are related to very early events in
pregnancy. The abnormal genetic information influenced
by environmental hazard and several immunological
events lead to abnormal cross talking information during

cells, migratory resident cells, coordinated influx
of specialized immune cells, controlled inflamma-
tion, and angiogenesis [4]. Increasing evidence
suggests that some women may experience RPL
when a “super-receptive” endometrium allows
embryos of low viability to implant, presenting as
a clinical pregnancy before miscarrying [5-7].
The concept of super-receptivity is supported
by the recent observation of a reduced interval
between pregnancies in women with RPL com-
pared to that reported by normally fertile women
[8]. Further evidence comes from studies demon-
strating lower levels of endometrial mucin-1, an
anti-adhesion molecule that contributes to the
barrier function of the epithelium in women with
RPL [6]. Moreover, endometrial stromal cells
(H-EnSCs) of women with RPL demonstrate
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abnormal decidualization in vitro [7]. This
phenotype may result in the window of implanta-
tion being extended [7] (Fig. 2.2), while reducing
the ability of the decidualized endometrium to
be “selective” in response to embryo quality [9].
This concept is consistent with the previously
reported association between implantation occur-
ring later in the luteal phase and preclinical preg-
nancy loss [10].

The preparatory process for pregnancy starts
with the postovulatory surge in circulating pro-
gesterone levels. This process inhibits estrogen-
dependent proliferation of the uterine epithelium
and induces secretory transformation of the uter-
ine glands. Subsequently, the luminal epithelium
expresses an evolutionarily conserved repertoire
of molecules essential for stable interaction
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Fig. 2.2 Receptivity window—defined as the stage of
endometrial maturation when the blastocyst can become
implanted. Must be synchronized with embryo develop-
ment and defined as the human window of receptivity —
days 20-24 of a 28-day cycle. An intimate cross-talk
between the embryo and the uterus is needed for blasto-
cyst implantation. This process, which consists of an
interaction between trophoblast cells and endometrium, is

and adherence of a blastocyst, thus enabling
implantation. The receptivity is a transient endo-
metrial state, confined to only a few days in the
mid-secretory phase of the cycle, and depends on
paracrine signals from decidualizing endometrial
stromal cells (ESCs) underlying the luminal
epithelium [11]. This process is defined by
mesenchymal-to-epithelial transformation of
endometrial fibroblasts into secretory decidual
cells [12]. Decidualization is indispensable for
pregnancy as it confers immunotolerance to the
fetal semi-allograft, controls trophoblast inva-
sion, and both nourishes and protects the peri-
implantation conceptus against a variety of
physiological stressors associated with preg-
nancy [13]. The decidual ESCs operate as gate-
keepers of different immune cells at the
implantation site. The differentiating ESCs secrete
interleukin-11 (IL-11) and IL-15, implicated in

Abnormal
Decidualization

Extended
window of

Implantetion

Failure of Selection
of Embryo Quality

initially dependent on the presence of estrogen and
progesterone, although further morphological and bio-
chemical changes are evoked within the uterine wall by
signals from the embryo and invading trophoblast. MLCP,
resulting in actomyosin contraction. Detachment of the
rear end: focal contacts disassemble and integrins detach
from the substrate. Invasion denotes cellular movement
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recruitment and differentiation of uterine natural
killer (NK) cells, which in turn are a rich source
of angiogenic factors [14—16]. In most species,
the implanting embryo triggers the decidual pro-
cess. In humans, however, decidualization is
under maternal control and is initiated during the
mid-secretory phase of each menstrual cycle in
response to elevated progesterone and rising cel-
lular cAMP levels [17]. ESCs first mount an
acute auto-inflammatory response upon decidu-
alization, which in turn triggers the expression of
key receptivity genes in the overlying endometrial
surface epithelium [18]. This pro-inflammatory
phenotype is transient, determines the duration of
the window of implantation, and is followed by
an anti-inflammatory response essential for post-
implantation embryo support and coordinated
trophoblast invasion [18] (Fig. 2.2). In the abs-
ence of pregnancy, falling progesterone levels
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reactivate the expression of inflammatory
mediators in decidualizing ESCs, triggering
apoptosis, influx of immune cells, extracellular
matrix (ECM) breakdown, and menstrual shed-
ding [19, 20]. An inevitable consequence of men-
struation is the need for cyclic regeneration and
renewal of the endometrium. The regenerative
capacity of the human endometrium is indeed
remarkable. It is rich in mesenchymal stem-like
cells (MSCs) residing predominantly around the
vessels. They are recruited to the endometrium in
response to hypoxic, proteolytic, and inflamma-
tory stimuli associated with cyclic menstruation,
pregnancy, and parturition. In fact, purified ESCs
also express elevated levels of pluripotency fac-
tors, and are more agreeable to induced pluripo-
tent stem cell reprogramming compared with
conventional somatic cells. Molecular pheno-
typing indicates that ESCs are closely related to
follicular dendritic cells (FDCs). The ESCs and
FDCs both originate from perivascular platelet-
derived growth factor receptor f-positive
(PDGFRf*) adult stem/precursor cells, differen-
tiate in response to inflammatory signals, and are
key to local and systemic maternal immunotoler-
ance in pregnancy, respectively [21]. New data
demonstrate that coordinated migration and inva-
siveness of decidualizing ESCs in response to
embryonic and trophoblast signals are key to suc-
cessful implantation. In addition, endometrial
cells are capable of invading distant sites, leading
to pelvic endometriosis or uterine adenomyosis
[22, 23].

Migration and Invasion
of Trophoblast

The migratory and invasive capacity of mature
ESCs and progenitor cells is increasingly recog-
nized to support the intense tissue remodeling
associated with endometrial regeneration, decid-
ualization, embryo implantation, and trophoblast
invasion. The lack of fine-tuning of ESC migra-
tion and invasion and deregulation of these cell
functions contributes to common reproductive
disorders, such as implantation failure and recur-
rent pregnancy loss (RPL).

G. Holcberg et al.

Cellular Movement

Cellular movement in response to a signal can be
classified into two major types: chemokinesis
and chemotaxis. Chemokinesis occurs when a
factor stimulates cell motility without determin-
ing the direction of migration; chemotaxis takes
place when cells migrate toward a chemoattrac-
tant in a concentration gradient [24]. Chemo-
kinesis is a random and nondirected type of
migration, whereas chemotaxis is directed loco-
motion in response to an external cue.

Implantation

Implantation, a critical step for the establishment
of pregnancy, requires complex molecular and
cellular events resulting in uterine growth and
differentiation, blastocyst adhesion and invasion,
and placental formation. Successful implantation
necessitates a receptive endometrium, a normal
and functional embryo at the blastocyst stage,
and a synchronized dialogue between the mother
and the developing embryo [25]. In addition to
the well-characterized role of sex steroids, the
complexity of blastocyst implantation and pla-
centation is exemplified by the role played by a
number of cytokines and growth factors in these
processes. Indeed, the process of implantation is
orchestrated by hormones such as sex steroids
and hCG; growth factors such as TGF-B,
HB-EGF, and IGF-1; cytokines such as Leukemia
Inhibitory Factor, Interleukin-6, and Interleukin-11;
adhesion molecules including L-selectin and
E-cadherin; the extracellular matrix (ECM) pro-
teins; and prostaglandins [25]. Embryonic imp-
lantation is initiated by the recognition and
adhesion between the blastocyst surface and the
uterine endometrial epithelium. Adhesion occurs
when a free-floating blastocyst comes into con-
tact with the endometrium during the “receptive
window” during which it is able to respond to the
signals from the blastocyst. This contact is then
stabilized in a process known as adhesion, in
which the trophoblast cells establish contact with
the micro-protrusions present on the surface
of the endometrium known as pinopodes [26].
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The last step of implantation is the invasion
process, which involves penetration of the
embryo through the luminal epithelium into the
endometrial stroma; this activity is mainly con-
trolled by the trophoblast [27]. The trophoblast
lineage is the first to differentiate during human
development, at the transition between morula and
blastocyst. Initially, at day 6—7 post-conception, a
single layer of mononucleated trophoblast cells
surrounds the blastocoel and the inner cell mass.
At the site of attachment and direct contact to
maternal tissues, trophoblast cells fuse to form a
second layer of post-mitotic multinucleated syn-
cytiotrophoblast [28]. Once formed, the syncy-
tiotrophoblast grows by means of steady
incorporation of new mononucleated trophoblast
cells from a proximal subset of stem cells located
at the cytotrophoblast layer [29]. Tongues of syn-
cytiotrophoblast cells begin to penetrate the
endometrial cells, and gradually the embryo is
embedded into the stratum compactum of the
endometrium. A plug of fibrin initially seals the
defect in the uterine surface, but by days 10-12
the epithelium is restored [30]. Only at around
the 14th day do mononucleated cytotrophoblasts
break through the syncytiotrophoblast layer and
begin to invade the uterine stroma at sites called
trophoblastic cell columns. Such cells constitute
the extravillous trophoblast and have at least two
main subpopulations: interstitial trophoblast,
comprising all those extravillous trophoblast
cells that invade uterine tissues and that are not
located inside vessel walls and lumina; and endo-
vascular trophoblast, located inside the media or
lining the spiral artery lumina and partly occlud-
ing them (sometimes this subtype is further
subdivided into intramural and endovascular tro-
phoblasts) [30]. At a molecular level, trophoblast
adhesion from the stage of implantation onwards
is an integrin-dependent process [31] that takes
place in a chemokine- and cytokine-rich micro-
environment analogous to the blood-vascular
interface. Of note, uterine expression of chemo-
kines in humans is hormonally regulated and
the blastocyst expresses chemokine receptors. In
addition, oxygen tension plays an important role
in guiding the differentiation process that leads to
cytotrophoblast invasion of the uterus [32].
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The Selectins Adhesion System

The selectins adhesion system and cadherin
families are the main adhesion molecules investi-
gated with regard to the implantation process.
Selectins are a group of three carbohydrate-
binding proteins that are named following the
cell type expressing them (E—endothelium,
P—platelets, and L—Ileucocytes): E-selectin is
expressed on the endothelial surface; P-selectin
on the surface of activated platelets; and
L-selectin on lymphocytes, where it plays an
essential role in the homing mechanism of these
cells [27, 33, 34]. Transmigration may constitute
an initial step in the implantation process. Indeed,
L-selectin is strongly expressed on the blastocyst
surface while, during the window of implanta-
tion, there is an upregulation in the decidual
expression of the selectin oligosaccharide-based
ligands, predominantly on endometrial luminal
epithelium [35]. This may assist in the blastocyst
decidual apposition during the implantation
process. The effect of heparin on selectins during
implantation is unclear. Due to its high density in
negatively charged sulfates and carboxylates,
heparin is able to bind the two binding sites of the
natural ligand of selectin molecules (P- and
L-selectins: one for the sialyl Lewis X moiety
and another for the tyrosine sulfate-rich region of
its native ligand P-selectin glycoprotein ligand-1
[PSGL-1]); the number of sites bonded is depen-
dent on the length of the heparin chain. Evidence
in support is presented by the study of Stevenson,
Choi, and Varki [36], who investigated the effect
of different unfractionated heparin and LMWH
on selectin molecules in cancer cell lines [27].
Tinzaparin, with 22-36 % of its fragments greater
than 8 kDa, significantly impairs L-selectin bind-
ing to its ligand; whereas enoxaparin, with
0-18 % fragments greater than 8 kDa, did not
affect L-selectin expression [36]. Thus, heparins
with a high proportion of fragments longer than
8 kDa may reduce inflammatory cell adhesion
and homing; on the other hand, they may affect
blastocyst adhesion by blocking selectin ligand
binding sites. Cadherins are a group of cell adhe-
sion proteins that mediate Ca2+-dependent cell—
cell adhesion, a fundamental process required



24

for blastocyst implantation and embryonic
development [37]. E-cadherin plays an important
role in maintaining cell adhesion. In cancer cells,
the reduction of E-cadherin expression promotes
acquisition of an invasive phenotype. Remar-
kably, gestational trophoblastic diseases (chorio-
carcinoma and complete hydatidiform mole) that
are characterized by invasive trophoblast behav-
ior have a lower E-cadherin trophoblastic exp-
ression than that of first-trimester placenta. In
contrast, the trophoblast expression of E-cadherin
is higher in placentas of patients with preeclamp-
sia than in those of normal pregnant women [38].
Evidence to support the effect of heparins on
trophoblast invasiveness through E-cadherin
expression provides a possible mechanism by
which heparin could promote trophoblast cell
differentiation and motility.

Heparin-Binding EGF-Like Growth
Factor

Heparin-binding epidermal growth factor (EGF)-
like growth factor (HB-EGF) is a 76-86 amino
acid glycosylated protein that was originally
cloned from macrophage-like U937 cells. It is a
member of the EGF family that stimulates growth
and differentiation. HB-EGF utilizes various
molecules as its “receptors.” The primary recep-
tors are in the ErbB (also named HER) system,
especially ErbB1 and ErbB4 human tyrosine
kinase receptors. HB-EGF is initially synthesized
as a transmembrane precursor protein, similar to
other members of the EGF family of growth fac-
tors. The membrane-anchored form of HB-EGF
(proHB-EGF) is composed of a pro-domain fol-
lowed by heparin-binding, EGF-like, juxtamem-
brane, transmembrane, and cytoplasmic domains.
Subsequently, proHB-EGF is cleaved at the cell
surface by a protease to yield the soluble form of
HB-EGF (sHB-EGF) using a mechanism known
as ectodomain shedding. sHB-EGF is a potent
mitogen and chemoattractant for a number of dif-
ferent cell types. Studies of mice expressing non-
cleavable HB-EGF have indicated that the major
functions of HB-EGF are mediated by the soluble
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form HB-EGF accumulates in the trophoblast
[39] throughout the placenta. HB-EGF has a mul-
tiple role due to its cell-specific expression during
the human endometrial cycle and early placenta-
tion, and high level expression in the first trimes-
ter [27]. The membrane active precursor functions
as a juxtacrine growth factor and cell surface
receptor. It has been demonstrated that HB-EGF
promotes adhesion of the blastocyst to the uterine
wall in a mouse in vitro system [40], suggesting a
role for HB-EGF in embryo attachment to the
uterine luminal epithelium. The majority of its
biological functions are mediated by its mature
soluble form. A major role in early stages of pla-
centation is represented by cellular differentiation
and consequent invasion of the uterine wall and
vascular network. Several changes occur in the
expression of adhesion molecules as cytotropho-
blast differentiation proceeds, which results in
pseudovasculogenesis or the adaptation by
cytotrophoblasts to a molecular phenotype that
mimics endothelium [41]. For example, during
extravillous differentiation in vivo, integrin
expression is altered from predominantly a684 in
the villous trophoblast to «lf1 in cytotropho-
blasts migrating throughout the decidual stroma
[31] or engaging in endovascular invasion. Leach
et al. [42] demonstrated the role of HB-EGF in
regulating the conversion of human cytotropho-
blasts into an invasive phenotype and the motility
of these cells. This study demonstrated the ability
of HB-EGF to induce “integrin switching”
through intracellular signaling following ligation
of HER tyrosine kinases, altering integrin gene
expression to stimulate cytotrophoblast invasion
at a molecular level. In addition to its effect on the
invasive trophoblast phenotype, HB-EGF can
affect cell motility. Indeed, cytotrophoblast motil-
ity was specifically increased by each of the EGF
family members examined. The expression by
cytotrophoblasts of each growth factor, as well as
their receptors, suggests the possibility of an
autocrine loop that advances cytotrophoblast dif-
ferentiation to the extravillous phenotype. The
ability of the HB-EGF molecule to prevent
hypoxic-induced apoptosis plays a fundamental
role in early stages of placentation.
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Oxidative Stress in Early Pregnancy

During gestation, an adequate and efficient sup-
ply of nutrients and oxygen is vital for proper
development of the fetus. These fetomaternal
exchanges rely on adequate vascularization of
both the maternal decidua and the fetus-derived
placental villi [43]. In the human maternal
decidua, vascular remodeling of the intramyo-
metrial portion of the spiral arterioles occurs
between the 10th and 12th week of gestation.
This transformation is achieved by specialized
placental cells, the cytotrophoblasts. During pla-
centation, cytotrophoblasts that are present in
anchoring villi generate multilayered columns of
highly invasive extravillous trophoblasts that
colonize the interstitium of the maternal decidua,
the inner third of the myometrium, and the uter-
ine blood vessels. This invasion results in the for-
mation of the low-resistance vascular system that
is essential for fetal growth [43]. This develop-
mental period (10—12 weeks of gestation) is char-
acterized by an important physiological switch in
oxygen tension during the opening of the inter-
villous space. Before the ninth week of gestation,
placental oxygen tension is low (20 mmHg), and
after 10-12 weeks of gestation, it increases to
approximately 55 mmHg [43]. At this time, the
cytotrophoblast turns from a proliferative to an
invasive phenotype [44]. Failure of this transition
is associated with clinical complications of
pregnancy, including preeclampsia, the most
common cause of retarded fetal development
[45]. (Fig. 2.3)

Hemochorial placentation is also dependent
on the establishment and maintenance of a com-
petent fetal placenta—a vascular network formed
by branching (first and second trimesters) and
nonbranching (third trimester) angiogenesis.
In human placenta, branching angiogenesis is
important for both the development of the villous
vasculature and the formation of terminal villi.
Consequently, both trophoblasts and endothelial
cells are required during the early stages of pla-
cental development. Angiogenic growth factors
are considered to be the main mediators of these
processes. Mouse models have demonstrated the
importance of two families of ligands, namely
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vascular endothelial growth factors (VEGFs) and
angiopoietins and their tyrosine kinase receptors
in fetal and placental angiogenesis [45]. Vascu-
logenesis starts during the third week after
conception. This process is characterized by the
formation of the first blood vessels from differen-
tiation of pluripotent mesenchymal cells into
hemangiogenic stem cells [45].

The subsequent step, angiogenesis, starts dur-
ing the fifth week after conception and refers to
the development of new vessels from preexisting
vessels [45]. From day 32 to week 25 after con-
ception, hemangioblastic cords formed by vascu-
logenesis develop into a richly branched villous
capillary bed by two mechanisms: elongation of
preexisting tubes and lateral ramification of these
tubes (sprouting angiogenesis). Around week 25,
this process switches from branching to
nonbranching angiogenesis [45]. Nonbranching
angiogenesis transpires in mid and late gestation
and it is mainly characterized by endothelial cell
proliferation leading to an increase in the surface
of the endothelial tissue. These processes ensure
the increasing supply of gas and nutrients for
the growing fetus [45]. The existence of tissue-
specific angiogenic factors has been postulated
for many years [46], but only in the last decade
has a factor, named endocrine gland-derived
vascular endothelial growth factor/prokineticin 1
(EG-VEGF/PROK1), been characterized [46] as
a trophoblast product.

The early placenta is poorly protected against
oxidative damage. The antioxidant enzymes such
as copper/zinc superoxide dismutase and mito-
chondrial superoxide dismutase are not expressed
by the syncytiotrophoblast until approximately
8-9 weeks of gestation. The expression of the
protective enzymes increases significantly after
the trophoblast plugs are loosened and the pla-
centa becomes exposed to gradually increasing
levels of oxygen and consequently experiences
oxidative stress [47]. At the end of the first tri-
mester, a burst of oxidative stress is evidenced in
the periphery of the early placenta. The underly-
ing utero—placental circulation in this area is
never plugged by the trophoblastic shell, allowing
limited maternal blood flow to enter the placenta
from 8 to 9 weeks of gestation. Focal trophoblastic
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Fig. 2.3 Placental development is profoundly influenced
by oxygen (O,) tension. Human cytotrophoblasts prolifer-
ate under low O, conditions but differentiate at higher O,
levels. Trophoblasts must be able to accurately sense oxy-
gen tension hypoxia-inducible factor-1 (HIF-1). HIF-1

oxidative damage and progressive villous
degeneration trigger the formation of the fetal
membranes, which is an essential developmental
step enabling vaginal delivery. The oxidative
stress and rise in oxygenation may also stimulate
the synthesis of various trophoblastic hormones,
such as hCG and estrogens. The oxidizing condi-
tions promote assembly of the hCG subunits.

Placentation

activates many genes involved in the cellular response to
O, (also known as aryl hydrocarbon receptor nuclear
translocator (ARNT)). HIF-1 is able to be stabilized under
normoxic conditions by a variety of growth factors and
cytokines including epidermal growth factor (EGF)

Angiographic studies of the uterine vasculature
have demonstrated that during normal pregnancy,
flow from spiral arteries into the intervillous
space is often intermittent, arising from sponta-
neous vasoconstriction. Placental inflow may
also be compromised by external compression of
the arteries during uterine contractions. Some
degree of I/R (ischemia/reperfusion) stimulus
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may therefore be a feature of normal human
pregnancy, especially toward term when the fetus
and placenta are extracting large quantities of
oxygen (O,) from the intervillous space. Chronic
stimulus could lead to upregulation of the anti-
OFR (oxygen free radicals) defense in the pla-
centa, reducing oxidant stress. In early pregnancy
this well-controlled oxidative stress is critical in
continuous placental remodeling and essential
placental functions such as transport and hor-
monal synthesis. Miscarriages and preeclampsia
could be a temporary maladaptation to a chang-
ing oxygen environment.

Independent of the cause of the miscarriage,
the excessive entry of maternal blood into the
intervillous space has two effects: a direct
mechanical effect on the villous tissue, which
becomes progressively enmeshed inside large
intervillous blood thrombi, a widespread and
indirect O,-mediated trophoblastic damage; and
increased apoptosis. In preeclampsia the trop-
hoblastic invasion is sufficient to allow early
pregnancy phases of placentation too shallow
for complete transformation of the arterial utero—
placental circulation, predisposing to a repetitive
ischemia—-reperfusion (I/R) phenomenon. This
would impair the placentation process, leading to
chronic oxidative stress in the placenta and finally
to diffuse maternal endothelial cell dysfunction.

Placental development is profoundly influ-
enced by (O,) tension. Human cytotrophoblasts
proliferate under low O, conditions but differen-
tiate at higher O, levels. Trophoblasts must be
able to accurately sense oxygen tension hypoxia-
inducible factor-1. Hypoxia-inducible factor-1
(HIF-1), consisting of HIF-1 a-subunit and
ARNT b-subunit (aryl hydrocarbon receptor
nuclear translocator), activates many genes
involved in the cellular response to O, depriva-
tion. To date, three members of the HIF family of
transcription factors have been identified. All the
members of the HIF family consist of an induc-
ible alpha subunit (HIF-a) and a constitutively
expressed beta subunit (HIF-p, also known as
aryl hydrocarbon receptor nuclear translocator
(ARNT)). HIF-1 is able to be stabilized under
normoxic conditions by a variety of growth fac-
tors and cytokines including epidermal growth
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factor (EGF), insulin, heregulin, insulin-like
growth factors 1 and 2, transforming growth
factor B1, and interleukin-1. There is evidence
that antiphospholipid syndrome associated with
direct inhibition of trophoblast invasion, rather
than placental thrombosis, may be the reason for
pregnancy loss. Defective decidual endovascular
trophoblast invasion, rather than excessive
intervillous thrombosis, was the most frequent
histological abnormality in antiphospholipid syn-
drome-associated early pregnancy loss.

Mainly performed and published in vitro stud-
ies, related to placentation and implantation, are
based on a concept that these processes are simi-
lar to malignant cell invasion and expulsion into
surrounding tissues and histologic structures.
Migratory and invasive capacity of human endo-
metrial stromal cells (ESCs) is now recognized
as a main process in early stages of human
reproduction and contributes to the intense tissue
remodeling associated with embryo implanta-
tion, trophoblast invasion, and endometrial rege-
neration. In this part of the chapter, we concentrate
on the most interesting studies and ongoing
experiments that have been published in scien-
tific journals.

A prototypical stimulus for chemokinesis is
the angiogenic platelet-derived growth factor
(PDGF)-BB. When applied to cells in a homoge-
neous solution, PDGF-BB can also act asymmet-
rically as a chemoattractant. The main factors in
the regulation of migration are Rho family small
guanosine triphosphate (GTP)-binding proteins
(GTPases). They control organization of the actin
cytoskeleton and the formation of cellular protru-
sions. More than 20 members of the Rho GTPase
family have been identified, including RhoA,
Racl, and CDC42. In their active GTP-bound
state, Rho GTPases perform their function
through effector proteins, e.g., Rho-associated
serine/threonine kinase (ROCK). Racl and
CDC42 initiate the formation of a branched actin
filament network, whereas RhoA promotes linear
elongation of actin filaments [47] (Fig. 2.4).
A four-step model describes two-dimensional
cell migration on biological surfaces [48, 49]: (a)
Protrusion of the leading edge: growing actin fil-
aments, controlled by Rac and CDC42 activity,
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Fig. 2.4 Protrusion of the leading edge: Growing actin
filaments, controlled by Rac and CDC42 activity, push the
cell membrane outward. (b) Cell matrix interactions and
formation of focal contacts: integrins serve as receptors
for ECM proteins, such as collagen, laminin, and fibro-
nectin. Focal contacts are dynamic complexes linking
ECM, integrins, and the cytoskeleton. Focal adhesion
kinase (FAK) is recruited to these sites and regulates
both their assembly and turnover. (¢) Cell contraction by

push the cell membrane outward. (b) Cell matrix
interactions and formation of focal contacts: inte-
grins serve as receptors for ECM proteins, such
as collagen, laminin, and fibronectin. Focal con-
tacts are dynamic complexes linking ECM, inte-
grins, and the cytoskeleton. Focal adhesion
kinase (FAK) is recruited to these sites and regu-
lates both their assembly and turnover. (c) Cell
contraction by actomyosin: myosin light chain
(MLC) is phosphorylated by MLC kinase and de-
phosphorylated by MLC phosphatase (MLCP).
The extent of MLC phosphorylation is regulated

actomyosin: myosin light chain (MLC) is phosphorylated
by MLC kinase and de-phosphorylated by MLC phospha-
tase. (d) The extent of MLC phosphorylation is regulated
by RhoA through its effector ROCK, which phosphory-
lates and thus inhibits MLCP, resulting in actomyosin
contraction. (e) Detachment of the rear end: focal contacts
disassemble and integrins detach from the substrate.
Invasion denotes cellular movement within tissues and
requires degradation of (a)

by RhoA through its effector ROCK, which
phosphorylates and thus inhibits MLCP, resulting
in actomyosin contraction. (d) Detachment of the
rear end: focal contacts disassemble and integrins
detach from the substrate. Invasion denotes cel-
lular movement within tissues and requires deg-
radation of the ECM. Focalized proteolysis by
surface proteases generates active soluble matrix
metalloproteinases (MMPs) with selected speci-
ficities for ECM components. Invasion further
involves the action of cysteine- and serine-
proteases, such as kallikreins and plasminogen
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activators (PA), and is counteracted by tissue
inhibitors of MMPs (TIMPs) and PA inhibitor
secreted by cells of the invaded tissue [50].

In the pregnant uterus, the decidual compart-
ment produces a wide array of soluble factors
that can either promote or inhibit trophoblast
motility [51]. Positive regulators include HB-EGF,
IL-1B, and leukemia inhibitory factor (LIF).
A distinct proinvasive function of IL-1f has been
demonstrated in primary trophoblast cell sys-
tems. IL-1f stimulated outgrowth from villous
explant cultures on collagen and migration of
primary extravillous trophoblast (EVT) through
fibronectin-coated inserts [52]. LIF promotes
migration of the HTR-8/SVneo trophoblast cell
line via induction of prostaglandin E, production,
an effect that is enhanced by IL-1p [53]. Much
evidence has been provided toward a network
between HB-EGF, IL-1p, and LIF signaling path-
ways. Both HB-EGF and IL-1f induce LIF exp-
ression in endometrial epithelial cells [54, 55].
Migration induced by IL-1p involves cross-talk
with epidermal growth factor receptor (EGFR)
signaling. IL-1p stimulates MMP-9 activity and
proteolytic cleavage of the transmembrane pre-
cursor of HB-EGF (tm-HB-EGF) and thus the
shedding of mature HB-EGF, resulting in EGFR
activation [56]. In vitro, the nontransfected or
control-transfected cell EGFR levels were down-
regulated on treatment with HB-EGF/IL-1/LIF,
consistent with the well-characterized lysosomal
degradation of EGFR induced by HB-EGF but
not other EGFR ligands, such as EGF or amphi-
regulin [57].

Notably, HB-EGF-mediated EGFR downregu-
lation was not seen in spheroids of si-CEACAM1
transfected AC-1 MS88 cells, indicating altered
EGFR trafficking, processing, and/or signaling on
CEACAMI knockdown. It was shown that over-
expressed CEACAM (carcinoembryonic antigen-
related cell adhesion molecules) is a direct substrate
of the EGFR tyrosine kinase activity triggered by
EGF binding. Phosphorylated CEACAMI binds
and sequesters the adapter protein, uncoupling
EGEFR from the ERK1/2 MAPK pathway, resulting
in downregulation of the mitogenic activity of
EGF [58]. In early pregnancy placenta, CEACAM1
is another well-known molecule expressed on
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activated T cells and involved in T-cell inhibition.
CEACAMLI is detected in invasive extravillous tro-
phoblast (EVT) at the implantation site but not in
villous cytotrophoblasts or syncytiotrophoblasts.
Cultured EVT with invasive phenotype is also
positive for CEACAMI [56]. In the AC-1M88 tro-
phoblast cell line, CEACAMI overexpression
has been shown to enhance migration and inva-
siveness [59, 60]. Recently, an interactome of
human implantation has been deduced from
genome expression analyses of human embryos
and receptive state endometrium. Among the newly
identified interactors was CEACAMI, engaged in
networks with annexin A2 or paxillin [61]. The
function of CEACAMI in this context is most
likely based on heterotypic cell—cell interactions
with endometrial cells or with the extracellular
matrix (ECM) deposited by them, because no
inhibitory effect of CEACAMI silencing was seen
when AC-1M88 spheroids were exposed to the fac-
tor cocktail on cell culture surface in the absence of
an endometrial monolayer. The effect was apparent
on laminin-1 but not on fibronectin, and was medi-
ated by integrin-dependent signaling. Laminin
expression is upregulated on in vitro decidualiza-
tion of hESCs [62], and in vivo, laminins are major
constituents of the decidual cell basement mem-
brane implicated in trophoblast attachment and
outgrowth [63]. Human endometrial stromal cells
express very low levels of CDS82 in the undifferen-
tiated, proliferative stage. On decidualizing treat-
ment over several days, CDS82 levels increase, and
this is largely due to an increase in the protein level
without a corresponding induction of the encoding
transcript [63]. The upregulation of CD82 is like-
wise seen in vivo in the secretory phase endome-
trium and the decidua of early pregnancy [63]. The
in vitro model of decidualization properly reflects
changes of the amount of CD82 within a suppos-
edly physiological range. CD82 has been shown to
directly associate with EGFR in epithelial cells,
and overexpression of CD82 results in enhanced
receptor endocytosis and desensitization of EGF-
induced signaling [64]. On the other hand, CDS82
silencing in HeLa cells promotes clathrin-
dependent endocytosis of EGFR in response to
EGF and diminishes EGF-mediated ERK phos-
phorylation within 5 min [65]. It seems that CD82
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expression on decidual stromal cells (DSCs) is
inhibitory to trophoblast invasion [66]. Trophoblast
invasiveness was found to increase when CD82
had been silenced in the DSC monolayer. The anti-
invasive function toward trophoblast cells was
ascribed to decidual CDS82. Based on the observa-
tion that CDS82 levels were lower in endometriotic
compared to normal hESCs, CD82 was assumed
to be anti-invasive. Silencing of CD82 in eutopic
hESCs increased their invasive potential concur-
rent with an upregulation of integrin f1 and a
downregulation of TIMP-1 and TIMP-2 [67].

Different signaling pathways control directed
migration in a gradient (chemotaxis) versus
random motility in a uniform (chemokinesis)
signal. Involvement of ERK1/2, p38, and phos-
phoinositide 3-kinase (PI3K)/AKT signaling in
chemotaxis, whereas chemokinesis depended pri-
marily on PI3K/AKT activation were described
[68]. The latter signaling pathway thus does not
appear to be perturbed by CD82 silencing, or
other, as-yet-unidentified, compensatory path-
ways are activated by the factor cocktail. Imp-
lantation of a blastocyst or expansion of
trophoblast spheroid on endometrial stromal cells
depends on motility of the stromal cells that align
around the implanting entity. This is facilitated
by inhibition of ROCK signaling, which pro-
motes chemokinesis [69-71].

By proteome profiling for cytokines and
angiogenesis two factors were identified as tro-
phoblast products: PIGF and PDGF-AA. PIGF is
a member of the VEGF family and binds to the
VEGFRI1 receptor [72]. Although it has been
characterized as a chemoattractant for various
cell types [73, 74], it did not exhibit such activity
on T-HESC in our study. On the other hand,
PDGF-AA elicited a chemotactic response in
T-HESC, and by the use of a neutralizing anti-
body, we could demonstrate that PDGF-AA
is a chemoattractive constituent of trophoblast-
conditioned medium. This observation may have
implications in the earliest stages of blastocyst
implantation because PDGF-AA expression has
been identified in the trophectoderm of Day 5
implantation competent blastocysts, while the
corresponding receptor PDGFRa is expressed by
the receptive endometrium [75]. The impact of
primary trophoblast supernatant on endometrial
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stromal cell gene expression has been assessed
by gene expression profiling [76]. Among the
most highly upregulated endometrial genes in
response to trophoblast supernatant were I1L6 and
CXCLI. It was detected that IL-6 and CXCL1 as
proteins were highly induced on decidualization
in T-HESC. The trophoblast signals are likely to
enhance the decidualizing reaction of the stromal
compartment and support a feed-forward loop to
promote the dynamic interactions at the invasion
front. Conversely, effects of decidualized endo-
metrial stromal cell-derived factors on tropho-
blast invasiveness and on the profile of invasive
trophoblast membrane and secreted proteins have
been described, implying a role for decidual cells
in the regulation of implantation and placentation
[77, 78]. Decidualizing hESCs have been shown
to respond to cultured developmentally impaired
human blastocysts by reduced secretion of
HB-EGF and IL-1p. This does not occur in the
presence of normal blastocysts and underscores
the concept of decidualized stromal cells serving
as biosensors for embryo quality.

The quality control mechanism might be
based partly on motile processes, as migration of
hESCs from fertile control women toward low-
quality embryos was reportedly inhibited com-
pared to migration in the presence of high-quality
embryos [79]. Moreover, the hESCs isolated from
women with recurrent pregnancy loss failed
to discriminate between high- and low-quality
embryos in their migratory response [79]. It has
been shown that recurrent pregnancy loss coin-
cides with impaired decidualization of hESCs in
these subjects, perturbing embryo-maternal inter-
actions [8]. It was hypothesized that stimulation
of motility between decidualizing endometrial
stromal and trophoblast cells reduces not only
invasiveness of trophoblasts but also motility
of decidualizing endometrial stromal cells and
contributes to tissue remodeling on blastocyst
implantation and formation of the placenta.
PDGF-AA was identified as a novel trophoblast-
derived chemoattractant for endometrial stromal
cells. CD82 and CEACAMI are cell surface
molecules that participate in promoting migra-
tion in response to soluble and matrix-dependent
triggers in endometrial stromal and trophoblast
cells, respectively.
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Summary

In early placental development, there are at least
two possible fates for the interstitial extravillous
trophoblast cells migrating into the endometrium:
apoptosis and giant cell transformation. Both pro-
cesses may serve to limit trophoblast invasion of
the increasing fetal demands for nutrient and gas
exchange leading to the main disorders of
pregnancy —miscarriage, preeclampsia, growth
restriction RPL, and ITUFD—rooted in defective
placentation caused, at least in part, by maternal
factors.

The two compartments of placenta—the tro-
phoblast and uterine endometrium—are equally
involved and responsible regarding the fate of the
specific pregnancy. The trophoblast has an intrin-
sic and carefully timed differentiation program
designed to enable placentation to meet the
requirements of the developing fetus. The mater-
nal decidual is specialized to allow not only
meeting but also accepting the fetal allograft
trophoblast-derived biological molecules in
biochemical contact and signaling systems con-
trolled by the maternal compartment to allow a
normal pregnancy to end with a normal and
healthy newborn child.
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Progestins and Progesterone
Receptors

In addition to progesterone, the natural progestin,
there are several different classes of progestins,
such as retro-progesterone (dydrogesterone), and
several progesterone derivatives. Several syn-
thetic supplements act as prodrugs and need to be
metabolized in order to become biologically
active. The progestogenic effect, inducing char-
acteristic changes in the estrogen-primed endo-
metrium, is common for all progestins, but there
is a wide range of additional biologic effects,
which vary between different progestins [1].
Dydrogesterone is a retro-progesterone, a stereo-
isomer of progesterone with additional carbon.
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It is highly selective as a progestin and due to its
structure, it binds almost exclusively to the pro-
gesterone receptor, with a lower affinity than that
of progesterone, but perhaps a better bioavail-
ability [1].

The biological effect of progesterone is
mediated by two types of human progesterone
receptor (hPR-A and hPR-B). In most cell con-
texts, hPR-B functions as a transcriptional acti-
vator of progesterone-responsive  genes,
whereas hPR-A functions as a transcriptional
inhibitor. It has been demonstrated that altera-
tion in expression of progesterone receptor sub-
types may alter progesterone’s biologic effect
in different target tissues [2]. Other factors
affecting the activity of progesterone may be
the result of polymorphism in progesterone
receptors [3]; however, further research is
required concerning this issue.

Progesterone-Induced Blocking
Factor

The trophoblast tissue has special characteris-
tics, inducing an immunomodulation process,
actively protecting itself from the maternal
immune system. Maternal progesterone and its
interaction with progesterone receptors at the
level of the decidua seem to have a major role in
this defense mechanism [4]. Progesterone-
induced blocking factor (PIBF), a protein that
can block natural killer (NK) cell-mediated lysis
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of certain tumor cells, has been identified in
pregnant women [5]. PIBF is thought to have an
anti-abortive effect that may be related to a shift
from Thl to Th2 cytokines. Studies have shown
that there is a Thl tendency in RPL [4]. In a
study by Raghuphaty et al. [6] studying 24
women with a history of successful pregnancies
and 23 women with a history of unexplained
RPL, the Th1/Th2 cytokines ratio was higher in
the RPL group whereas there was a clear Th2
bias during the first trimester in the successful
pregnancy group. Another suggested role for
PIBF in protecting the trophoblast is through
changes in NK cells activity [4]. Even though
the role of these cells in normal pregnancy is
still controversial, there have been reports of
alteration of the subtypes of noncytotoxic NK
cells in the decidua of a first trimester pregnancy
[7, 8]. The relative proportion of these cells is
increased in normal pregnancy compared with
that of a nonpregnant uterus. However their
activity is lower in the normal pregnancy com-
pared to a nonpregnant uterus or to women with
RPL [9].

In a study by Kalinka et al. [10], 27 women
with threatened miscarriage were treated for 10
days with dydrogesterone (30-40 mg/day).
Serum progesterone and estradiol concentra-
tions, along with urine PIBF concentrations,
were measured by ELISA. The results were
compared to those of 16 healthy pregnant con-
trols who received no treatment. There were no
statistical differences between pregnancy out-
comes in dydrogesterone-treated women with
threatened miscarriage and healthy controls.
Serum progesterone concentrations in the con-
trol patients increased as the pregnancy pro-
gressed, but not in the threatened miscarriage
group. However, following dydrogesterone treat-
ment, a statistically significant rise in the ini-
tially low PIBF levels was observed in the
miscarriage group, reaching a comparable PIBF
level to the healthy control group. This suggests
that dydrogesterone might improve pregnancy
success rates in threatened miscarriage by induc-
ing PIBF production.
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Luteal Phase Deficiency

The luteal phase is the later phase of the men-
strual cycle, beginning with ovulation and the for-
mation of the corpus luteum and ending in either
pregnancy or lysis of the corpus luteum. The main
hormone associated with this phase is progester-
one, produced in large amounts by the corpus
luteum and playing a critical role in increasing
endometrium receptiveness for implantation of
the blastocyst. The corpus luteum receives a sig-
nal to continue producing progesterone through
the secretion of human chorionic gonadotropin
(hCG) by the trophoblast, which also secretes
estradiol, estrone, and relaxin. Removal of the
corpus luteum prior to the completion of 8 weeks
gestation results in miscarriage [11]. Luteal phase
deficiency (LPD) is affected by several factors,
including stress, exercise, weight loss, hyperpro-
lactinemia, and menstrual cycles at the onset of
puberty or perimenopause [12]; however, the
exact mechanism for this disorder is unclear.
Several hypotheses have been proposed to estab-
lish this mechanism. It could be associated with
decreased levels of follicle stimulating hormone
(FSH) and luteinizing hormone (LH) that may
cause the corpus luteum to undergo atrophy.
Other suggested mechanisms for LPD include
decreased response to progesterone by the endo-
metrium or failure of progesterone production
secondary to abnormal follicle formation, along
with a poor quality of the oocyte [12].

Even though the exact mechanism of LPD is
unclear, there is no debate regarding the crucial
role progesterone has in maintaining the early
pregnancy. One possible mechanism is through
the inhibition of oxytocin-induced myometrial
activity around the time of ovulation [13]. Another
suggested pathway is through inhibition of prosta-
glandin excitation, and diversity in prostaglandin
E, (PGE2)-induced changes in glycosaminogly-
can (GAG) synthesis by human fibroblasts of the
cervix during pregnancy [14]. Other than its role
in the luteal phase, progesterone also has an
immunosuppressive effect, which helps maintain
the pregnancy, and it also helps relax the uterine
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muscles, possibly by inhibiting prostaglandins
and thus preventing uterine contractions [15, 16].

LPD can be diagnosed by measuring serum
progesterone or by performing an endometrial
biopsy. Although histologic dating of the endo-
metrium after timed biopsy has been the histori-
cal gold standard for the diagnosis of LPD, the
value and reproducibility of this modality is cur-
rently under debate. In a study of timed endome-
trial biopsies examining 130 fertile women,
Murray and colleagues [17] found that histologic
endometrial dating had neither the accuracy nor
the precision to diagnose LPD and did not influ-
ence the clinical management of these patients.
Luteal phase serum progesterone levels between
2 and 10 ng/ml and serum progesterone levels
below 15 ng/ml in the first 10 weeks of gestation
are considered diagnostic of corpus luteum dys-
function [6]. However, one should keep in mind
that serum progesterone levels are not predictive
of pregnancy outcome [4].

Recommendations for Progesterone
Treatment in Women with Recurrent
Pregnancy Loss

There are several studies supporting the adminis-
tration of progesterone supplements to women
with unexplained RPL. In a study by Zibdeh et al.
[18], 180 women with unexplained RPL were
randomized to receiving oral dydrogesterone,
intramuscular hCG, or no treatment (controls).
Treatment was started as soon as possible after
confirmation of pregnancy and continued until
the 12th gestational week. Pregnancy loss was
significantly less common in the dydrogesterone
group (13.4 %) than in the control group (29 %).
There were no differences between the groups
with respect to pregnancy complications or con-
genital abnormalities. This study demonstrated
that hormonal support with dydrogesterone can
increase the chances of a successful pregnancy in
women with a history of RPL. In a systematic
review conducted by Carp et al. [19] assessing
whether dydrogesterone lowers the incidence of
subsequent miscarriage in women with RPL, 509
women who fulfilled the criteria for meta-analysis
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were included. The number of subsequent mis-
carriages or continuing pregnancies per woman
was compared between women receiving dydro-
gesterone and women managed by standard bed
rest or placebo intervention. There was a 10.5 %
miscarriage rate after dydrogesterone administra-
tion compared to 23.5 % in control women (OR
for miscarriage 0.29 [CI 0.13-0.65]) and a 13 %
absolute reduction in the miscarriage rate. The
results of this study show a significant reduction
of 29 % in the odds for miscarriage when dydro-
gesterone is compared to standard care, indicat-
ing an actual treatment effect.

In a Cochrane database review published in
2013 [20], a subgroup analysis of women with
RPL (defined as 3 or more consecutive miscar-
riages) treated with progesterone demonstrated a
statistically significant decrease in miscarriage
rate compared to placebo or no treatment (OR
0.39; 95 % CI 0.21-0.72); no statistically signifi-
cant differences were found between the routes
of administration of progesterone—oral, vaginal,
or intramuscular (see Fig. 3.1).

Even though the studies regarding progester-
one supplementation in RPL are scarce and not
always statistically significant, the majority of
them promote the use of progesterone in women
with unexplained RPL. Further research in this
area is recommended and is currently being
conducted.

Recommendations based on current evidence
state that progesterone supplementation may be
of benefit in cases of RPL, especially when the
etiology is unexplained [21, 22]. In our experi-
ence the use of progesterone up until 12 weeks of
gestation should be considered for women with
RPL, and that is the common practice in our
clinic.

Prolactin and Recurrent
Pregnancy Loss

Measurement of prolactin levels is part of the
endocrinologic evaluation of RPL.
Hyperprolactinemia affects the hypothalamic-
pituitary-ovarian axis and may cause insufficient
folliculogenesis and oocyte maturation and/or
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Study or subgroup Progestogen Placebo

n/N n/N
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Peto Peto
Odds Ratio Weight Odds Ratio

Peto,Fixed,95% Cl Peto,Fixed,95% CI

| Women with a history of 3 or more prior miscarriages

El-Zibdeh 2005 11/82 14/48
Goldzieher 1964 28 4/10
Le Vine 1964 4/15 8/15
Swyer 1953 727 9/20

Subtotal (95% CI) 132 93

Fig. 3.1 Progestogen versus placebo/no treatment.
Outcome 3 miscarriages (women with previous recurrent
miscarriage only). [Adapted from Haas DM, Ramsey

a short luteal phase. Increased circulating
prolactin levels stimulate a generalized increase in
hypothalamic dopaminergic neural activity,
intended to suppress prolactin secretion but also
inhibiting GnRH neurons. The end result is anovu-
lation or an even more profound hypogonado-
tropic hypogonadism, depending on the extent to
which gonadotropin secretion is suppressed. Mild
hyperprolactinemia (20-50 ng/mL) may cause
only a short luteal phase, resulting from poor pre-
ovulatory follicular development. Moderate
hyperprolactinemia (50-100 ng/mL) frequently
causes oligomenorrhea or amenorrhea, and higher
prolactin levels (>100 ng/mL) typically result in
frank hypogonadism with low estrogen levels and
their clinical consequences [23].

Nevertheless, the association between hyperp-
rolactinemia and RPL is debatable. In a case—
control study, Bussen et al. evaluated the
frequency of endocrine abnormalities during the
follicular phase in women with a history of
RPL. The concentration of prolactin in the study
group of 42 women with RPL (three or more con-
secutive miscarriages) was significantly higher
compared to the control group (42 nulligravid
females with tubal or male factor infertility with-
out miscarriage) (p=0.015). They concluded that
RPL is associated with abnormalities in prolactin
secretion during the follicular phase [24].

Hirahara et al. found that treating with bro-
mocriptine to achieve appropriate circulating lev-
els of prolactin in women with RPL and prolactin
disorder may improve subsequent pregnancy out-
comes. The percentage of successful pregnancies
was higher in the bromocriptine-treated group

.
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PS. Progestogen for preventing miscarriage. Cochrane
Database Syst Rev. Has 2008;10:CD003511. With per-
mission from John Wiley & Sons, Inc]

than in the group that was not treated with bro-
mocriptine (85.7 % vs. 52.4 %, p<0.05), and the
serum prolactin levels during early pregnancy
were significantly higher in patients who miscar-
ried (31.8-55.3 ng/mL) than in patients whose
pregnancies were successful [25]. On the other
hand, Li et al. measured some endocrine function
in the early follicular phase (days 3-5) in 144
women with unexplained recurrent (>3) miscar-
riages. No association was found between recur-
rent miscarriage and hyperprolactinemia [26].
Although the association between hyperpro-
lactinemia and RPL is somewhat controversial,
we recommend, as do others [21], to screen for
prolactin levels as part of RPL evaluation.

Polycystic Ovary Syndrome
and Recurrent Pregnancy Loss

Definition and Diagnosis

Polycystic ovary syndrome (PCOS) is a com-
plex and multifactorial disorder, first described
in 1935 by Stein and Leventhal [27]. The syn-
drome is a combination of hyperandrogenism,
ovulatory dysfunction, and polycystic ovaries.
The prevalence of PCOS is 4-7 % of women of
reproductive age [28-30].

Inrecent years several expert groups addressed
the issue of defining uniform diagnostic criteria
for PCOS [31], i.e., the National Institutes of
Health (NIH) criteria [32], the Rotterdam criteria
[33], and the Androgen Excess Society [34].
These different criteria stressed the fact that the
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definition for PCOS is controversial and it has a
wide spectrum of clinical presentation. The most
widespread diagnostic criteria are the Rotterdam
criteria, which require the presence of 2 out of 3
criteria for establishing a diagnosis: (1) Oligo- or
anovulation, (2) Clinical and/or biochemical
signs of hyperandrogenism, (3) Polycystic ova-
ries (presence of 12 or more follicles in each
ovary measuring 2-9 mm in diameter, and/or
increased ovarian volume >10 mL) [33].

All of these diagnostic criteria require the
exclusion of other etiologies (e.g., congenital
adrenal hyperplasia, androgen secreting tumors,
Cushing’s syndrome).

A large proportion of women with PCOS
have some degree of ovulatory dysfunction,
which results in oligomenorrhea or amenorrhea,
and subsequent decreased infertility [35].
Hyperinsulinemia and insulin resistance are also
common features among women with PCOS and
are thought to have an important role in the
pathophysiology of the syndrome [36]; however,
it is not included in the diagnostic criteria.
Moreover, in several studies that evaluated the
prevalence of impaired glucose metabolism, it
was found that 30-35 % of women with PCOS
had impaired glucose tolerance and 7-10 % had
type 2 diabetes mellitus [35, 37, 38].

Association with RPL

The prevalence of PCO morphology among
women with RPL is thought to be as high as 40 %
[39], although there are reports about higher
prevalence [40]. Using a combination of clinical
findings and ultrasound (US) or biochemical fea-
tures, Yang et al. found that the prevalence of
PCOS among women with RPL was even as high
as 56 % [41]. On the other hand, Li et al. found
that the prevalence of hyperandrogenemia in
RPL was 14.6 % while ultrasound features of
PCO existed in only 7.8 % [26]. This wide range
is probably the result of the use of nonuniform
definitions for PCOS. Cocksedge et al. examined
PCOS prevalence among women with RPL,
using the current recommended Rotterdam crite-

a

ria for diagnosis. The study investigated a total of
300 women with RPL and found that about 10 %
of women had PCOS [42].

The Mechanism for Recurrent
Pregnancy Loss Among Women
with Polycystic Ovary Syndrome

The exact mechanisms that may cause RPL in
PCOS patients are obscure. Several etiologies
have been proposed, related to the pathophysiol-
ogy, endocrinology, and metabolic disturbances in
PCOS. Among these are obesity, insulin resistance
or hyperinsulinemia, thrombophilia-associated
disorders, elevated LH, and hyperandrogenism
[39, 43, 44].

Elevated BMI

Many women with PCOS suffer from obesity
and various comorbidities related to it (diabetes,
HTN, coronary heart disease) [35]. A body mass
index greater than 30 kg/m? increases the risk
for RPL (OR: 3.5) [44, 45]. It has also been
demonstrated that there is some correlation
between PCOS, BMI, and RPL [46]. Weight
loss among women with elevated BMI is associ-
ated with decreased pregnancy loss rates [47].
However, to date, no study has evaluated the
association between weight loss and reduction
in the risk for additional miscarriage in RPL
patients [44].

Insulin Resistance
and Hyperinsulinemia

In recent years there has been increasing interest
in the role of insulin resistance and hyperinsu-
linemia linked to PCOS and RPL. Several studies
have evaluated insulin resistance and RPL [48,
49]. In a population of women with RPL, there
was found to be a higher prevalence of insulin
resistance when compared with matched controls
(OR: 3.55; 95 % CI 1.4-9.0) [48].
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These findings were supported by studies
showing that treatment with an insulin-sensitizing
agent (metformin) reduced subsequent risk for
miscarriage in women with RPL. Metformin
lowers hepatic glucose production and increases
insulin sensitivity and thereby lowers insulin
blood levels. A retrospective cohort study has
shown that the use of metformin during preg-
nancy is associated with a reduction in the mis-
carriage rate in women with RPL and PCOS [50].
Thereafter, a small prospective case—control clin-
ical trial showed benefit of metformin treatment
among PCOS women with RPL and abnormal
glucose tolerance test [51]. Nawaz and Rizvi
demonstrated, in a case—control study, that among
infertile women treated with metformin there
was significant decrease in the rate of pregnancy
loss among women with RPL (12 % vs. 49 %;
p<0.001) [52]. However, to date, there are no
randomized controlled trials assessing the role of
metformin in women with RPL.

The only systematic review of randomized
controlled trials concerning metformin and preg-
nancy loss among women with PCOS found that
there was no improvement in pregnancy loss risk
with metformin treatment [53].

Currently, routine metformin treatment during
pregnancy is not recommended for women with
PCOS [21, 31, 54].

Thrombophilic-Associated Disorders

Hyperinsulinemia and elevated activity of plas-
minogen activator inhibitor-1 (PAI-1) have been
linked to increased incidence of miscarriage
observed among women with PCOS [48, 55-57].
PAI-1 inhibits plasmin formation during plas-
minogen activation and subsequent fibrinolysis
and has been reported to be elevated in women
with PCOS. Elevated levels of PAI have been
reported to be an independent risk factor for early
spontaneous pregnancy loss [56]. In addition to
its effects on insulin resistance, metformin low-
ers circulating levels of plasminogen activator
inhibitor (PAI) [58].

Hyperhomocysteinemia is a common finding
in women with PCOS [59] and was found to be
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associated with both RPL and PCOS [60]. It was
shown that combined treatment with aspirin and
low molecular weight heparin (LMWH) in
women with hyperhomocysteinemia improved
successful pregnancy rates [61]. In a small (~20
women) nonrandomized controlled study investi-
gating women with PCOS with a history of one
or more previous spontaneous miscarriages, who
also had thrombophilia and/or hypofibrinolysis,
it was found that the use of low molecular weight
heparin along with metformin reduced pregnancy
loss by 4.4-fold compared to previous gestations
without treatment [62, 63].

Elevated LH and Hyperandrogenism

Hyperandrogenism and elevated LH are consid-
ered a part of the biochemical features of PCOS
and have classically served a significant role in
diagnosis of women with PCOS [35, 64]. In
recent years, their significance in the diagnosis of
PCOS has decreased, and since LH is released in
pulses, abnormal levels are generally not used in
order to diagnose PCOS [35].

Although elevated follicular phase LH and
hyperandrogenism have been linked to RPL [39,
43], routine testing for LH and free-T in order to
diagnose PCOS in patients with RPL is not rec-
ommended, since it did not predict subsequent
miscarriage [65]. There was no difference in sub-
sequent pregnancy outcome in women with prior
RPL with high LH and elevated testosterone,
compared to those with normal values [39, 66].
Suppressing LH secretion did not improve the
outcome of pregnancy [67, 68].

PCOS is a complex entity, which encompasses
a spectrum of endocrinologic and metabolic phe-
nomena. When reviewing the literature dealing
with RPL and its relation to PCOS, we may con-
clude that the relation of PCOS and RPL is weak;
the different mechanisms suggested are just other
supporting evidence for that. We can single out
insulin resistance as one of the leading possible
connections between PCOS and RPL, which may
lead us to the notion that glucose metabolism,
rather than PCOS per se, is more strongly related
to the etiology of RPL.
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When searching for an etiology for RPL in an
index case, we should not try to reach the diagno-
sis of PCOS unless specific clinical features
strongly suggest this entity, and aim at testing
this woman’s glucose tolerance.

Treatment Options

In the committee opinion of the American Society
for Reproductive Medicine (ASRM) dealing with
the recommended evaluation and treatment of
RPL, PCOS is mentioned to have controversial
scientific evidence for its association with preg-
nancy loss [21].

The recommendations for PCOS women with
RPL should include weight reduction when BMI
is elevated, and consider metformin in a specific
population of women with elevated levels of both
insulin and androgen.

Weight Loss

Life style modification, specifically weight loss,
has a beneficial effect on several medical condi-
tions related to obesity and PCOS. An additional
benefit of the medical recommendation for BMI
reduction for obese PCOS patients might be in
lowering the incidence of RPL (see Chap. 9).

Metformin Supplementation

Metformin use during pregnancy does not appear
to be linked to teratogenicity or developmental
disorders among exposed children studied during
their first 18 months of life [62]. There is insuffi-
cient evidence to evaluate the effect of metformin
in pregnancy to prevent early pregnancy loss in
women with RPL. Empirical treatment may be
offered only in the context of clinical trial [43].

The use of LMWH may reduce the incidence
of RPL in a selected group of women with PCOS
and thrombophilia [62, 63] and needs additional
research before we can recommend its use as part
of treatment guidelines in those patients.
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Thyroid Disorders and Recurrent
Pregnancy Loss

Thyroid disorders are among the most common
endocrine disorders in women of childbearing
age. Thyroid disorders are divided into (1)
Hyperthyroidism—excess activity resulting in
increased level of thyroid hormones (T3 triiodo-
thyronine and T4 thyroxine) and decreased levels
of TSH (thyroid-stimulating hormone), and (2)
Hypothyroidism—decrease in the level of thy-
roid hormones with elevated TSH.

Thyroid disorders have been associated with
several early pregnancy and obstetric adverse
outcomes such as infertility (or subfertility),
early pregnancy loss, preeclampsia, stillbirth, and
preterm labor and delivery [69-71]. A certain
degree of impairment in neurocognitive develop-
ment has also been described in relation to overt
hypothyroidism [72].

There is evidence that pregnant women
express different levels of TSH and free T4, and
therefore measurements of thyroid functions may
require gestation-specific reference ranges,
according to the pregnancy trimester [73]. This is
also reinforced by the observation that in women
requiring thyroid replacement therapy during
pregnancy, there is an increase in levothyroxine
requirement starting as early as the first trimester,
and a need for close monitoring of thyroid func-
tions throughout pregnancy [74, 75].

Hypothyroidism and Pregnancy Loss

Hypothyroidism is the second most common
endocrinopathy during pregnancy, and its inci-
dence ranges from 2 to 5 %. Autoimmune thy-
roiditis (also known as Hashimoto’s thyroiditis)
and iatrogenic thyroid gland destruction as a
therapeutic measure for hyperthyroidism are the
most common etiologies for this endocrinopathy
in pregnant women [74, 76, 77]. Disorders of
hypothyroidism can be divided into overt and
subclinical hypothyroidism, the latter usually
presenting with elevated TSH and normal levels
of thyroid hormones.
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Observational studies have described an
increased rate of first trimester pregnancy loss in
women with overt and subclinical hypothyroidism.
It has been shown that the risk of child loss (com-
posite outcome for miscarriage and fetal and neo-
natal death) was significantly increased with the
increase in TSH levels during early pregnancy,
even within normal range. There was no such asso-
ciation between FT4 levels and the risk of child loss
in the same population [78]. It has also been shown
that women with subclinical hypothyroidism have
a lower gestational age at miscarriage [79].

In euthyroid women, negative to thyroid auto-
antibodies, the rate of pregnancy loss was found
to be significantly higher in women with TSH
between 2.5 and 5.0 mIU/L compared to women
with TSH level below 2.5 mIU/L [80]. This find-
ing raises questions about redefining the normal
range of TSH during pregnancy, especially in the
first trimester, influencing risk for miscarriage.

Treatment with thyroid replacement therapy
(levothyroxine), when adequate, results in a
lower miscarriage rate. In a population of women
diagnosed with hypothyroidism, when levothy-
roxine treatment was inadequate, the outcome of
pregnancy was miscarriage in 60 % of overtly
hypothyroid women and in 71.4 % of subclini-
cally hypothyroid women (p<0.006). When
treatment was adequate, term pregnancy was
achieved in 100 % of overtly hypothyroid women
and 90.5 % of subclinically hypothyroid women
(p<0.006) [69].

Hypothyroidism and Recurrent
Pregnancy Loss

Several studies have described the relationship
between hypothyroidism and RPL. The preva-
lence of hypothyroidism among women with a
history of RPL ranges from 4 to 10 % [79, 81,
82]. The rate of subclinical hypothyroidism in the
RPL population has a wider range between 7 and
29 % [82-85]. This rate is also influenced by the
TSH threshold for defining subclinical hypothy-
roidism [80, 85].

In one observational cohort study examining
over 200 women with a history of RPL, no statis-
tically significant difference was shown with
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regard to the subsequent live birth rate between
the subclinical hypothyroidism and euthyroid
groups, nor in the treated and untreated subclini-
cal hypothyroidism subgroups [82].

Hyperthyroidism

The prevalence of hyperthyroidism during preg-
nancy ranges from 0.1 to 1 %, with Graves’ dis-
ease accounting for most of the cases [74, 86].
The prevalence of hyperthyroidism among
women with a history of RPL in one study was
shown to be 3 % [82].

The relationship between pregnancy loss and
hyperthyroidism was described mainly in reports
of small numbers of subjects, and hyperthyroid-
ism is generally not considered a major risk fac-
tor for miscarriage. Maternal hyperthyroidism
before and during pregnancy was associated with
a higher prevalence of spontaneous miscarriages,
even when these women were treated [87]. One
report of a specific familial disorder showed a
higher rate of miscarriage in women affected by
familial resistance to thyroid hormones (high
serum concentration of free thyroxine and triio-
dothyronine without suppressed thyrotropin)
compared to unaffected relatives [88]. Currently,
there is no recommendation to routinely evaluate
hyperthyroidism in women with RPL [21, 68].

Positive Anti-thyroid Peroxidase
and Anti-thyroid Thyroglobulin
in Women with Pregnancy Loss

In recent years, there has been a rise in interest in
the effect of thyroid autoantibodies on first trimes-
ter pregnancy loss, and more specifically recurrent
pregnancy loss. It is thought that anti-thyroid anti-
bodies exert their effect in both a TSH-dependent
and a TSH-independent manner [85-89].

The prevalence of anti-thyroid antibodies in
females of childbearing age is 10-18 % [83, 84,
90, 91]. In one study less than 20 % of the women
with anti-thyroid antibodies were clinically
hypothyroid [83]. The prevalence of anti-thyroid
antibodies in women with RPL is significantly
higher, between 19 and 30 % [83, 84, 91, 92].
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Although in some studies the presence of thy-
roid autoantibodies did not affect the future risk
of pregnancy loss in the population of women
with RPL [92], a meta-analysis of 22 studies
showed a clear association between thyroid auto-
immunity and miscarriage with a pooled odds
ratio of 2.5 in eight case—control studies and a
pooled relative risk of 2.3 in 14 cohort studies
[93]. A second meta-analysis of 31 studies pub-
lished around the same time evaluated linkage
between anti-thyroid antibodies and miscarriage,
with 28 studies showing a positive association.
When dividing the meta-analysis to cohort and
case—control studies, the data in the cohort
showed an odds ratio of 3.9 for miscarriage with
the presence of thyroid autoantibodies. The odds
ratio of miscarriage for women with RPL with
positive thyroid autoantibodies was 4.22. For
case—control studies the odds ratio for miscar-
riage was 1.8, and slightly higher in women with
RPL (OR 1.86, p=0.008) [94].

The antibodies most frequently associated
with pregnancy loss and RPL are anti-thyroid-
peroxidase (anti-TPO) and anti-thyroglobulin
(anti-TG) [84, 91, 95]. Several studies have dem-
onstrated that women with RPL positive for anti-
thyroid antibodies also have a higher rate of other
autoimmune antibodies (up to 90 %), suggesting
a more general maternal immune system abnor-
mality leading to RPL (see Fig. 3.2) [89, 91, 95].

Treatment with thyroid replacement therapy
in early pregnancy has been suggested in women
with positive antibodies regardless of thyroid
functions. In one study, in women positive for
anti-TPO antibodies there was no difference in
the prevalence of miscarriage between hypothy-
roid and euthyroid groups after treatment with
L-thyroxine [84].

Screening Recommendation
for Women with Recurrent
Pregnancy Loss

TSH measurement, with or without thyroid hor-
mone levels, is an inexpensive and sensitive tool for
evaluation of thyroid function abnormalities. As
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such, it has been recommended by several clinical
societies as a part of the preliminary evaluation for
women with RPL [21, 22]. However, some authors
recommend considering TSH measurement for the
evaluation of RPL only for women with clinical
signs or symptoms of thyroid abnormalities [96].
Notably, recent studies have advocated a change in
the threshold for subclinical hypothyroidism, sug-
gesting that TSH values above 2.5 mIU/L might be
considered outside the normal range [21, 80].

Universal screening of thyroid functions for
pregnant women is currently not recommended,
since it did not result in a decrease in adverse out-
comes when compared with case findings accord-
ing to risk factors [97].

Recommendations for screening for thyroid
autoantibodies are still inconclusive. Currently,
societies dealing with reproductive medicine
conclude that there is insufficient data to recom-
mend routine screening of antibodies, especially
when TSH is measured in the normal range [21,
68]. Recent clinical practice guidelines cospon-
sored by the American Association of Clinical
Endocrinologists and the American Thyroid
Association state that anti-TPO measurement
should be considered when evaluating patients
with RPL, regardless of infertility [98].

Several studies have shown some advantage
in a measurement of TSH values after a short
TRH stimulation test, where abnormal response
or the expression of higher TSH values are
thought to be related to early pregnancy loss and
RPL [99, 100]. However, this test is not com-
monly accepted as part of RPL evaluation.

In view of the recent literature, our recom-
mendation is that baseline TSH levels (with or
without thyroxine levels) should be measured in
all patients presenting with RPL, and that mea-
surement of anti-TPO and anti-TG should be
considered in patients in whom thyroid dysfunc-
tion is suspected in view of clinical signs and
symptoms or abnormal TSH/thyroxine levels.
Establishing the presence of thyroid autoantibod-
ies in this population may also contribute to fur-
ther research in search of a better understanding
of the association between thyroid autoimmunity
and RPL.
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Fig.3.2 Schematic illustration of the pathophysiological
mechanisms that underlie infertility and pregnancy loss in
women with hypothyroid autoimmunity. Dashed lines
denote factors that potentially contribute to thyroid auto-
immunity in addition to their effect on infertility (vitamin
D and T cell dysfunction). For clarity, mechanisms are
grouped into those that are primarily associated with hos-
tile uterine environment and ovarian dysfunction.
Concurrent autoimmunity is frequently seen in women
with thyroid hypothyroidism and is associated with non-
organ—specific antibodies (NOSA) in addition to autoim-

Treatment Recommendation
for Women with Recurrent
Pregnancy Loss

Currently the standard of care for pregnant
women or women trying to conceive is treatment
with thyroid replacement therapy in order to
achieve a euthyroid state [75]. It has been shown
that adequate treatment of hypothyroid state dur-
ing gestation minimizes the risks of many possi-
ble adverse outcomes, including the risk for
pregnancy loss [22, 68, 69].
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T3; Vit D, Vitamin D; TSH, Thyroid-stimulating hor-
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[Reprinted from Twig G, Shina A, Amital H, Shoenfeld
Y. Pathogenesis of infertility and recurrent pregnancy loss
in thyroid autoimmunity. J Autoimmun. 2012;38(2-
3):J275-81. With permission from Elsevier]

In regard to patients with positive autoantibod-
ies who are euthyroid, there is insufficient evi-
dence as to the need for thyroid replacement
therapy [84]. The clinical practice guidelines
cosponsored by the American Association of
Clinical Endocrinologists and the American
Thyroid Association state that treatment with
L-thyroxine should be considered in women of
childbearing age with normal serum TSH levels
when they are pregnant or planning a pregnancy if
they have or have had positive levels of serum anti-
TPO, particularly when there is a history of mis-
carriage or past history of hypothyroidism [98].
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Due to the relationship between thyroid auto-
immunity and the presence of other autoantibod-
ies in women with RPL, several studies have
evaluated the use of intravenous immunoglobulin
(IVIG) in thyroid autoantibodies positive
patients. This treatment is not common, espe-
cially since thyroid replacement therapy appears
to be more effective than IVIG in preventing a
new miscarriage in a population with RPL [101].

In conclusion, thyroid replacement therapy
should be initiated for every woman with RPL
and abnormal thyroid function tests. As for
euthyroid women with positive autoantibodies,
the initiation of treatment is not well established
and should be tailored according to individual
patient characteristics pending further research in
this area.

Uncontrolled Diabetes
and Recurrent Pregnancy Loss

Women with poorly controlled pregestational
diabetes, reflected by hemoglobin Alc (HbAlc)
levels higher than 8 %, seem to have higher rates
of spontaneous abortion in early pregnancy com-
pared to women without diabetes. Diabetic
women with good metabolic control are no more
likely to experience pregnancy loss compared
with nondiabetic women [102]. A direct correla-
tion exists between HbA1c levels, the incidence
of pregnancy loss, and congenital malformations,
even in nondiabetic patients [103]. Therefore it is
recommended in ASRM guidelines to assess
HbA 1c for women with RPL [21].

One of the possible mechanisms for the
increased rate of pregnancy loss in women with
elevated HbAlc is an increase in congenital mal-
formations. A meta-analysis conducted by Ray
et al. [104] compared levels of HbAlc of diabetic
pregnant women with preconception care to
those without any care. In 14 cohort studies
reviewed, the pooled rate of major anomalies was
lower among preconception care recipients
(2.1 %) than in nonrecipients (6.5 %) (RR 0.36,
95 % CI 0.22-0.59), and this finding was linked
by the authors to a significantly lower first tri-
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mester HbAlc in women who received precon-
ception care.

The level of HbAlc related to an increase in
first trimester pregnancy loss is also an important
study issue. Greene et al. conducted a study of
303 pregnant type 1 DM patients; the risk of spon-
taneous abortion was found to be 12.4 % with first
trimester HbA1c <9.3 %, and 37.5 % with HbAlc
> 14.4 % (risk ratio (RR) 3.0, 95 % CI 1.3-7.0)
[105]. In an observational study conducted by
Temple et al. [106], women were divided into two
groups according to their HbAlc concentration
upon their first visit. Women with values <7.5 %
(mean of normal range plus 5 standard deviations)
were defined as having fair-control and those with
values >7.5 % were defined as having poor con-
trol. There were 242 pregnancies in 158 women;
32 pregnancies had an adverse outcome, with 18
(7 %) spontaneous miscarriages. Adverse out-
come was significantly higher in the poor-control
group than the fair-control group (RR 4.3, 95 %
CI 1.8-10). Also, when comparing the spontane-
ous miscarriage rate, the poor-control group had a
fourfold increase in the spontaneous miscarriage
rate compared with the fair-control group (RR
4.0, 95 % CI 1.2-13.1). Therefore, it can be con-
cluded that to prevent most pregnancy losses in
diabetic women, the recommended level of
HbA Ic should be <7.5.

Finally, screening for diabetes mellitus should
be done to patients with RPL at least by fasting
glucose. However, as was mention before, it is
recommended in the ASRM guidelines to assess
HbA1c for women with RPL [21].
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Introduction
The Genetic Proportion of RPL

Clinically recognized pregnancy loss is common,
occurring in approximately 15-25 % of docu-
mented pregnancies [1, 2]. While the majority of
sporadic losses before 10 weeks’ gestation result
from random aneuploidy [3], recurrent pregnancy
loss (RPL) is a distinct disorder defined by two or
more miscarriages under 20 weeks of gestation in
clinical pregnancies. RPL is a relatively rare event
with estimated prevalence of 5 % in women expe-
riencing two consecutive miscarriages, and 1 % in
women with three or more miscarriages.
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In this review we discuss the genetic factors
involved in RPL, the recommended work-up and
management, and future directions in clinical
practice and research.

The Modern Era of Genetics

The involvement of medical genetics in all
medical specialties has changed dramatically the
approach to clinical practice. Rapid advances in
genetics technology allowed clinicians to use,
understand, and research more disorders within a
short time and with a smaller expense.

The Importance of Genetics Work-Up
in RPL Assessment

At least 50 % of the RPL cases are considered
idiopathic. However, a genetic role in RPL has
been established by several studies. Christiansen
et al. [4] noticed two- to sevenfold increased
prevalence of recurrent miscarriages (RM) among
first-degree relatives compared to the background
population, and further studies showed that over-
all frequency of miscarriage among the siblings
of patients with idiopathic RPL is approximately
doubled compared to that in the general popu-
lation [5, 6].

Unexplained RM is a stressful condition for a
couple and supportive care is currently the only
assistance that can be offered. However, early
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recognition of an increased risk for miscarriages
and systematic monitoring has a beneficial effect
for those couples and studies even reported
increasing live births [7-9]. Genetic and genomic
studies of RPL potentially have the benefit of
understanding the mechanism underlying the
cause of RPL, producing a risk estimation for
the couple in the future and may suggest a
treatment.

A Brief Introduction to Genetics

In order to understand our current knowledge in
genetics it is important to clarify some basic
terms and nomenclature that we will be using in
this review.

It was Gregor Johann Mendel, an Austrian bot-
anist monk (1822-1884), who defined the single-
gene inheritance (thus, “Mendelian”). Traditionally
genetics was studied through relatively rare, sin-
gle-gene, diseases. However, a steadily growing
body of evidence suggests that genetics has an
impact on the vast majority of medical conditions.
In fact, if neoplastic diseases are included, up to
91 % of the general population will be affected by
a condition with a genetic component.

Current clinical concepts with some techno-
logical advances are used to understand the etiol-
ogy and pathogenesis of diseases with the future
aim to use this knowledge to diagnose, treat, or
prevent diseases.

Chromosomes, Karyotype,
Chromosome Rearrangements

Historically, identification of numerical and
structural chromosomal abnormalities were the
main aim in prenatal diagnosis. However, cur-
rently cells may also be cultured and used for
biochemical studies and molecular analyses.
Understanding genetic principles and applying
accurate patient counseling is an essential tool in
contemporary practice.

Basic chromosome structure consists of a
short arm (p), a long arm (q), and a centromere in
between.
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Each chromosome arm is divided into one to
four major regions, depending on chromosomal
length; each band, positively or negatively
stained, is given a number, which rises as the dis-
tance from the centromere increases. For exam-
ple, 1g23 designates the chromosome number
(1), the long arm (q), the second region distal to
the centromere (2), and the third band (3) in that
region.

Karyotyping

Cells are cultured in the laboratory to stimulate
cell division. Colchicine is then added to arrest
mitosis during metaphase, when each chromo-
some has replicated to two chromatids attached
at the centromere. The cells, which are spread
onto microscope slides, and stained with giemsa
(G) or fluorescent (Q) dye and computer imag-
ing, are being used to produce a visual display of
the chromosomes.

Additional staining procedures and techniques
for extending chromosome length have greatly
increased the precision of cytogenetic analysis
and diagnosis.

Structural Abnormalities

Translocations

Reciprocal Translocations. A reciprocal or
double-segment translocation is a rearrange-
ment of chromosomal material in which breaks
occur in two different chromosomes, and the
fragments are exchanged. The rearranged chro-
mosomes are called derivative (der) chromo-
somes [10]. If no chromosomal material is
gained or lost in this process, it is called appar-
ently balanced translocation. Which means that
under the microscope we do not see a gain or
loss of a genetic material. However, a submicro-
scopic deletion or duplication can happen and
can be detected using other molecular methods.
Thus, only if the person carrying the transloca-
tion has no obvious abnormality, the transloca-
tion can be called. Offspring who inherit either
the two normal chromosomes or the two translo-
cated chromosomes also usually have a normal
phenotype. Carriers of a balanced translocation
can produce unbalanced gametes that result in
abnormal offspring (Fig. 4.1a).
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Fig.4.1 (a) An example of a reciprocal translocation involving chromosomes 16 and 22. The carrier parent can trans-
mit an unbalanced translocation to the fetus. (b) An example of a Robertsonian translocation involving chromosome 13

Robertsonian translocation (ROB) is a form of
chromosomal rearrangement that involves one of
the short-arm five acrocentric chromosome pairs,
namely 13, 14, 15, 21, and 22 [11, 12]. They are
named after the American biologist William
Rees Brebner Robertson (1881-1941), who first
described a Robertsonian translocation in grass-
hoppers in 1916 [13] (Fig. 4.1b).

Robertsonian translocations result in a loss of
part or all of the short arms and fusion of the long
arms of the chromosome involved keeping one or
two centromeres in between. The short arms of
these chromosomes (also called satellites) are
lost but since they contain redundant DNA their
loss does not cause harm. A Robertsonian trans-
location in balanced form causes no health issues.
In unbalanced forms, Robertsonian translocations
can result in trisomies or monosomies. While
some trisomies may survive (21, 18, or 13), at
least through pregnancy all autosomal monoso-
mies are lethal and will usually result in a first-
trimester miscarriage.

Inversions

Inversion is caused by two breaks occurring in
the same chromosome with the intervening
genetic material inverted before the breaks are
repaired. Although, in a balanced situation, no
genetic material is lost or duplicated, the rear-
rangement may alter gene function, if the break is
in a gene or its promoter. The inversion can be

paracentric, when the two breaks are in one of the
arms with a 180° rotation of the segment involved
or pericentric if the breaks are in each of the chro-
mosome arms with a 180° rotation around the
centromere [14, 15].

Carriers of a paracentric inversion make either
balanced gametes or gametes with acentric and
dicentric gametes, the products of which are usu-
ally lethal. Thus the risk of abnormal offspring is
extremely low. Carriers of a pericentric inver-
sions can form unbalanced gametes with duplica-
tion and deletion of the segment involved and is
thus at high risk to produce abnormal gametes
and thus abnormal offspring.

Techniques and Methods

FISH Analysis

This technique provides a rapid method for iden-
tifying a microscopic or submicroscopic deletion
and/or duplication of a segment of a chromosome
or a whole chromosome. In this technique a seg-
ment of a chromosome called a probe is being
stained with a fluorescent dye and is being
allowed to hybridize to the karyotype. The probe
will hybridize to its corresponding segment on
the karyotype which is being tested. The karyo-
type in an interphase or a metaphase state is being
checked with a fluorescent microscope to see if
the segment is deleted or duplicated [16, 17].
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Chromosomal Micro Array Analysis
Chromosomal micro array (CMA) is designed
and utilized to detect copy number variants
(CNVs), i.e., deletions or duplications (and in
some platforms, loss of heterozygosity (LOH)
and thus uniparental disomy (UPD)).

CNVs consist of up to 12 % of the human
genome. Many of the CNVs are considered poly-
morphic and/or familial and these are usually
nonpathogenic. However, many are pathogenic
and thus associated with abnormalities/mental
retardation (MR) or predisposition to abnormali-
ties/MR. CMA has a substantially higher resolu-
tion than microscopic chromosome abnormality
and can thus identify submicroscopic deletion/
duplication which cannot be identified by the tra-
ditional chromosome analysis.

The evolution of CMAs was rapid and directed
toward new clinical targets and fields. Genomic
PCR products, bacterial artificial chromosomes
(BACs), and oligonucleotides all were used in
comparative genomic hybridization CGH analy-
sis (a type of CMA) [18-20]. While the validity
and use of CMA were emerging, array designs
were addressing the question of coverage and
resolution. Probe coverage on chromosomal
backbone is variable and needed for method
validation and accuracy. Disease-targeted probes
were located according to known loci and
interpretable regions. The use of such a high-
resolution/high-coverage arrays contributed signi-
ficantly to the detection discovery of new copy
variants related to clinical conditions and to the
delineation of many others.

Single-nucleotide polymorphism (SNP) array
is a type of CMA which uses polymorphisms
within a population. There are around 50 million
SNPs that have been identified in the human
genome [21]. An SNP array is a useful tool for
studying variations between whole genomes.
SNP arrays can be used for determining disease
susceptibility, measuring the efficacy of drug
therapies, etc. An SNP array is also being used to
determine CNVs (submicroscopic deletions and
duplications). A significant advantage of SNP
array over CGH array is the ability to report on
regions of LOH and thus identify cases with
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UPD, consanguinity, and products of incest
relationship. A significant drawback of all
CMAs is the inability to detect balanced changes
such as balanced translocation (reciprocal or
Robertsonian).

Next-Generation Sequencing

and WES/ WGS

The polymerase chain reaction (PCR) is a tech-
nology used to amplify a single copy or a few
copies of a piece of DNA across several orders of
magnitude, generating thousands to millions of
copies of a particular DNA sequence [22].

DNA sequencing is the process of determin-
ing the precise order of nucleotides within a DNA
molecule. The first DNA sequences were
obtained in the early 1970s. While at first the task
was extremely time consuming and laborious,
development of fluorescence-based sequencing
methods with automated analysis has made DNA
sequencing [23] easier and substantially faster
[24].

Several new methods for DNA sequencing
were developed in the mid to late 1990s and were
implemented in commercial DNA sequencers
almost a decade later.

Basically, all the methods use a random
surface-PCR arraying method coupled to “base-
by-base” sequencing method. Later, several com-
mercial companies begun to market “massively
parallel signature sequencing,” or MPSS. This
method incorporated a parallelized, adapter/
ligation-mediated, bead-based sequencing tech-
nology and served as the first commercially
available “next-generation” sequencing (NGS)
method [25]. Sharply reduced costs and increased
availability began a new era for massive seq-
uencing, and genome-wide association studies
(GWAS) emerged. Dealing with common dis-
eases, GWAS’ approach was to seek genomic
variants “that will be able to assist in to mapping
risk groups.” In the investigation of single-gene
disorders “whole-genome or whole-exome seq-
uencing” facilitated the detection of new genes
and expanded the spectrum of many known
genetic customized NGS panels were developed,
by which a parallel sequencing of several genes
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that may be involved in a common phenotype is
being carried out. This approach is accurate and a
relatively inexpensive option for identifying a
causative gene in diseases with known genetic
etiology.

MicroRNA Analysis

MicroRNAs constitute a recently discovered
class of noncoding RNAs that play key roles in
the regulation of gene expression [26-29]. Acting
at the posttranscriptional level, these small mol-
ecules fine-tune the expression of up to 30 % of
all mammalian protein-encoding genes. Mature
microRNAs are short, single-stranded RNA mol-
ecules approximately 22 nucleotides in length.
MicroRNAs are encoded by multiple loci, some
of which are organized in tandemly co-transcribed
clusters. MicroRNA genes are transcribed by
RNA polymerase II as large primary transcripts
(pri-microRNA) that are processed by a protein
complex containing the RNase III enzyme
Drosha, to form an approximately 70-nucleotide
precursor microRNA (pre-microRNA). This pre-
cursor is subsequently transported to the cyto-
plasm where it is processed by a second RNase
IIT enzyme, Dicer, to form a mature microRNA
of approximately 22 nucleotides. The mature
microRNA is then incorporated into a ribonuclear
particle to form the RNA-induced silencing com-
plex, RISC, which mediates gene silencing.
MicroRNAs usually induce gene silencing by
binding to target sites found within the 3’'UTR of
the targeted mRNA. This interaction prevents
protein production by suppressing protein syn-
thesis and/or by initiating mRNA degradation.
Since most target sites on the mRNA have only
partial base complementarity with their corre-
sponding microRNA, individual microRNAs
may target as many as 100 different mRNAs.
Moreover, individual mRNAs may contain mul-
tiple binding sites for different microRNAs,
resulting in a complex regulatory network.
MicroRNAs have been shown to be involved in a
wide range of biological processes such as cell
cycle control, apoptosis, and several develop-
mental and physiological processes including
stem cell differentiation, hematopoiesis, hypoxia,
cardiac and skeletal muscle development,
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neurogenesis, insulin secretion, cholesterol
metabolism, aging, immune responses, and viral
replication. In addition, highly tissue-specific
expression and distinct temporal expression pat-
terns during embryogenesis suggest that microR-
NAs play a key role in the differentiation and
maintenance of tissue identity. In addition to their
important roles in healthy individuals, microR-
NAs have also been implicated in a number of
diseases including a broad range of cancers, heart
disease, and neurological disorders. Conseque-
ntly, microRNAs are intensely studied as candi-
dates for diagnostic and prognostic biomarkers
and predictors of drug response.

Genetic Basis of Miscarriage

Prospective cohort studies demonstrated that
only around one-third of conceptions progress to
a live birth [30, 31]. The incidence of early clini-
cal pregnancy loss is estimated to be 15 %, and is
(mainly maternal) age dependent; late losses
between 12 and 22 weeks occur less frequently
and constitute around 4 % [5].

The prevalence of RPL is much lower and the
reported prevalence varies by inclusion criteria.
If only clinical pregnancies are included, the
prevalence is 0.8-1.4 %, while if preclinical
pregnancies are included as well the prevalence
can be high as 3 % [32]. As defined by The
Practice Committee of the American Society for
Reproductive Medicine, RPL is etiologically a
heterogeneous condition. In the literature, a mul-
tifactorial background of RPL is accepted at the
population level, but at the individual level of a
specific couple, RPL is considered to be mono-
factorial. However, none of the reported causes
exhibit high sensitivity or specificity regarding
RPL, meaning etiologic causes of RPL may occur
in couples with RPL as well as in couples with
normal fecundity [33].

In about 50 % of the cases, miscarriage is the
result of chromosome abnormalities. About 50 %
of these are the result of trisomies and 50 % are
non-trisomies, mainly monosomy X and trip-
loidy. Thus, most cases are not inherited and
caused by de novo numerical chromosome
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aberrations (monosomies, polyploidies, and
trisomies) originating in the gametes prior to fer-
tilization or occurring after fertilization. Usually
those tend to be nonrecurring abnormalities with
some associated with maternal age. Less fre-
quently the miscarriage is a result of a gamete
with an unbalanced chromosomal translocation
inherited from a parent carrying a balanced chro-
mosome rearrangement.

Recessive genes or interactions of several
genes may also cause lethal malformations in the
fetus/embryo; however the incidence of miscar-
riages caused by genes with an autosomal reces-
sive mode of inheritance is uncertain and
probably low.

Fetal Aneuploidy

In the general population, the risk of miscarriage
due to fetal aneuploidy increases with maternal
age. The risk of trisomy is known to increase
with maternal age, but translocations do not seem
to be age related.

This age-related risk of miscarriage also
applies to RPL [34]. Most miscarriages with
aneuploidies are de novo, with a recurrence risk
being low, and the risk is being determined by
the mother’s age-related risk. In fact, several
reports demonstrated that the recurrence risk of a
miscarriage seems to be higher following a mis-
carriage of a chromosomally normal conceptus
than after a chromosomally abnormal miscar-
riage [32, 35].

In a series of 167 cases Carp et al. [32]
described the chromosomal abnormalities in 36
cases of RPL and showed that the most common
chromosomal abnormality was trisomy, found in
24 of the 36 chromosomally abnormal embryos.
Trisomy 21 was the most common aberration,
appearing in 5 of the 24 trisomies followed by
trisomies 16 and 18, triploidy, monosomy X, and
unbalanced translocations. The authors con-
cluded that karyotyping the abortuses allows the
patient to be given a more accurate diagnosis and
more useful prognostic information regarding
subsequent pregnancy outcomes. A patient who
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miscarried an aneuploid embryo had a better
chance for a subsequent live birth than the patient
with a euploid miscarriage (OR=3.11). This
finding was also found by Ogasawara et al. [36]
and was statistically significant. Warburton et al.
[37] reported on 273 women who had two abor-
tuses karyotyped. They concluded that there is no
increased risk of trisomy after a previous triso-
mic miscarriage, and that the prognosis is favor-
able for these patients. This may not be the case
in euploid miscarriages. Carp et al. [32] reported
that all 11 patients with a euploid miscarriage
who had a repeat karyotypically normal loss had
a higher recurrence with another euploid fetus,
suggesting an alternative cause of miscarriage.
Philipp et al. [38] explored in several studies the
correlation between embryonic disorganization
detected by embryoscopy and chromosome
abnormalities. In their report from 2003, fetal
malformations were observed in 85 % of cases
presenting with early clinical miscarriage. The
same study also demonstrated that 75 % of the
fetuses had an abnormal karyotype. Only a small
proportion of fetuses with chromosomal aberra-
tion can survive to term. Even trisomy 21, the
most common trisomy observed in neonates at
term, has demise in 80 % in utero or in the neona-
tal period [35, 39]. Ven der Berg [40] summa-
rized six studies [34, 36, 38, 41-45] describing
cytogenetic abnormalities in RPL. Of the 1359
successfully karyotyped miscarriage samples,
39 % had an abnormal karyotype. The spectrum
of chromosome abnormalities included 90 %
numerical abnormalities, 3 % structural abnor-
malities, and 13 % other chromosome abnormali-
ties (mosaicism, double, triple, and quadruple
trisomies, and autosomal monosomy; some sam-
ples had more than one abnormality). Most cases
of chromosomal abnormalities are due to mater-
nal non-disjunction of Meiosis I.

Balanced parental rearrangements are found
in 3-6 % of RPL cases [8] and the most com-
monly encountered parental chromosome rear-
rangements include balanced translocations and
inversions. This risk of miscarriage in these cases
is influenced by the size and the genetic content
of the rearranged chromosomal segments.
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Cryptic CNVs

Some of the miscarriages may be due to submi-
croscopic chromosomal changes [38]. The intro-
duction of CMA enabled a search for CNVs
associated with RPL.

Since CMA does not require cell culture, it
provides us with more accurate information
regarding the incidence and type of chromo-
some abnormalities associated with miscarriages.
Rosenfeld et al. [46] showed that using CMA and
excluding cases referred with known microscopic
abnormal karyotypes, clinically significant abnor-
malities were identified in 12.8 % (64/499) of the
miscarriages/stillborn. Detection rates were sig-
nificantly higher with earlier gestational age and
clinically significant abnormalities were identi-
fied in 6.9 % (20/288) of cases with normal
karyotypes. This detection rate did not signifi-
cantly vary with gestational age, suggesting that,
unlike aneuploidy, the contribution of submicro-
scopic chromosome abnormalities to fetal demise
does not vary with gestational age. SNP analysis
detected abnormalities of potential clinical sig-
nificance, including female triploidy, in an addi-
tional 6.5 % (7/107).

Different reports affirmed the value of CMA
in cases where obtaining tissue for karyotype
was difficult or unavailable (e.g., culture failure)
[47-49].

As published by Reddy (as a part of the
Stillbirth Collaborative Research Network), of the
51 samples with pathologic CNVs, only 43.1 %
(n 22) were detected by karyotype [S0]. Only a
few reports regarding the use of CMA in recurrent
pregnancy loss could be identified. Although the
detection rates using CMA are higher than in
karyotype the interpretation of the findings is
more complex especially when inherited [51].

The literature regarding CNVs in sporadic
miscarriage as well as RPL is sparse. van der
Berg [40] summarized data from seven studies
reporting findings of CMA for detecting submi-
croscopic genetic abnormalities in sporadic
miscarriage samples; those studies refer to 362
miscarriages in total. These combined studies
suggest that in 5 % of all sporadic miscarriages
CNVs are found that cannot be detected by
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conventional cytogenetic analysis. In their report,
Warren et al. reported CMA results in one-third
(8/25) of their cohort presenting with RPL. Four
de novo submicroscopic chromosome abnormal-
ities were found by two different arrays (Xp22.31,
12g33.3, 5p15.33, and Xp22.31); three were
duplications and one deletion. None of the CNVs
seem to have gene content reported that corre-
lates to pregnancy loss [49].

The clinical relevance of these CNVs is still
being learned and no conclusive findings are yet
available. Issues like inherited versus de novo,
size and location, variable expressivity and pen-
etrance, and parental origin are all important
aspects of CNV interpretation. A small number of
cases are reported with parental testing, allowing
only limited conclusions to be drawn [51, 52].
Further studies are needed to determine the size
and distribution of the de novo CNVs in this
group and whether these CN'Vs have an etiologic
role in the miscarriages.

Role of MiRNAs in Miscarriage

MicroRNA (miRNA) has a function in post-
transcriptional regulation of gene expression by
targeting mRNAs for degradation and/or transla-
tional repression [53], and thus has a role in the
repression of protein expression. Thus there
might be a role for miRNA in RPL.

In patients with recurrent implantation failure
some miRNAs were differently expressed. The
affected pathways are of Wnt signaling and cell
cycle and formation of adhesion molecules [54].
Hu et al. [55] reported two single-nucleotide
polymorphisms (SNPs) within the pri-miR-125a
in 217 Han Chinese patients with RPL compared
with 431 controls. This SNP is downregulated in
pre- and mature-miR-125a, leading to reduction
in miR-125a and to less efficient inhibition of tar-
get genes, LIFR and ERBB2, which play impor-
tant roles in the embryo implantation and
decidualization. Other miRNAs associated with
RPL were reported by Jeon et al. [56] in their
study; miR-196a2CC, miR-499AG+GG, and
the miR-196a2CC/miR-499AG+GG combination
was associated with increased risk of idiopathic
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RPL, indicating that the functions of those miR-
NAs and their target genes may be important in
the etiology of RPL.

The assumption that the miRNA can profile to
explain or predict RPL (or an ongoing pregnancy)
is appealing, but more studies are required to
consolidate the data.

The Genetic Work-Up of RPL
Parental

Traditionally, chromosome analysis has been
recommended for couples with RPL although
some controversy is still surrounding this recom-
mendation. Those in favor of routine chromo-
some analysis suggest that it should be included
in the counseling provided to couples with RPL
regarding the recurrence risk and the chance of
having a fetus/newborn with unbalanced chro-
mosomal rearrangement. Those who oppose
offering routine karyotyping for couples with
RPL refer to a study pointing out that carrier cou-
ples with at least two previous miscarriages had
the same chance of having a healthy child as non-
carrier couples with at least two miscarriages
(83 % and 84 %, respectively), and more impor-
tantly a low risk (0.8 %) of pregnancies with an
unbalanced karyotype surviving into the second
trimester [57].

However current clinical guidelines do recom-
mend parental karyotyping as part of the evalua-
tion of couples with RPL, especially if the
maternal age is low at the second miscarriage, or
if there is a history of two or more miscarriages in
first-degree relatives.

De Jong et al. [58] stated that knowing the
result of the fetal karyotype does not predict any-
thing for the next pregnancy, since usually the
value of this knowledge is in explaining to the
parents the reason for the specific miscarriage in
case of an abnormal fetal karyotype. There may
be another advantage of such knowledge. In their
original paper, Mevorach-Zussman et al. [59]
stated that anxiety is a major component in RPL
couples. In their cohort supportive care was not
sufficient, so may be solid medical knowledge
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can actually contribute to relieving the anxiety of
RPL couples.

Routine chromosomal microarray for couples
with RPL is controversial and should be based on
the results of CMA done on the product of con-
ception. Couples with RPL due to inherited
chromosome abnormality will most probably
have balanced chromosome rearrangement which
cannot be detected by CMA.

miRNA analysis has not been recommended
in the routine investigation recommended to cou-
ples with RPL. As in many other medical fields,
miRNA seems to be a promising direction for the
developing medications targeting the regulation
of gene expression.

Aiming to improve pregnancy outcomes, and
achieving a healthy newborn, assisted reproduc-
tive technologies (ARTs) have been used for cou-
ples with RPL. Preimplantation genetic diagnosis
(PGD) can be used to target on known chro-
mosomal aberrations or preimplantation genetic
screening used to screen for chromosomal aber-
rations (PGS) [60]. Both methods select the
best suitable (without chromosomal abnormality)
fertilized egg to be transferred to the uterus.

The second possibility is assuming that the
etiology lies within the embryonic environment,
aka the uterus, and thus placing the embryo in a
surrogate uterus.

PGS is CMA done on a cell obtained from
the blastocyst. PGS can only be performed in
conjunction with an in vitro fertilization (IVF). In
contrast, PGD is done to evaluate the embryos
for a single-gene disorder carried by the couple,
such as sickle cell disease or cystic fibrosis,
where carrier status has been documented in each
of the parents [61].

In high-risk patients for an aneuploid embryo,
such as advanced maternal age, recurrent miscar-
riage, repeated implantation failure, and severe
male factor patients [62—-64], PGS was suggested
as a method to improve pregnancy success rate.
Because the majority of data was collected by
karyotyping of products of conception, many
PGS cycles were focused on common aneu-
ploidies, mainly utilizing fluorescence in situ
hybridization (FISH) approaches. Unfortunately,
results from this approach were disappointing.
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Mastenbroek et al. [65] concluded that PGS
significantly reduced the rates of pregnancies
and live births following IVF in women with
advanced maternal age. A renewed interest in
PGS was noted with the introduction of microar-
ray technologies. To date the data from studies is
limited by the methodology limitations and the
small number of patients included in these stud-
ies and only a few randomized controlled trials
addressing the question of whether or not PGS
should be used in RPL patients [64] are available.

Several studies have shown that PGD for
familial translocations reduced miscarriage rates
from >90 to <15 % [66—69]. The same reduction
rates were noted in RPL patients [70].

Christiansen [71] referred to available studies
regarding PGS in PRL cases. Comparing four
observational studies on RPL to seven studies on
natural conception, live birth rates were 35 % and
41 %, respectively; miscarriage rate for the PGS
group was 9 %, and 28 % in the natural conception
group. It was suggested that since conception after
PGS is expected to take longer than natural con-
ception, the most appropriate way to compare
pregnancy outcome after PGS versus natural con-
ception is to register the live birth rate per time unit.

Surrogacy remains an option for couples with
RPL of an unknown etiology although the data is
sparse and inconsistent. It is important to empha-
size the caution one must take while solid data is
still missing.

Cost-Effectiveness

Foyouzi et al. [72] reported a cost analysis com-
paring cytogenetic analysis of POC following
two miscarriages with a standard RPL work-up.
The authors showed a substantial economic
advantage relative to the common approach to
RPL with an increased advantage.

As discussed, different guidelines for the
management of RM recommend parental chro-
mosome analysis in couples with RM to identify
if one of the parents is a carrier of a balanced
structural chromosome rearrangement [7, 57].
Once a chromosome rearrangement has been
detected in a member of a couple, invasive
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prenatal diagnosis can be offered in subsequent
pregnancies to diagnose unbalanced chromo-
somal abnormalities in the fetus. Van Leeuwen
et al. [73] looked at the economic aspect in the
genetic work-up of couples with RPL. In this
study, by using a theoretical economic analysis,
the authors showed that, in the vast majority of
couples with RM, amniocentesis in all ongoing
pregnancies without knowing the carrier status is
less expensive than parental chromosome analy-
sis followed by amniocentesis in case of carrier
status in one of the parents.

Bernardi et al. suggested that a selective
karyotyping of the miscarriage is cost effective,
as opposed to a nonselective approach [74].

In order to assess the cost-effectiveness of
PGS to achieve a live born, in comparison to
expectant management in RPL couples [75], a
decision analytical model comparing costs and
clinical outcomes study was undertaken. In this
study, the authors found that PGS was not a cost-
effective strategy for increasing live birth, and
the PGS live birth rate needs to be 91 % to be cost
effective compared with expectant management.

Concluding Remarks

In summary approximately 24 % of RPL is
associated with a parental balanced structural
chromosome rearrangement, most commonly
balanced reciprocal or Robertsonian transloca-
tions as well as chromosomal inversions, inser-
tions, and mosaicism. Single-gene defects are
seldom associated with RPL.

CMA done on the POC as well as parental
karyotyping should be included in the investiga-
tion of RPL and genetic counseling should be
offered in all cases of RPL associated with paren-
tal chromosomal abnormalities. Therapy may
include in vitro fertilization with preimplantation
genetic screening or diagnosis. The use of donor
gametes may be suggested in cases involving
parental chromosome rearrangement and surro-
gate mother may be discussed when the etiology
cannot be delineated.

Data available to date is summarized in
Fig. 4.2.
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Fig.4.2 Flowchart showing recent data regarding RPL work-up
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Introduction

Three decades ago antiphospholipid antibodies
(aPL) were proposed to have a causal association
with recurrent pregnancy loss (RPL), suspected
due to placental clots that were observed after
pregnancy loss with subsequent positive serum
aPLs. Following the hypothesis-inducing investi-
gations, an association was found between aPL
and RPL. However, it was not until 1996 that
Kutteh et al. found that treatment of pregnant
women who have aPL syndrome with heparin and
aspirin increased live birth rate to 80 % [1].

With a causal role of aPL established [2],
research was driven by further hypotheses that
inherited thrombophilias may cause pregnancy
losses via their resulting hypercoagulability, and
expanded to also include other adverse pregnancy
outcomes, including effects on preeclampsia,
intrauterine growth restriction (IUGR), placental
abruption, and stillbirth. The various case control
trials that resulted have yielded conflicting con-
clusions regarding inherited thrombophilias and
adverse pregnancy outcomes, and randomized
controlled trials are lacking. No causal role has
been established to date [3]. Our group performed
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a survey of the screening and treatment patterns
for thrombophilia in pregnancy among obstetri-
cians (OBs) and reproductive endocrinologists
(REIs) regarding thrombophilias in pregnancy
[4]. We found that many physicians may still
screen and treat for inherited thrombophilias
beyond the recommendations. This chapter pro-
vides an overview of the pathophysiology of the
most common inherited thrombophilias, and his-
torical findings of their relationships to adverse
pregnancy outcomes. It also summarizes the cur-
rent recommendations for screening and treat-
ment of inherited thrombophilias [5].

Overview

Inherited thrombophilia is defined as a genetic
predisposition to venous thromboembolism
(VTE), usually a genetic deletion or alteration of
a functional protein in the coagulation cascade.
The most common inherited thrombophilias
include factor V Leiden (FVL G1691A) muta-
tion, prothrombin gene mutation (prothrombin
G20210A), protein C deficiency (PCD), protein
S deficiency (PSD), methyltetrahydrofolate
reductase (MTHFR) mutation, and antithrombin
IIT (AT) deficiency. Each of these has a common
role in inducing a hypercoagulable state via
direct or indirect augmentation of prothrombin to
thrombin, its active clot-inducing form (Fig. 5.1).
Since hypercoagulability with inherited throm-
bophilias has been well established, screening of
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pregnant women with a personal history of VTE
has been generally well accepted in practice, with
the purpose of providing thromboembolic pro-
phylaxis if needed. This practice is supported by
the most recent guidelines, and its acceptance
confirmed in our survey findings of physicians’
practices [4]. Screening in the presence of a fam-
ily history of VTE has also historically been
accepted, but has recently been challenged as not
being founded on evidence [6-9]. Subsequently,
the practice is being reassessed currently, with
some evidence against screening in women with
a positive family history of VTE [9].

A larger controversy has existed in the recent
past around the utility of screening for inherited
thrombophilias in women with a history of
adverse pregnancy outcome or loss. Several
strong arguments exist against screening in this
population. Perhaps most importantly, only weak
associations have been found between hyperco-
agulability and pregnancy outcomes, and no
causative relationship has been established [3].
Even more, many inherited thrombophilias are
common in the general population, and most of
these women have normal pregnancy outcomes

[10]. From the standpoint of thromboembolism
prevention, some argue that inherited genetic
aberrations in clotting proteins are less likely to
be significant in the absence of a thromboem-
bolic event history, and that screening this popu-
lation is akin to screening the general population,
which has shown to be cost ineffective [11]. Due
to these positions, recommendations are against
screening women in this group.

Despite the above arguments and published
recommendations regarding the utility of screen-
ing in pregnant women with a history of loss or
adverse outcome, our findings have suggested
that many physicians continue to screen this pop-
ulation. These convictions are not unfounded,
and several historical studies support this stance.
Most studies in support of this practice hypothe-
size microthrombi, thrombosis, and infarction of
the placenta as a contributing etiology of preg-
nancy complications or loss [1, 11, 12]. In addi-
tion, an argument exists that women with any
type of thromboembolic defect have a higher
prevalence of pregnancy complications [13].
Following is a summary of the available evidence
regarding each inherited thrombophilia in rela-
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tion to adverse pregnancy outcomes and risk of
VTE. All data reported here is assuming an
absence of personal or family history of VTE.

FactorV Leiden

Activated factor V is a clotting protein that works
in conjunction with activated factor X to directly
convert prothrombin to thrombin. A specific
mutant form of this protein, factor V Leiden (F5
c.1691G>A; and p.Arg506GlIn), is resistant to
inactivation, leading to higher amounts of acti-
vated factor V, more thrombin formation, and thus
a hypercoagulable state (Fig. 5.1). Although its
heterozygous form is the most common inherited
thrombophilia, its prevalence is still low in the
general population [4]. Less than 0.3 % of these
heterozygotes will have a VTE in pregnancy [5].

Concerning adverse fetal outcomes, two
recent comprehensive reviews of the literature
have determined that carriers of FVL G1691A
have an increased relative risk for RPL (OR 1.52,
95 % CI: 1.06-2.19; and OR 2.02, 95 % CIL:
1.60-2.55) [14, 15]. However, the maternal-fetal
medicine (MFM) network also emphasized a low
absolute risk (4.2 %) of pregnancy loss in women
with FVL G1691A [15]. No significant associa-
tion exists between FVL G1691A and preeclamp-
sia or small gestational age [15, 16]. Associations
between placental abruption and FVL G1691A
are also lacking [17-19]. However, a more recent
MFM network case—control study, while con-
firming a lack of association with placental
abruption, did find an increase in fetal hypoxia-
inducing factors in the placentas of mothers with
FVL G1691A compared with age-matched con-
trols [20]. Current guidelines agree that evidence
is inadequate to recommend screening for factor
V Leiden in women with adverse pregnancy out-
comes of any kind [5, 9, 11, 14].

Prothrombin
Prothrombin G20210A substitution mutation (F2

¢.20210G>A) is the second most common inherited
thrombophilia, second only to heterozygous factor

V Leiden. A mutated form causes a deficiency in
thrombin, with a resulting increase in concentration
of prothrombin in the plasma (Fig. 5.1). VTE inci-
dence with prothrombin G20210A is low, with one
early study suggesting prothrombin G20210A het-
erozygotes to have an absolute risk of <0.5 %, and
homozygotes to only reach 2-3 %. Concerning
RPL, Bradley’s comprehensive literature review
suggested that women with this mutation were
overall twice as likely to have RPL as those without
the prothrombin G20210A mutation (OR 2.07,
95 % CI, 1.59-2.7), but the MFM network deter-
mined no association in their case—control study
and meta-analysis [14, 15, 21]. Both literature
reviews stated that no definitive conclusion could
be made about RPL and prothrombin G20210A due
to a paucity of studies. There is consensus among all
published reviews of literature that no association
exists between prothrombin G20210A and pre-
eclampsia or [IUGR [15, 16, 22]. One study has sug-
gested a correlation with placental abruption, but
most have found no correlation between prothrom-
bin G20210A and placental abruption [16, 21, 23].
Accordingly, the American Congress of
Obstetricians and Gynecologists (ACOG) recom-
mends against screening for prothrombin G20210A
in women with any history of adverse pregnancy
outcomes [5].

Protein C and Protein S Deficiencies

Protein S and activated protein C, in combination,
are necessary for the activation of factors V and
VIII, as summarized in Fig. 5.1. Therefore, a defi-
ciency in either of these proteins can result in a
hypercoagulable state. Whereas the risk of VTE
during pregnancy with either protein deficiency is
up to 7 % in the presence of a personal or family
history of VTE, the absolute risk of VTE in the
absence of such history is 0.1 % and 0.1-0.8 %,
respectively [4]. Further, the prevalence of the dis-
orders is only 0.2-0.3 % in the general population.
No studies have found an association between
either PCD or PSD and early pregnancy loss,
IUGR, or placental abruption. A review of litera-
ture from 2002 that included only 3-5 pertinent
studies found an increased risk of preeclampsia
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with PCD (OR 21.5, CI 4.4-414.4) and PSD (OR
12.7, CI 4-39.7), with an absolute risk of 1.4 %
and 12.3 %, respectively. The same study sug-
gested an increase in stillbirth among those with
PSD (OR 16.2, CI 5-52.3), with an absolute risk
of 6 % [23]. However, due to the small number of
studies with relatively few participants, ACOG
currently does not recommend screening for pro-
tein S or protein C deficiency in women with any
history of adverse pregnancy outcomes [5].

Antithrombin Deficiency

Antithrombin is a small protein that inactivates both
factor Xa and thrombin, and serves as a regulator of
clot formation (Fig. 5.1). A rare deficiency in this
protein results in severe coagulopathy, increasing
the risk up to 25 times those with normal antithrom-
bin levels. Women with antithrombin III deficiency
do indeed have an increased risk of embryonic
demise and fetal death compared with the general
population [24-27]. However, due to the low preva-
lence (1/2500), screening is not recommended in
those with a prior pregnancy loss. Studies observing
its effects on other adverse pregnancy outcomes are
lacking, also due to low prevalence.

MTHFR

MTHEFR is one of the three enzymes that is essen-
tial for the metabolism of folic acid, and is respon-
sible for directly converting homocysteine to
methionine. A mutation in this enzyme can cause
increased levels of substrate homocysteine.
Hyperhomocysteinemia debatably can result in a
hypercoagulable state at the endothelium, and has
historically been associated with RPL [28]; but its
relationship to thrombosis is only theoretical [29].
Two predominant mutations exist, MTHFR
C677T and A1298C. Most recently, however, evi-
dence has suggested that homocysteine is only a
marker for thrombosis rather than a cause, and
that it must be combined with other thrombophil-
ias to present any significant risk of VTE [29-33].
Existing data suggests an absence of any correla-
tion with preeclampsia, [IUGR, or placental abrup-
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tion. However, ACOG and the MFM network has
determined that data is insufficient to determine
the correlation [20, 22, 34]. Accordingly, ACOG
does not recommend screening women for
MTHFR with any history of adverse fetal out-
comes or with a history of VTE [5].

MTHFR polymorphisms are also associated
with an increased risk of neural tube defects
(NTDs) due to low-serum folic acid [35]. Women
delivering a baby with an NTD have more than
twice the incidence of having an MTHFR C677T
polymorphism [36]. In addition, the combination
of MTHFR C677T polymorphism with MTHFR
A1298C polymorphism may further increase the
risk of NTD [37]. Therefore, we think it is pru-
dent to treat these patients with amounts of folic
acid similar to those used to treat patients who
had a prior infant with an NTD [36-38].

Combined Defects

Most studies have only observed VTE risks on
pregnancy outcomes with individual thrombo-
philias. However, a few have assessed combina-
tions of these disorders, such as FVL G1691A/
prothrombin G20210A double heterozygosity,
and FVL G1691A in the presence of an MTHFR
mutation, concluding that an additive or a syner-
gistic effect is present [26, 39—44]. This distinc-
tion should be made, although further exploration
of this topic is beyond the scope of our review.

Acquired Thrombophilias

Due to their non-genetic preponderance, acquired
thrombophilias are classified separately from
inherited thrombophilias, and will be summarized
only briefly for the purpose of contrast since these
disorders are also beyond the scope of this review.
The most common acquired thrombophilia
involves the presence of aPL. The presence of
these antibodies has been associated with second-
trimester as well as first-trimester pregnancy loss
[45, 46]. As such, it is recommended to screen for
the most common of these antibodies (lupus anti-
coagulant, anticardiolipin, and anti-beta2 glyco-
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protein) in women with a history of more than two
or three first-trimester losses, and in women with
one or more loss after 20 weeks with no alterna-
tive explanation [5, 11]. It is also well established
that treating these thrombophilias with heparin
and aspirin improves pregnancy outcomes [1, 2].

Treatment of Inherited
Thrombophilias

Given the current lack of evidence to support an
association between adverse pregnancy outcomes
and inherited thrombophilias, it is currently not rec-
ommended to treat inherited thrombophilias with
adverse pregnancy outcomes alone in mind [4].
However, treatment is justifiable in some patients
with known thrombophilias who are at increased
risk of VTE during pregnancy [47]. The ACOG

treatment recommendations have been abbreviated
and summarized in Table 5.1. They specifically
address thresholds at which to begin anticoagulants,
which can be used to treat all known inherited
thrombophilias  except MTHFR  mutations.
Guidelines do not address the treatment of known
MTHEFR mutations for VTE prevention, but the tra-
ditional treatment has been vitamin B and folate.
However, evidence now suggests that vitamin B
supplementation does not reduce VTE incidence
[32, 48]. Therefore, if one decides to test for and treat
these mutations, folate alone may be the best choice.

Discussion

The most recent ACOG recommendations indi-
cate that evidence is insufficient to screen for
thrombophilias based on previous adverse preg-

Table 5.1 Recommended thromboprophylaxis for pregnancies complicated by inherited thrombophilias

Clinical scenario

Low-risk thrombophilia* without
previous VTE

Low-risk thrombophilia* with a single
previous episode of VTE—not
receiving long-term anticoagulation
therapy

High-risk thrombophilia® without
previous VTE

High-risk thrombophilia® with a single
previous episode of VTE—not
receiving long-term anticoagulation
therapy

Thrombophilia or no thrombophilia
with two or more episodes of
VTE—mnot receiving long-term
anticoagulation therapy
Thrombophilia or no thrombophilia
with two or more episodes of VTE—
receiving long-term anticoagulation
therapy

Based on data from Ref. [47]

Antepartum management
Surveillance only or prophylactic
heparin

Surveillance only or prophylactic
heparin

Prophylactic heparin

Prophylactic, intermediate-dose, or

adjusted-dose heparin

Prophylactic or therapeutic-dose
heparin

Therapeutic-dose heparin

Postpartum management

Surveillance only if no risk factors;
postpartum anticoagulation if risk
factors”

Postpartum anticoagulation
therapeutic or intermediate-dose
heparin

Postpartum anticoagulation therapy

Postpartum anticoagulation therapy
or intermediate or adjusted-dose
heparin

Postpartum anticoagulation therapy
or

Therapeutic-dose heparin for 6
weeks

Resumption of long-term
anticoagulation therapy

ALow-risk thrombophilia: factor V Leiden heterozygous; prothrombin G20210A heterozygous; protein C or protein S

deficiency

“First-degree relative with a history of a thrombotic episode before age 50 years, or other major thrombotic risk factors

(e.g., obesity, prolonged immobility)

‘High-risk thrombophilia: antithrombin deficiency; double heterozygous for prothrombin G20210A mutation and factor
V Leiden; factor V Leiden homozygous or prothrombin G20210A mutation homozygous
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nancy outcomes (intrauterine growth restriction,
stillbirth, abruption, or pregnancy loss) alone in
the absence of additional risk factors for throm-
bosis [5]. However, around 40 % of physicians
treated these women, suggesting that many are
still following older literature, which suggests
that inherited thrombophilias are associated with
adverse pregnancy outcomes [4]. Nevertheless,
the authors agree that evidence is not adequate to
make a definitive association between these preg-
nancy outcomes and inherited thrombophilias.
For those who meet appropriate criteria for
inherited thrombophilia screening, ACOG rec-
ommends that the following tests be ordered: fac-
tor V Leiden, prothrombin G20210A, protein C
and S, and antithrombin III [5]. Most physicians
currently order all of the above, but greater than
40 % of physicians reported also ordering
MTHFR and homocysteine levels in their throm-
bophilia screen, both of which are not considered
part of the recommended thrombophilia evalua-
tion according to ACOG. However, some of these
decisions may have been based on the well-
supported association of MTHFR polymor-
phisms with neural tube defects [36-38].
Concerning treatment, ACOG recommends
that only acquired thrombophilias (antiphospho-
lipid antibody syndrome) be treated for RPL, and
then with heparin and aspirin [5, 49]. While over
half of physicians appropriately treat these anti-
bodies, a large percentage still only use heparin
or aspirin, which has been shown to be inferior to
combination therapy [1, 2]. The majority of phy-
sicians who treat inherited thrombophilias appro-
priately use heparin with or without aspirin [4].

Summary of Current State
of Research and Future Direction

Overall, discrepancies in the literature do still
exist concerning appropriate screening and man-
agement of those with prior adverse pregnancy
outcomes. Large prospective, multicentered trials
and evaluation of national databases, which are
currently being conducted, will be required to
clearly determine the risks associated with inher-
ited thrombophilias in this regard. Until these
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data are available, physicians should compare
their current practice patterns for thrombophilia
screening to the guidelines in the ACOG Practice
Bulletin, with an emphasis on individualizing
their management where data is not sufficient.

References

1. Kutteh WH. Antiphospholipid antibody-associated
recurrent pregnancy loss: treatment with heparin and
low-dose aspirin is superior to low-dose aspirin alone.
Am J Obstet Gynecol. 1996;174(5):1584-9.

2. Rai R et al. Randomised controlled trial of aspirin and
aspirin plus heparin in pregnant women with recurrent
miscarriage associated with phospholipid antibodies
(or antiphospholipid antibodies). BMIJ. 1997;
314(7076):253-7.

3. Rodger MA et al. Inherited thrombophilia and preg-
nancy complications revisited. Obstet Gynecol.
2008;112(2 Pt 1):320-4.

4. Davenport WB, Kutteh WH. Inherited thrombophilias
and adverse pregnancy outcomes: a review of screen-
ing patterns and recommendations. Obstet Gynecol
Clin N Am. 2014;41:133-44.

5. Lockwood C, Wendel G. Practice bulletin no. 124:
inherited thrombophilias in pregnancy. Obstet
Gynecol. 2011;118(3):730-40.

6. Wichers IM et al. Assessment of coagulation and
fibrinolysis in families with unexplained thrombo-
philia. Thromb Haemost. 2009;101(3):465-70.

7. Villani M et al. Risk of obstetric and thromboembolic
complications in family members of women with pre-
vious adverse obstetric outcomes carrying common
inherited thombophilias. J Thromb Haemost.
2012;10(2):223-8.

8. Lussana F et al. Pregnancy-related venous thrombo-
embolism: risk and the effect of thromboprophylaxis.
Thromb Res. 2012;129(6):673-80.

9. Horton AL et al. Family history of venous thromboem-
bolism and identifying factor V Leiden carriers during
pregnancy. Obstet Gynecol. 2010;115(3):521-5.

10. Branch DW. The truth about inherited thrombophilias
and pregnancy. Obstet Gynecol. 2010;115(1):2—4.

11. Bates SM et al. Venous thromboembolism, thrombo-
philia, antithrombotic therapy, and pregnancy:
American College of Chest Physicians evidence-
based clinical practice guidelines (8th edn). Chest.
2008;133(6 Suppl):844S-86.

12. Dizon-Townson DS et al. Fetal carriers of the factor V
Leiden mutation are prone to miscarriage and placental
infarction. Am J Obstet Gynecol. 1997;177(2):402-5.

13. Rey E et al. Thrombophilic disorders and fetal loss: a
meta-analysis. Lancet. 2003;361(9361):901-8.

14. Bradley LA et al. Can factor V Leiden and prothrom-
bin G20210A testing in women with recurrent preg-
nancy loss result in improved pregnancy outcomes?



15.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Inherited and Acquired Thrombophilias and Adverse Pregnancy Outcomes

Results from a targeted evidence-based review. Genet
Med. 2012;14(1):39-50.

Rodger MA et al. The association of factor V leiden
and prothrombin gene mutation and placenta-
mediated pregnancy complications: a systematic
review and meta-analysis of prospective cohort stud-
ies. PLoS Med. 2010;7(6), €1000292.

. Howley HE, Walker M, Rodger MA. A systematic

review of the association between factor V Leiden or pro-
thrombin gene variant and intrauterine growth restriction.
Am J Obstet Gynecol. 2005;192(3):694-708.

. Dizon-Townson D et al. The relationship of the factor

V Leiden mutation and pregnancy outcomes for mother
and fetus. Obstet Gynecol. 2005;106(3):517-24.
Jaaskelainen E et al. M385T polymorphism in the fac-
tor V gene, but not Leiden mutation, is associated
with placental abruption in Finnish women. Placenta.
2004;25(8-9):730-4.

Prochazka M et al. Factor V Leiden in pregnancies
complicated by placental abruption. BJOG.
2003;110(5):462-6.

Rogers BB et al. Avascular villi, increased syncytial
knots, and hypervascular villi are associated with
pregnancies complicated by factor V Leiden muta-
tion. Pediatr Dev Pathol. 2010;13(5):341-7.

Silver RM et al. Prothrombin gene G20210A muta-
tion and obstetric complications. Obstet Gynecol.
2010;115(1):14-20.

Infante-Rivard C et al. Absence of association of
thrombophilia polymorphisms with intrauterine growth
restriction. N Engl J Med. 2002;347(1):19-25.
Alfirevic Z, Roberts D, Martlew V. How strong is the
association between maternal thrombophilia and
adverse pregnancy outcome? A systematic review. Eur
J Obstet Gynecol Reprod Biol. 2002;101(1):6-14.

Di Nisio M, Middeldorp S, Buller HR. Direct throm-
bin inhibitors. N Engl J Med. 2005;353(10):
1028-40.

Blumenfeld Z, Brenner B. Thrombophilia-associated
pregnancy wastage. Fertil Steril. 1999;72(5):765-74.
Preston FE et al. Increased fetal loss in women with heri-
table thrombophilia. Lancet. 1996;348(9032):913-6.
Sanson BJ et al. The risk of abortion and stillbirth in
antithrombin-, protein C-, and protein S-deficient
women. Thromb Haemost. 1996;75(3):387-8.

Peng F et al. Single nucleotide polymorphisms in the
methylenetetrahydrofolate reductase gene are com-
mon in US Caucasian and Hispanic American popula-
tions. Int J Mol Med. 2001;8(5):509-11.
Krabbendam I, Dekker GA. Pregnancy outcome in
patients with a history of recurrent spontaneous mis-
carriages and documented thrombophilias. Gynecol
Obstet Invest. 2004;57(3):127-31.

den Heijer M et al. Hyperhomocysteinemia and
venous thrombosis: a meta-analysis. Thromb
Haemost. 1998;80(6):874-7.

Eichinger S. Homocysteine, vitamin B6 and the risk
of recurrent venous thromboembolism. Pathophysiol
Haemost Thromb. 2003;33(5-6):342—4.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

73

den Heijer M et al. Homocysteine lowering by B vita-
mins and the secondary prevention of deep vein
thrombosis and pulmonary embolism: a randomized,
placebo-controlled, double-blind trial.  Blood.
2007;109(1):139-44.

Bezemer ID et al. No association between the com-
mon MTHFR 677C — T polymorphism and venous
thrombosis: results from the MEGA study. Arch
Intern Med. 2007;167(5):497-501.

Nurk E et al. Associations between maternal methy-
lenetetrahydrofolate reductase polymorphisms and
adverse outcomes of pregnancy: the Hordaland
Homocysteine Study. Am J Med. 2004;117(1):26-31.
Molloy AM et al. Folate status and neural tube defects.
Biofactors. 1999;10(2-3):291-4.

Ceyhan ST et al. Thrombophilia-associated gene
mutations in women with pregnancies complicated by
fetal neural tube defects. Int J Gynaecol Obstet.
2008;101(2):188-9.

Akar N et al. Spina bifida and common mutations at
the homocysteine metabolism pathway. Clin Genet.
2000;57(3):230-1.

Molloy AM, Weir DG, Scott JM. Homocysteine, folate
enzymes and neural tube defects. Haematologica.
1999:84(Suppl EHA-4):53-6.

Coulam CB et al. Multiple thrombophilic gene muta-
tions rather than specific gene mutations are risk fac-
tors for recurrent miscarriage. Am J Reprod Immunol.
2006;55(5):360-8.

Kutteh WH, Triplett DA. Thrombophilias and recur-
rent pregnancy loss. Semin Reprod Med.
2006;24(1):54-66.

Brenner B et al. Thrombophilic polymorphisms are
common in women with fetal loss without apparent
cause. Thromb Haemost. 1999;82(1):6-9.

Sarig G et al. Thrombophilia is common in women with
idiopathic pregnancy loss and is associated with late
pregnancy wastage. Fertil Steril. 2002;77(2):342-7.
Kupferminc MJ et al. Increased frequency of genetic
thrombophilia in women with complications of preg-
nancy. N Engl J Med. 1999;340(1):9-13.

Castoldi E et al. Combinations of 4 mutations (FV
R506Q, FV H1299R, FV Y1702C, PT 20210G/A)
affecting the prothrombinase complex in a thrombo-
philic family. Blood. 2000;96(4):1443-8.
Infante-Rivard C et al. Lupus anticoagulants, anticar-
diolipin antibodies, and fetal loss. A case-control
study. N Engl J Med. 1991;325(15):1063-6.
Lockshin MD. Pregnancy loss in the antiphospholipid
syndrome. Thromb Haemost. 1999;82(2):641-8.
Lockwood C, Wendel G, Silverman N. ACOG
Practice Bulletin no. 138. Thromboembolism in
Pregnancy. Obstet Gynecol 2013;122(3);706-16.
Lonn E et al. Homocysteine lowering with folic acid
and B vitamins in vascular disease. N Engl J Med.
2006;354(15):1567-717.

Kutteh WH. Novel strategies for the management of
recurrent pregnancy loss. Semin Reprod Med.
2015;33:159-66.



Ole Bjarne Christiansen, Astrid Marie Kolte,
Elisabeth Clare Larsen,
and Henriette Svarre Nielsen

Introduction

Recurrent pregnancy loss (RPL) is in Europe
defined as three or more consecutive pregnancy
losses prior to gestational week 22 [1] and affects
approximately 2-3 % of all women aiming to get
a child. In RPL women like in other women
approximately half of the pregnancy losses are
due to embryonal aneuploidy probably occurring
by chance but with increased incidence with
increased maternal age [2]. In the vast majority
of couples no documented cause of pregnancy
loss can be found, although a series of risk fac-
tors for pregnancy loss have been identified.

In this chapter we do not refer to “causes” of
pregnancy loss since the only documented cause of
pregnancy loss is severe embryonal malformation,
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often caused by chromosomal aberration.
Biomarkers associated with pregnancy loss or RPL
will be entitled “risk factors” if they have been
strongly associated with RPL or pregnancy out-
come in case—control studies and/or in well-
designed prospective studies. The main focus in
RPL research has been on biomarkers relating to
endocrinologic, thrombophilic, and immunologi-
cal dysfunctions in the women suffering from RPL.

We provide an overview of the scientific evi-
dence for immune aberrations being involved in
the pathogenesis of RPL and we discuss which
biomarkers related to immune function are candi-
dates for further research or can already be used
in clinical practice.

The feto-placental unit is often entitled the
“feto-placental allograft” as it bears similarities
to the transplantation of an organ such as a kid-
ney from an allogenic donor. In this situation the
allograft can only avoid being rejected when
intensive immunosuppressive therapies are
implemented. A priory, it must be presumed that
the maternal immune system would make efforts
to reject the feto-placental unit, which carries
paternal alloantigens. The previous belief that
rejection is avoided because alloantigens on the
fetus or placenta are separated from the maternal
immune-competent cells has now been
abandoned; in contrast there is plenty of docu-
mentation that recognition of paternally derived
antigens on the feto-placental unit is a normal fea-
ture in pregnancy. One such proof of immune rec-
ognition of paternal antigens is the observation
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that antipaternal human leukocyte antigen (HLA)
antibodies develop in 10-30 % of all normal
pregnancies [3]. However, in a meta-analysis of
relevant studies their presence did not increase
the risk of early pregnancy complications such as
miscarriage [4].

The research in immunological biomarkers
associated with RPL has focused on measure-
ments of autoantibodies in the blood, natural killer
(NK) cells in the blood or decidual tissue, and
cytokines in the blood or decidual tissue and inves-
tigations of classical and nonclassical HLA poly-
morphisms in patients or couples with RPL and
studies of HLA protein expression on trophoblast.

Autoantibodies

Much focus has been on investigation of autoan-
tibodies in RPL since it was early recognized that
women with specific autoimmune diseases, espe-
cially systemic lupus erythematosus (SLE),
hypo- and hyperthyroidism, and inflammatory
bowel disease had an increased risk of pregnancy
loss in early and late gestation [5]. In SLE this
increased risk was associated with the presence
of antiphospholipid antibodies such as lupus anti-
coagulant (LAC) and anticardiolipin antibodies
(ACA) and in thyroid disease the risk was associ-
ated with the presence of thyroid autoantibodies.
LAC and probably also high-titer ACA are asso-
ciated with an increased risk of venous and arte-
rial thrombosis and are in many studies associated
with a reduced chance of live birth in RPL
patients [6]. The role of antiphospholipid anti-
bodies will not be reviewed further here as it will
be dealt with in another chapter in this book.
Thyroid autoantibodies can be found in
5-15 % of women of reproductive age but in the
majority of cases they are not associated with
thyroid dysfunction or reproductive problems.
On the other hand almost all cases of clinical
hyper- or hypothyroidism are associated with the
presence of thyroid autoantibodies. The most
prevalent thyroid autoantibody is thyroid peroxi-
dase (TPO) antibody. A considerable number of
studies have found thyroid autoantibodies with
increased prevalence in RPL and a meta-analysis
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including 8 case—control studies, most of them
small, found that antithyroid antibodies are asso-
ciated with RPL with odds ratio (OR) 2.3 (95 %
CI 1.5-3.5) [7] . It remains to be elucidated
whether the association between antithyroid anti-
bodies and RPL reflects an increased risk of clini-
cal hypothyroidism, which may lead to delayed
embryonal development in pregnancy, or whether
their presence is just a marker of a generally
increased predisposition to an autoimmune
response.

Another autoantibody, antinuclear antibody
(ANA), has been extensively studied in RPL. In a
review from 1996, Christiansen [8] reported that
in 10 of 12 relevant case—control studies there
was an increased ANA prevalence in RPL
patients, though not always statistically signifi-
cant. In the three relevant studies published sub-
sequently, two found significant increased ANA
prevalence in RPL compared with controls [9,
10] whereas one could not detect such an associa-
tion [11]. In one study, the presence of ANA was
associated with an increased risk of pregnancy
loss in the next pregnancy [12].

A direct pathophysiologic link between the
presence of autoantibodies in RPL and fetal death
has not been convincingly documented. In our
opinion, ACAs, antithyroid antibodies, ANA,
and most other autoantibodies in RPL patients
are most likely markers of a general breakage of
autotolerance [5] or are epiphenomenons associ-
ated with carriage of specific HLA alleles such as
HLA-DRB1*03. This HLA allele is associated
with both production of ACA, antithyroid anti-
bodies, and ANA and the risk of RPL [13, 14].

Cytokines

Cytokines are signaling molecules secreted from
immune cells and usually bind to receptors on
other immune cells resulting in stimulation or
inhibition of function. One important division of
cytokines is between the so-called T-helper type
1 cytokines, which promote T lymphocyte cyto-
toxicity and often inflammation and T-helper
type 2 cytokines, which promote antibody pro-
duction and anti-inflammation. Typical cytokines
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in the former group are interferon (IFN)-y and
interleukin (IL)-2 whereas IL-4 and IL-10 are
characteristic T-helper type 2 cytokines. Tumor
necrosis factor (TNF)-a is more difficult to clas-
sify but induces inflammation and apoptosis of
target cells. Wegmann et al. [15] proposed the
theory that normal pregnancy is characterized by
a predominant production of T-helper type 2
cytokines, whereas adverse pregnancy outcomes
such as RPL are characterized by a predominant
T-helper type 1 cytokine production. This theory
is probably too simplistic and has now been mod-
ified to include interactions between T-helper 17
cells secreting the pro-inflammatory cytokine
IL-17 and T-regulatory cells [16]. It has been rec-
ognized that different cytokine profiles may be
beneficial or harmful at different stages of preg-
nancy; for example IFN-y, TNF-a, and other
inflammatory cytokines seem to be crucial during
the implantation process [17], whereas high lev-
els of these cytokines may be harmful later in
pregnancy. This fact makes research in the role of
cytokines in RPL extremely difficult.

Since most cytokines display their effects at
close range, interpretation of results from studies
of cytokine secretion by peripheral blood lym-
phocytes or direct measurements of cytokines in
the blood must be done with caution.
Measurements of cytokines in endometrial biop-
sies or flushing or decidual tissue are subject to
technical and methodological difficulties and will
not be reviewed here.

TNF-a is one of the few cytokines with levels
in the peripheral blood well above the detection
limit of most assays, and since it is a typical pro-
inflammatory cytokine it may be a good marker
for the level of systemic inflammation. High
plasma levels have been reported to increase the
risk of pregnancy loss in RPL patients [18] and
high TNF-a and TNF-o/IL10 ratios characterized
women with euploid miscarriage compared with
those with aneuploid miscarriage [19]. Kruse
et al. [20] found that stimulated lymphocytes
from RPL patients in very early pregnancy, who
went on to miscarry, produced more TNF-a than
those who gave birth. Lastly, it was reported that
patients with RPL after a birth (secondary RPL)
had significantly higher plasma levels of TNF-a

77

in very early pregnancy than RPL patients with
exclusively early miscarriages (primary RPL)
[21]. These observations suggest that a high sys-
temic inflammatory stage in early pregnancy
increases the risk of miscarriage and that in par-
ticular secondary RPL patients are in a pro-
inflammatory stage from very early pregnancy.

Mannose-Binding Lectin

Mannose-binding lectin (MBL) is a plasma pro-
tein produced in the liver. After binding to oligo-
saccharides on the surface of microorganisms, it
activates complement that can kill the microor-
ganisms. Furthermore, MBL by enhancing
phagocytosis can help in clearing apoptotic cells,
cellular debris, and immune complexes, which
would otherwise prompt inflammatory processes.
The result of MBL deficiency may therefore be
pro-inflammatory processes at the feto-maternal
interface and MBL deficiency, which is geneti-
cally determined (see later), is therefore expected
to increase the risk of pregnancy loss. In concor-
dance with this assumption, MBL deficiency
(<100 ng/ml) has been found to be associated
with RPL in three case—control studies [22-24].
In the latter study, MBL deficiency was also asso-
ciated with a significantly poorer prognosis in
RPL patients.

Natural Killer Cells

In the search for immunological aberrations in
RPL patients, there has been much focus on NK
cells in the peripheral blood or decidual or endo-
metrial tissue. NK cells are part of the innate
immune system and in contrast to T lymphocytes
they can recognize and react against target anti-
gens typically on cells affected by intracellular
infection or malignancy without prior
sensitization. This reaction can result in killing of
the cells (cytotoxicity) or secretion of an array of
cytokines. The interest for NK cells in RPL and
other pregnancy complications has been stimu-
lated by three observations: (1) there is a unique
composition of NK cells in the endometrium and
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decidual tissue. More than 90 % of lymphocytes
in the endometrium in the luteal phase and in the
decidual tissue in early pregnancy are low-
cytotoxicity, high cytokine-producing NK cells,
which carry a high density of the CD56 surface
marker (CD56™€") by flow cytometry, but are
negative for the CD16 marker [25]. In contrast, in
peripheral blood, 90 % of the NK cells carry the
CD56YmCD16 markers, which are associated
with high cytotoxicity and low cytokine produc-
tion; (2) the HLA molecules expressed on tro-
phoblast subsets, HLA-G, HLA-C, and HLA-E,
can all act as ligands for the three kinds of acti-
vating or inhibitory receptors found on NK cells
and other cell types found in the uterus: the killer
immunoglobulin-like receptors (KIRs), the CD9%4
receptors, and the immunoglobulin-like tran-
scripts (ILTs) [26, 27]; (3) studies in NK- and
T-cell-deficient transgenic mice with a high fetal
loss rate show that restoration of NK cells by
bone marrow transplantation results in a normal
fetal resorption rate [28].

Investigations of NK cells in RPL can be
divided into (1) studies of NK cell subsets by
flow-cytometric analysis or tests of NK cytotox-
icity of peripheral blood lymphocytes before or
during pregnancy and (2) studies of NK cells in
endometrial biopsies from before pregnancy or in
decidual tissue collected from missed miscar-
riages and elective abortions.

Due to the easy availability, studies based on
peripheral blood have been dominant. Excluding
small studies (studies with <30 RPL patients), the
majority of studies found that the percentage of
CD56+ cells in peripheral blood taken prior to
pregnancy is significantly higher in RPL. women
than controls [29-34]. Even so, some studies did
not find any difference in percentage of
CD56+,16+ cells or CD56+ cells [16, 35]. The
fact that most of the investigated RPL women
were nulliparous and most controls were multip-
arous is a methodological problem in this kind of
studies [36] as a previous successful pregnancy
can induce permanent changes in NK cell subsets
[37]. The limitations of the immunological bio-
markers tested in RPL and proposals for the
research needed to clarify their clinical useful-
ness are listed in the table.
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Cells from RPL patients collected before
pregnancy have also been investigated in tests of
NK cytotoxicity. In several studies in all RPL
subsets [33, 38—40] or in primary RPL [37] a sig-
nificantly increased NK cytotoxicity was found
in patients compared with controls; however,
Emmer et al. [41] in a large study did not find any
difference between the two groups.

A series of studies have investigated the
impact of high NK cytotoxicity on subsequent
pregnancy outcome in RPL patients. Aoki et al.
[42] first reported that RPL patients with high
peripheral blood NK cytotoxicity before preg-
nancy had a significantly higher rate of preg-
nancy loss (71 %) in the next pregnancy than
patients with lower NK cytotoxicity (20 %).
Yamada et al. [43] found a significantly higher
NK cytotoxicity in patients with a subsequent
euploid miscarriage compared with those with
live birth and Morikawa et al. [44] found a non-
significant tendency for the same. In contrast
Liang et al. [45] found similar NK cytotoxicity in
RPL patients with subsequent pregnancy loss and
live birth.

The strongest argument against a significant
role for measurement of NK cytotoxicity in RPL
patients came in a large prospective study by
Katano et al. [46]. In a logistic regression analy-
sis adjusting for recognized risk factors for mis-
carriage, high NK cytotoxicity before pregnancy
had no impact on subsequent pregnancy loss rate.

The composition of endometrial lymphocytes
fluctuates highly in the menstrual cycle with a
six- to tenfold increase in the late luteal phase
compared with the follicular phase [47] and as
previously described the frequencies of the NK
markers in the endometrium and peripheral blood
vary as well. It has therefore rightly been ques-
tioned whether the endometrial NK cell subsets
reflect those in the peripheral blood. A series of
studies have investigated NK cells in endometrial
biopsies taken in nonpregnant cycles in RPL
patients and controls. Assessment of NK cell
populations in these biopsies has been by immu-
nohistochemistry or flow cytometry of homoge-
nized tissue. The former technique is
semiquantitative and subjective and the latter
technique also has limitations, because the tissue
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undergoes enzymatic digestion, which influences
marker expression. By flow cytometry, Lachapelle
et al. found that the CD56" " subset was signifi-
cantly lower in RPL patients than in controls
[48]; using immunohistochemistry, Clifford et al.
found that the frequency of CD56+ cells was sig-
nificantly higher in RPL than controls [49];
Quenby et al. found that significantly more RPL
patients than controls had NK cells >5 % [50];
and Tuckerman et al. reported that mean fre-
quency of CD56+ cells was significantly higher
in RPL than controls [51]. However, no relation-
ship between CD56+ count in the endometrium
and subsequent pregnancy outcome was found in
the latter study: the patients who gave birth even
tended to have higher NK cell numbers than
those who miscarried again. Two quite small
studies, using immunohistochemistry and flow
cytometry, respectively, did not find any statisti-
cally significant difference in NK cell subsets in
the endometrium between RPL patients and con-
trols [52, 53].

Some studies have compared NK cell subsets
in decidual tissue from missed miscarriages of
RPL patients and fertile women having an elec-
tive termination and found differences in NK cell
compositions between the two groups [54, 55].
Since the tissue in the former cases is often
necrotic and inflamed due to the death of the
fetus, whereas fresh and vital in the latter case,
these kinds of studies provide limited valid infor-
mation and they will not be reviewed further
here.

T Regulatory Cells

T regulatory (Treg) lymphocytes have gained
much attention in both general and reproductive
immunology during the recent years. After being
activated by tolerogenic antigen-presenting cells
(APCs), Tregs can suppress the generation and
the effector function of type 1T-cell-mediated
immune responses, which are considered harm-
ful to pregnancy.

Studies in T-cell-deficient transgenic mice
strains have clearly demonstrated that lymphocytes
with the Treg phenotype CD4+, CD25+,Foxp3+
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are important for implantation and successful preg-
nancy in allogenic matings [56]. The role in Tregs
in human pregnancy and especially in RPL is still
not clear, as relevant studies are small and sparse.
Kwiatek et al. recently reported that the percentage
of Tregs in the peripheral blood at the time of preg-
nancy loss was significantly lower in women with
RPL than women with normal pregnancies at the
same gestation age [57]. In women without a his-
tory of RPL, Jin et al. found that those who miscar-
ried had significantly lower frequencies of
CD4+,CD25%" cells in peripheral blood and
deciduas than those with normal pregnancies [58].

A working hypothesis to guide future research
that integrates the current knowledge from ani-
mal and human research of the role of Tregs in
normal and adverse pregnancy has been pro-
posed by Robertson et al. [59]: increasing plasma
estrogen in the late follicular phase causes the
Treg pool in the blood or regional lymph nodes
to expand and causes increased uterine expres-
sion of chemokines resulting in the recruitment
of T cells to the uterus. Male antigens and cyto-
kines in seminal fluid in the vagina recruit tolero-
genic APCs to the uterus and regional lymph
nodes that activate local Tregs, which suppress
pro-inflammatory T-helper type 1 immunity
towards alloantigens on the embryo and tropho-
blast. The hypothesis is attractive as it introduces
adaptive cellular immunity in the pathogenesis
of adverse pregnancy outcomes such as RPL. In
contrast to NK-cell-mediated immunity, an
important feature of adaptive immunity is immu-
nological memory, which is stored in memory T
cells. Clinical observations such as the rare
occurrence of preeclampsia in a second preg-
nancy with the same husband or the negative
prognostic impact of the sex of the firstborn
child in women with secondary RPL (see later)
can most likely be explained by mechanisms,
where tolerance or harmful immunity has devel-
oped in the first ongoing pregnancy and is
remembered by memory T cells.

The current knowledge about Tregs in normal
pregnancy and RPL illustrates the complexity of
the research required in the future. It must take
into account the very dynamic nature of the
Tregs, which relocate between various compart-
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ments, proliferate, and activate according to
cycle-specific endocrine factors and external
antigen exposures provided, e.g., by coitus.

Immunogenetic Studies

All proteins which participate in immune interac-
tions or are parts of immune cells are encoded by
genes, which are often polymorphic due to
single-nucleotide polymorphisms (SNPs) or copy
number variations (CNVs) of DNA sequences.
These polymorphisms may give rise to decreased
or increased protein production and sometimes
disturbances of immune functions.

By genome-wide screening, the polymor-
phisms suggested to affect gene function can be
assigned to specific immunological or metabolic
pathways modulated by the affected genes. In a
recent study, CNVs that rearranged genes in
pathways of “innate immune signaling,” “com-
plement cascade,” or “interaction of Fc gamma
receptors with antigen-bound IgG” were found
highly significantly more often in RPL patients
than in fertile controls [60].

In the following section we concentrate on
studies of a single or a restricted series of candi-
date genes which a priori were considered likely
to play a role in the immunological interactions
being important for pregnancy.

Cytokine Genes

As discussed previously, it is generally believed
that cytokines characterizing a T-helper type 1 or
a pro-inflammatory immune response are
involved in the pathogenesis of RPL. The plasma
levels or the in vitro production of many cyto-
kines are in part determined by polymorphisms
in the genes coding for the cytokines. Many stud-
ies of cytokine gene polymorphisms have been
undertaken in RPL patients. A review [61] con-
cluded that some studies have reported altered
prevalence of polymorphisms in genes coding for
IFN-y, IL-10, IL-6, and IL-1B, but the findings
could not be confirmed in studies by other groups.
The reasons for the lack of confirmed associations
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may be that studies have been small, patient
groups have been clinically heterogeneous, and
the prevalence of the polymorphisms is very dif-
ferent between ethnic groups.

Mannose-Binding Lectin Genes

As previously discussed, two research groups
have reported that MBL deficiency is associated
with RPL and a poor prognosis in these patients.
The plasma levels of MBL are determined by
polymorphisms in the promoter region and exon
1 of the MBL-2 gene on chromosome 10. Specific
combinations of genetic polymorphisms associ-
ated with low (<100 ng/ml) MBL levels have
been reported with increased frequency in RPL
patients and in particular in those with unex-
plained late fetal death [24, 62].

HLA

The HLA region located on the short arm of
chromosome 6 contains the most polymorphic
genes known in the human species. Dependent
on the genetic distance between the various HLA
loci, alleles in each locus display stronger or
weaker linkage disequilibrium, which means
that alleles in different loci are inherited together
more often or less often than expected by chance.
This is an important feature when studies of
HLA polymorphisms in RPL and other disorders
are evaluated.

The HLA molecules play an important role in
both the adaptive and innate immune system. In
the adaptive system, CD8+ lymphocytes can
exert cytotoxic reactions against cells carrying
class I HLA molecules, especially HLA-A and B,
which play an important role in transplantation
immunology. Class II HLA molecules (HLA-DR
and -DQ) are carried primarily on APCs and
present antigenic peptides to T-helper (CD4+)
lymphocytes, which can initiate both humeral
and cellular immune reactions. An individual’s
two sets of HLA class II alleles determine the
repertoire of antigens that he/she can easily be
immunized against, and which antigens will not
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give rise to an immune response. Due to this fea-
ture, HLA class II alleles are associated (some-
times strongly) with most autoimmune diseases,
since these diseases are caused by an adverse
reaction against one or several self-antigens.

NK cells, which belong to the innate immune
system, were initially believed to react against all
cells not carrying HLA molecules, but we now
know that things are more complicated, as NK
receptors can be inhibited or activated by HLA-
C, HLA-G, and -E ligands, often dependent on
the polymorphism of the HLA molecule.

Due to the different ways HLA can influence
immune reactions, studies of HL A in RPL can be
divided into three main categories: studies of
HLA allele incompatibility (sharing) between
partners with RPL; studies of HLA allele preva-
lences in women with RPL; and studies of HLA-
C, -G, and -E alleles in couples with RPL.

All three kinds of studies have been addressed
in a recent meta-analysis by Meuleman et al.
[63], which provide a comprehensive review of
the literature.

Increased HLA compatibility (sharing) was
originally thought to decrease the probability that
the mother would react immunologically ade-
quate to the fetus and produce so-called blocking
antibodies but the importance of these has never
been documented. The vast majority of HLA-
sharing studies is of older date, and used obsolete
serological techniques for HLA determination,
which can detect only broad antigen specificities
of the HLA alleles. The meta-analysis [63]
reported that allele sharing in the HLA-B, -DR,
and -DQ loci was found with significantly higher
frequency in RPL than control couples. However,
these results should be interpreted with caution
due to the obsolete methods used in most of these
generally small studies.

Studies of HLA allele frequencies in RPL
have focused on the HLA-DR or -DQ allele prev-
alences in RPL women and controls since these
are the strongest immune response genes, as
mentioned above. In the meta-analysis compris-
ing eight case—control studies using modern
polymerase chain reaction techniques, it was
found that HLA-DRB1#04 and -DRB1*15 were
significantly increased in RPL patients [63].
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HLA-DRB1*#03 was found with an OR of 1.32
(95 % CI: 0.89-1.97) in patients versus controls,
which was not significant. However, we are con-
vinced that HLA-DRB1*03 may be the strongest
RPL susceptibility class II HLA allele in
Caucasians. In a large case—control study [14] we
found this allele to be highly significantly
increased in RPL patients with increased preva-
lence with increased number of previous preg-
nancy losses. The reason why the HLA-DRB1*03
allele was not significantly increased in RPL in
the meta-analysis may be due to several factors:
Firstly, four of the included studies were
Japanese. In Japan the HLA-DRB1*03 allele is
very rare and the many Japanese patients and
controls will dilute an association of HLA-
DRB1#03 and RPL in the meta-analysis. Studies
of associations between HLA polymorphisms
and disease susceptibility should always be
restricted to specific ethnic groups. Secondly, a
large study with 234 patients and 360 controls
[64] was excluded from the meta-analysis since
the control group comprised normal blood donors
rather than fertile women. This is an unjustified
exclusion since individuals from an unselected
population rather than individuals with no dis-
ease (fertile women) are fully accepted as con-
trols in genetic case—control studies as long as the
disease is rare (RPL prevalence 2-3 %). Third, in
several of the included studies, patients (but not
controls) with all kinds of autoantibodies were
excluded. This will deplete the patient group for
HLA-DRB1*03 positives since this allele is well
known to be associated with autoantibody pro-
duction [13].

In conclusion, taking the meta-analysis and
our own full data set into consideration we con-
clude that HLA-DRBI1*03, -DRB1*04, and
-DRB1*15 may confer susceptibility to RPL in
Caucasians. However, as all these alleles are
quite frequent in a Caucasian population (com-
bined frequency 80 %) this knowledge is not very
useful in clinical practice.

Studies assessing the impact of maternal car-
riage of specific HLA class II alleles on future
pregnancy outcome have provided information
that can be more useful in clinical practice and in
addition have highlighted the importance of a not
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previously recognized immune dysfunction in
patients with RPL. Epidemiological studies have
shown that among patients with RPL after a birth
(secondary RPL), the birth of a boy in the preg-
nancy preceding the miscarriages is significantly
more prevalent (61 % versus 39 %) and patients
with a firstborn boy exhibit a significantly lower
chance of live birth in their next pregnancy [65]
and also after a period of 5 years [66]. Among
RPL patients with a firstborn boy, maternal car-
riage of one of the three HLA-class II alleles,
HLA-DRB1*#15, -DQB1*0501/2, and
-DRB3*0301, the chance of live birth was 22 %
lower than in similar patients not carrying these
alleles [67]. These alleles (HY-restricting class IT
HLA alleles) are known from in vitro models to
present peptides derived from male-specific pro-
teins (HY antigens) to T-helper cells and in trans-
plantation immunology carriage of the alleles
predisposes to graft-versus-host disease after
sex-mismatched bone-marrow transplantation.
Recently it has been reported that the HLA class
II allele HLA-DRB1*#07 also restricts immunity
against HY antigens and in a new prospective
study we confirmed that maternal carriage of this
allele reduced the chance of live birth in patients
with RPL after the birth of a boy [68]. Our
hypothesis derived from the HLA studies and
supported by a study of anti-HY antibodies in
RPL patients [69] is that T-helper lymphocytes
from some women carrying these HY-restricting
class II HLA alleles recognize HY antigens on
the placenta of their first ongoing pregnancy with
a boy, which initiates a series of harmful immune
reactions targeting the trophoblast in the subse-
quent pregnancies ultimately leading to
RPL. More research confirming this mechanism
of RPL is needed; in particular we need to isolate
the suggested clones of HY-specific T lympho-
cytes that initiate or carry out the suggested
immune reactions leading to RPL.

In the section about NK cells we were dis-
cussing the relationship between specific KIR
receptor polymorphisms, HLA and RPL. It has
been shown that feto-maternal mismatch for
HLA-C alleles can induce Tregs that may pro-
mote tolerance to the pregnancy in the uterus
[70]. HLA-C alleles can be divided into so-
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called C1 and C2 groups according to a dimor-
phism at position 80 of the segment of HLA-C
molecule that can bind KIRs. C1 allotypes are
ligands for the inhibiting KIRDL2/3 and activat-
ing KIRDS2, whereas C2 allotypes are ligands
for the inhibitory KIR2DL1 and activating
KIR2DS1. Hiby et al. [71] published data sug-
gesting a role for maternal KIR polymorphisms
and parental HLA-C polymorphisms in RPL. It
was found that situations where the woman car-
ries a combination of KIR genes that is primarily
inhibitory (so-called AA genotype) and where
the father carries C2 allotypes are more frequent
among RPL couples than couples with normal
fertility. Hiby et al. suggested that this combina-
tion of mainly inactivating KIR genotypes in the
woman and their ligands in the parents results in
a predominant decidual NK cell inhibition that
may lead to insufficient secretion of specific
cytokines at the feto-maternal interface, result-
ing in defective trophoblast proliferation and
invasion and subsequent RPL. Another large
study [72] in contrast found that maternal car-
riage of the inhibitory KIR2DL1 in combination
with C2 homozygosity in both partners was
found significantly more often in controls than
RPL women, whereas maternal carriage of the
activating KIR2DS2 in conjunction med Cl1
homozygosity in both partners was found to be
significantly increased in RPL patients. The con-
clusion from this study was the opposite of the
above: that receptor-ligand combinations that
promote inactivation of NK cells are beneficial
for pregnancy and may prevent RPL. In the
meta-analysis of HLA in RPL [63] no associa-
tion between parental C2 allotypes and RPL
could be detected.

Another set of studies have investigated
HLA-G polymorphisms in RPL. HLA-G is a so-
called nonclassical HLA gene, which exhibits
much less polymorphism than classical HLA
genes but has the interesting feature of being
highly expressed in extravillous trophoblast
cells in contrast to all other HLA genes except
HLA-C and -E. No polymorphism in the coding
part of the HLA-G gene has repeatedly been
associated with RPL whereas many studies have
been undertaken regarding a 14-base pair inser-
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tion/deletion dimorphism in exon 8 of the
HLA-G gene, which may affect transcription of
the gene. Several studies have showed an asso-
ciation between low levels of soluble HLA-G in
plasma and homozygosity for the HLA-G
14-base pair insertion [73]. Low levels of solu-
ble HLA-G may in itself result in reduced immu-
nity against the trophoblast since soluble HLA-G
can modulate NK cell function via inhibition of
interactions between NK cells and specific anti-
gen-presenting dendritic cells [74]. In the meta-
analysis by Meuleman et al. combing results
from seven studies, the HLA-G 14-base pair
insertion was nonsignificantly increased in RPL
compared with controls, OR 1.38 (95 % CI:
0.85-2.26) for the insertion/insertion genotype.
However, two other recent meta-analyses includ-
ing 17 studies [75] and 14 studies [76] found that
the HLA-G 14-base pair insertion frequency was
significantly increased in RPL with ORs 1.27
(95 % CI: 1.04-1.55) and OR=1.47 (95 % CI:
1.13-1.91), respectively. In conclusion, the
HLA-G 14-base pair insertion in exon 8 seems to
predispose to RPL. Since the HLA-G 14-base
pair insertion is in positive linkage disequilib-
rium with the HLA-DRB1*03 allele [77] the
question remains whether the HLA-G gene
insertion or HLA-DRB*03 is the main RPL sus-
ceptibility gene.

Conclusions

Overall, the three main arguments for immuno-
logical disturbances playing a role in RPL are the
following:

1. The general knowledge that whenever allo-
genic tissue is introduced into an organism
immune reactions develop and, if not abol-
ished, rejection will occur

2. The observation that a series of autoimmune
diseases and autoantibodies are found with
increased prevalence in RPL

3. The observation that RPL women in the long
term have an increased risk of atherosclerotic
cardiovascular diseases attributable to a
chronic pro-inflammatory state [78, 79]
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Most of the non-genetic immunologic bio-
markers (except autoantibody measurements)
reviewed in this chapter have not been tested in
assays with sufficient reproducibility or the ref-
erence values in normal women or during preg-
nancy have not been sufficiently established
(Table 6.1). Regarding the genetic biomarkers,
DNA-based tests are suggested to have high
reproducibility, but in most cases their diagnos-
tic values must be further studied in large stud-
ies of patients and controls, which are
homogenous with regard to reproductive history
and ethnicity.

The lack of tests with sufficient diagnostic
value for detecting immunological causes of RPL
has wide implications for the identification of
patients for specific treatments or inclusion in
randomized controlled trials. The failure to find
significant beneficial effects of immunotherapeu-
tic treatments such as prednisone [80] or intrave-
nous immunoglobulin [81] in randomized
controlled trials has by many researchers been
attributed to the non-selection of patients for
these trials due to the presence of immune bio-
markers such as high NK cell cytotoxicity levels.
We believe that as long as the diagnostic specific-
ity of the immune tests is not well established,
patients for treatment or participation in random-
ized trials must still be selected based on their
reproductive history, e.g., a poor spontaneous
prognosis evidenced by a high number of previ-
ous pregnancy losses.

In our view, not one but several disturbances
or disruptions of pathways relating to immune
interactions are probably causing many cases of
RPL,; the reproductive process is too important to
be vulnerable to the disruption of only one
immune pathway. We think that disturbances in
several immune pathways (caused by SNPs or
CNVs disrupting DNA sequences) in conjunc-
tion with immunizing events in previous
pregnancies, such as a substantial transfer of fetal
antigens (cells) into the maternal circulation [82],
can promote pro-inflammatory reactions or
breakage of autotolerance. This will predispose
to RPL and other adverse pregnancy outcomes
and ultimately lead to atherosclerotic or autoim-
mune disease.
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Table 6.1 Immunological biomarkers investigated in recurrent pregnancy loss (RPL), their diagnostic value, and sug-

gestions for further research

Biomarker
Autoantibodies

Soluble immune
biomarkes

Immune cells

Genetic biomarkers

Antiphospholipid antibodies

Thyroid antibodies
Antinuclear antibodies

Peripheral blood cytokines
Mannose-binding lectin
Peripheral blood NK cell

subsets

Peripheral blood NK
cytotoxicity

Endometrial NK cells

Decidual NK cells

Peripheral blood Treg cells

Cytokine gene
polymorphisms

Mannose lectin gene
polymorphism
HLA sharing

HLA class II

HLA-C, HLA-G

Associated to
RPL

+++

+++

++

U+

++

Prognostic
value

++

Needed research

Standardization of
assays and cutoff values
Prognostic studies in
untreated patients
Prognostic studies in
untreated patients

More sensitive and
reliable methods

More studies for further
documentation
Establishment of
reference values in
different phases of cycle
or pregnancy
Establishment of
reference values in
different phases of cycle
or pregnancy
Establishment of
reference values in
different phases of cycle
Standardization of
methods

Larger studies

Suitable control samples
(aneuploid missed
miscarriages?)
Establishment of
reference values in
different phases of cycle
Standardization of
methods

Larger studies

More and larger studies
Ethnic and diagnostic
homogeneity of cases
and controls

More studies

Studies using up-to-date
techniques

Clear definition of
criteria for allele sharing
Larger studies

Studies homogeneous
with regard to
reproductive history and
ethnicity

Larger studies

Studies homogeneous
with regard to
reproductive history and
ethnicity
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This suggested complexity of the pathogene-
sis of RPL will be a challenge for future research
in the area, which is further complicated by the
fact that almost half of all pregnancy losses in
RPL women are due to embryonal aneuploidy
with no immunological background. We find it
important for researchers to acknowledge this
complexity instead of narrow-sightedly dividing
the patients into subgroups, each suggested to be
caused by one specific (simple) immunological
or non-immunological etiology.

Large epidemiological studies have now doc-
umented that RPL patients carry a substantial
risk of developing later atherosclerotic disease
[78, 79], which may be due to chronic activation
of pro-inflammatory pathways. Research in the
immunological abnormalities associated with
RPL therefore both has the potential to disclose
pathways leading to pregnancy loss that may be
modified by specific therapies but it may also
identify biomarkers, which can be used for iden-
tifying those patients who are in the greatest risk
of contracting cardiovascular disease in order
that preventive measures can be initiated.
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Introduction

The overall incidence of uterine malformations
in the general population is hard to determine
with accuracy due to a wide range of epidemio-
logic data reported in the literature. It is reason-
able to estimate that uterine malformations are
found in approximately 0.1-4 % of the general
population and in approximately 15 % of patients
with RPL [1]. Some reports describe a preva-
lence as high as 25 % of the general population
[2]. As for the incidence of the specific types of
anomalies, it appears that septate and arcuate
uterus represent 55 % of congenital uterine mal-
formations [1] with the former being the most
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common congenital uterine anomaly encoun-
tered in clinical practice [2]. Women suffering
from Miillerian anomalies (congenital malforma-
tions of the uterus and Fallopian tube) face repro-
ductive challenges in pregnancy maintenance as
well as in conception. The associated clinical
implications of uterine anomalies include an
increased risk of spontaneous abortion, malpre-
sentation, placental abruption, intrauterine
growth restriction, prematurity, operative deliv-
ery, retained placenta, and fetal mortality [2].

Embryology

During embryogenesis, between 5 and 8 weeks of
gestation, the development of the male and female
genital systems is sex indifferent, with the pres-
ence of both the mesonephric (Wolffian) and
paramesonephric (Miillerian) ducts. In a normal
female fetus the absence of a Y chromosome does
not allow for the expression of the testis-
determining factor (TDF) gene, also known as sex
determining region Y (SRY), located in the Y
chromosome of a male fetus. Therefore, in a
female fetus a developing testis does not form and
will not liberate anti-Miillerian hormone (AMH),
also known as Miillerian inhibitory factor (MIF),
as occurs in the male fetus. This process promotes
the degeneration of the mesonephric ducts, and
bidirectional development of the Miillerian ducts
along the lateral aspects of the gonads into the
uterus, uterine cervix, fallopian tubes, and upper
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two thirds of the vagina forming the anatomy of a
female reproductive system.

Between 8 and 20 weeks gestation, the
Miillerian duct will progressively undergo elonga-
tion, fusion, canalization, and septal resorption in
a cephalic direction. Fusion of the paramesoneph-
ric ducts occurs primarily in their caudal portions
forming the uterovaginal primordium. Their non-
fused cranial directions will give rise to the devel-
oping Fallopian tubes with most cranial ends
forming the ostium. Once fusion is complete a
median septum is formed from the now apposed
walls of the two fused paramesonephric ducts. In
order to form single uterine and vaginal cavities,
this septum must degenerate. Abnormalities of the
formation of the cranial paramesonephric ducts
will give rise to anomalies of the uterine tubes, and
malformation of the caudal portions may result in
a myriad of possible congenital uterine anomalies
collectively referred to as Miillerian anomalies,
ranging from complete absence or formation of a
rudimentary uterus (e.g., complete agenesis of the
uterus, Miillerian aplasia, uterine hypoplasia), uni-
lateral aplasia of the paramesonephric ducts (e.g.,
uterus unicornis, uterus bicornis unicollis), and
partial to complete retention of the apposed walls
(forming a uterus subseptus unicollis and uterus
bicornis septus, respectively), with complete fail-
ure of unification forming a double uterus (uterus
didelphys) that may be associated with a single or
correspondingly double vagina. Defective fusion
is considered to be the most common cause of con-
genital uterine anomalies.

The Bcl-2 gene mediates the regression of the
uterine septum caused by apoptosis, and persis-
tence of the septum has been suggested to be a
result of impaired Bcl-2 gene activity. There are
two suggested theories regarding the process of
this regression; the classic theory suggests a uni-
directional regression of the septum, from the
caudal to the cranial aspect of the uterovaginal
canal; the second theory suggests a bidirectional
regression in which the regression occurs simulta-
neously in the caudal and cranial directions [3, 4].

The urinary and genital systems both arise
from a common ridge of mesoderm developing
along the dorsal body wall, and both rely on nor-
mal development of the mesonephric system.
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Hence, abnormal differentiation of the meso-
nephric or paramesonephric ducts may also be
associated with anomalies of the kidneys includ-
ing renal agenesis and renal ectopy [2, 5]. In their
original study, Buttram and Gibbons [6] reported
that 31 % of patients with Miillerian anomalies
had coincident urinary anomalies. Moreover, uni-
lateral abnormalities of the paramesonephric
ducts are more frequently associated with renal
defects. In a study specifically looking at urinary
tract anomalies associated with unicornuate
uterus, 40.5 % had an accompanying renal anom-
aly; of them, the most frequent was renal agene-
sis contralateral to the unicornuate uterus [7].
Thus, imaging study of the kidneys should be
undertaken when a Miillerian anomaly is found,
specifically an obstructive Miillerian anomaly.

Paramesonephric duct abnormalities may also
rarely alter the normal anatomical location of the
ovaries [8]. In patients with a unilateral rudimen-
tary horn uterus or in patients with complete
Miillerian agenesis, an ectopic location or a com-
plete absence of the gonad on the affected side may
also be found. Such occurrences may be observed
in women with a normal uterus. The reported fre-
quency of altered gonad location is as high as 20 %
when the uterus is absent and 42 % in cases of uni-
cornuate uterus. The ovaries in those patients may
be found in the upper abdomen, at the level of the
pelvic brim or in the inguinal canal [9, 10].

Prevalence and Inheritance

Estimating the exact incidence of Miillerian
anomalies in the general population is challeng-
ing, as most of these women may not have an
adverse reproductive outcome and will escape
clinical detection. Overall congenital anomalies
are estimated to occur in about 0.1-4 % of the
general female population [2]. In a study of 679
women with normal reproductive outcomes eval-
uated with laparoscopy or laparotomy prior to
tubal ligation, the incidence of congenital uterine
anomalies was 3.2 % [11].

Interestingly, among women with adverse
reproductive outcomes, the prevalence of uterine
anomalies is higher. Congenital uterine anomalies
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were present in 12.6 % of patients with RPL. The
prevalence of uterine anomalies among women
with recurrent first trimester miscarriage ranged
from 5 to 10 %, and reached 25 % in patients with
recurrent second trimester pregnancy loss [2].

Congenital uterine malformations were found to
be 21 times more frequent among infertile women
than among those with normal fertility [12].

In a meta-analysis of 22 studies including
unselected fertile patients referred for uterine
morphologic assessment at the time of hystero-
scopic tubal occlusion, or abdominal steriliza-
tion, or cesarean delivery, the prevalence of a
Miillerian malformation was 1 in 594 [12]. These
data clearly demonstrate a significant variation in
the reported prevalence of congenital uterine
anomalies amongst women with and without
adverse reproductive outcomes.

A large case—control study conducted by
Sugiura-Ogasawara et al. included 1676 patients
with two or more consecutive pregnancy losses
found major uterine anomalies in 3.2 % of the
study population by hysterosalpingography and
laparotomy/laparoscopy [13].

Jaslow and Kutteh [14] studied the effect of
prior birth or miscarriage on the prevalence of
both acquired and congenital uterine anomalies
in women with RPL. The study population con-
sisted of 875 women who suffered from two or
more consecutive pregnancy losses. Uterine
anomalies (both congenital and acquired) were
diagnosed in 169 of the women (19.3 %). Women
with primary RPL were more likely to have a
structural uterine anomaly compared to women
with secondary RPL. Congenital anomalies were
more prevalent in the primary RPL group (9 %
vs. 4.6 %) with septate uterus being significantly
more common in the primary RPL group com-
pared to the secondary RPL group (6.5 % vs.
3.2 %). Interestingly, no significant difference in
the prevalence of acquired anomalies was found
between the primary and secondary RPL groups.
The prevalence of uterine anomalies among the
169 women was as follows: septate uterus had the
highest occurrence rate (4.9 %), followed by
bicornuate uterus with 0.8 %, unicornuate uterus
0.7 %, T-shaped uterus 0.3 %, and didelphic
uterus 0.2 %. In summary, this important study
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suggests that uterine anomalies are more preva-
lent in cases of primary RPL compared to sec-
ondary RPL. Furthermore, not only is septate
uterus the most common congenital uterine
anomaly, it is also the most common uterine
anomaly associated with primary RPL.

Although the incidence of the various sub-
types of uterine anomalies varies across the stud-
ies, the septate uterus is consistently reported as
the most common uterine anomaly encountered,
while Mayer-Rokitansky-Kiister-Hauser syn-
drome (MRKH), also known as Miillerian
Agenesis, seems the rarest [15].

Familial cohorts of these disorders are uncom-
monly reported and the inheritance of congenital
uterine anomalies remains unclear [16]. Among
the genetic conditions characterized by Miillerian
malformations, the hand-foot-genital syndrome
presenting with bilateral great toe, thumb hypo-
plasia, and various grades of incomplete fusion
of the Miillerian duct must be acknowledged.
Additionally, 7.7 % of women with congenital
uterine anomalies were found to have abnormal
karyotypes. Miillerian anomalies are considered
to be multifactorial and polygenic, and since
many women with Miillerian anomalies do not
present clinical signs, familial studies involving
Miillerian defects are challenging [2].

Classification of Uterine Anomalies

Several classifications of uterine malformation
were suggested over the years. In 1979, Buttram
and Gibbons [6] were the first to propose a clas-
sification that was based on the failure of normal
degree of development. In 1988, the American
Fertility Society [17] introduced a modified ver-
sion of this classification that remains the most
widely accepted classification. More recently, in
2004 and 2005, two classification systems were
proposed by different research groups—the
embryological clinical classification system of
genito-urinary malformations, by Acién et al.
[18]; and the vagina, cervix, uterus, adnexae, and
associated malformations system based on the
tumor, nodes, metastases (TNM) system in
oncology, by Oppelt et al. [19]. Both systems had
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limitations regarding effective categorization,
clinical usefulness, and simplicity, leading some
experts to strive for a comprehensive updated
classification system. Finally, in 2013, a new
classification by the ESHRE/ESGE (European
Society of Human Reproduction and Embryology/
European Society of Gynaecological Endoscopy)
was introduced [20] (Table 7.1). The new classi-
fication system is based on four major leading
concepts:

1. The basis for the categorization of the anoma-
lies is the anatomy.

2. The main classes are based on the type of uter-
ine anomalies derived from the same embryo-
logical origin.

3. Subclasses are defined as anatomical varia-
tions of the main classes expressing different
degrees of uterine deformity.

4. Cervical and vaginal anomalies are classified
separately, from the less severe variants to the
most severe in the order they appear in the
classification system. In a recent study, Di
Spiezio Sardo concluded that the comprehen-
siveness of the ESHRE/ESGE classification
adds objective scientific validity [21]. This
may, therefore, promote its further dissemina-
tion and acceptance, with a probable positive
outcome in clinical care and research.

Uterine Anomalies Diagnostic
Modalities and Techniques

Several diagnostic modalities including both
invasive and noninvasive techniques are available
for the diagnosis of anatomical anomalies of the
uterus. In RPL patients, imaging studies play an
important role during the initial work-up.

3D Ultrasonography

A noninvasive method, currently available in
most clinics and considered to be the preferred
diagnostic modality. It is a relatively quick imag-
ing method that allows the evaluation of the
external contours of the uterus (Fig. 7.1) with
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MRI comparable results. Examples of TVS find-
ings in various congenital uterine anomalies are
presented in Figs. 7.2, 7.3, 7.4, and 7.5. The abil-
ity of 3D ultrasonography to visualize both the
uterine cavity and the myometrium, as well its
ability to differentiate subseptate from bicornuate
uteri, makes it an accurate modality for the detec-
tion of uterine anomalies [22]. Szkodziak et al.
[23] compared the performance of hysterosalpin-
gography (HSG) and 3D transvaginal sonogra-
phy (TVS) in diagnosing uterine anomalies. In 22
cases out of 155 the diagnosis of arcuate, septate,
and bicornuate uterus was possible only after the
use of 3D TVS. Importantly, in five patients the
HSG exam could not be completed due to severe
pain and lack of cooperation; a 3D TVS was per-
formed and found all five cases to have normal
uterus. The authors concluded that 3D TVS can
accurately demonstrate uterine anomalies. Salim
et al. [24] examined the reproducibility of the
diagnosis of congenital uterine anomalies and the
repeatability of the measurements of uterine cav-
ity dimensions using 3D TVS. Two independent
observers evaluated the data. Eighty-three 3D
TVS volumes were examined and both investiga-
tors diagnosed 27 uteri as normal, 33 as arcuate,
19 as subseptate, and 3 as unicornuate; only a
single uterine anomaly was classified by one as
arcuate and by the other as subseptate (kappa
0.97). They concluded that 3D TVS is a repro-
ducible method in diagnosing congenital uterine
anomalies (Fig. 7.1).

Ghi et al. [25] studied the accuracy of 3D
ultrasound in the diagnosis of congenital uterine
anomalies among a group of women with RPL.

Ultrasound scan was performed using a
machine equipped with a multi-frequency vol-
ume endovaginal probe. The insonation tech-
nique was standardized according to the following
criteria: probe frequency set at 9 mHz, a midsag-
ittal view of the uterus filling 75 % of the screen,
three-dimensional (3D) box size including the
uterus from fundus to the cervix, sweep angle of
90°, and sweep velocity adjusted to maximum
quality. As shown in Fig. 7.1, the volume recon-
struction technique was standardized according
to the following criteria: the volume rendering
box was as narrow as possible in the sagittal
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plane and adjusted on the uterine corpus in the
coronal plane, cut plane scrolled in anterior-
posterior fashion with slice thickness set at 1 cm,
transparency low (<50 %), and volume rendering
by a mix of surface and maximum mode. The
analysis of uterine morphology was performed in
a standardized reformatted section with the uterus
in the coronal view using the interstitial portions
of fallopian tubes as reference points. Specific

Fig.7.1 Multiplanar imaging of a
normal uterus at volume ultrasound:
the volume rendering box is as
narrow as possible in the sagittal
plane (panel b) and adjusted on the
uterine corpus in the coronal plane
(panel a). A rendered image of the
normal uterus on the coronal plane is
displayed in panel d. [Reprinted
from Ghi, Tullio et al., Accuracy of
three-dimensional ultrasound in
diagnosis and classification of
congenital uterine anomalies. Fertil
Steril. 2009;92(2):808-13. With
permission from Elsevier]

Fig. 7.2 Examples of three-dimensional transvaginal
sonography findings in congenital anomalies of the uterus.
(a) Arcuate uterus, (b) Bicornuate uterus, (c) Septate
uterus, (d) Subseptate uterus, (e) Pregnancy in septate
uterus. (a—d) [Reprinted from Ghi, Tullio et al., Accuracy

ultrasound diagnosis of uterine anomalies was
based on the classification system originally pro-
posed by the American Fertility Society and sub-
sequently modified according to 3D ultrasound
landmarks [10] (Table 7.2).

Women with negative ultrasound findings sub-
sequently underwent office hysteroscopy; a com-
bined laparoscopic-hysteroscopic assessment
was performed in cases of suspected Miillerian

of three-dimensional ultrasound in diagnosis and classifi-
cation of congenital uterine anomalies. Fertil Steril.
2009;92(2):808—-13. With permission from Elsevier]. (e)
[Courtesy of Tullio Ghi, MD, PhD]
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Fig.7.3 Three-dimensional surface-rendered ultrasound
images showing different types of uterine malformation
using the American Fertility Society classification: (a)
normal uterus; (b) unicornuate uterus; (c) didelphic
uterus; (d) complete bicornuate uterus; (e) partial bicornu-
ate uterus; (f) septate uterus with two cervices; (g) partial
septate/subseptate uterus; (h) arcuate uterus; (i) uterus

with DES drug-related malformations. [Reprinted from
Bermejo, C., Martinez Ten, P., Cantarero, R., Diaz, D.,
Perez Pedregosa, J., Barron, E. Ruiz Lopez, L. Three-
dimensional ultrasound in the diagnosis of Mullerian duct
anomalies and concordance with magnetic resonance
imaging. Ultrasound Obstet Gynecol, 2010;35(5), 593—
601. With permission from John Wiley & Sons, Inc.]

Fig. 7.4 To distinguish bicornuate uteri from septate
uteri with three-dimensional ultrasound we used the for-
mula proposed by Troiano and McCarthy: a line was
traced joining both horns of the uterine cavity. If this line
crossed the fundus or was <5 mm from it, the uterus was
considered bicornuate (a and b); if it was >5 mm from the
fundus it was considered septate, regardless of whether
the fundus was dome-shaped (c), smooth or discretely

notched. [Reprinted from Bermejo, C., Martinez Ten, P.,
Cantarero, R., Diaz, D., Perez Pedregosa, J., Barron,
E. Ruiz Lopez, L. Three-dimensional ultrasound in the
diagnosis of Mullerian duct anomalies and concordance
with magnetic resonance imaging. Ultrasound Obstet
Gynecol, 2010;35(5), 593-601. With permission from
John Wiley & Sons, Inc.]
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Fig. 7.5 Comparison of three-dimensional ultrasound
and magnetic resonance imaging in cases of uterine mal-
formation; the two imaging modalities are extremely
similar. Images, according to the American Fertility
Society classification, show: (a) unicornuate uterus (Type
1Id); (b) bicornuate bicollis uterus (Type IVb); (c) septate
uterus with two cervices (Type Va); (d) partial septate
uterus (Type Vb); (e) uterus with diethylstilbestrol (DES)

anomaly. A specific Miillerian malformation was
sonographically diagnosed in 54 of the 284
women (19 %) included in the study group. All
negative ultrasound findings were confirmed at
office hysteroscopy. Among the women with
abnormal ultrasound findings, the presence of a
Miillerian anomaly was endoscopically con-
firmed in all. Concordance between ultrasound
and endoscopy around the type of anomaly was
verified in 52 of the 54 (96.3 %) cases, including
all cases with a septate uterus and two out of
three with bicornuate uterus. This important
study concluded that volume TVS appears to be
extremely accurate for the diagnosis and classifi-
cation of congenital uterine anomalies and should
conveniently become the first recommended step
in the assessment of the uterine cavity in patients
with a history of recurrent miscarriage. Three-
dimensional ultrasound enables the clinician to
comprehensively assess uterine morphology, thus
alleviating the need for invasive tests.

Hysterosalpingography (HSG) is a radiographic
procedure performed in order to mainly examine
the patency of the Fallopian tubes and the mor-
phology of the uterine cavity. It is usually indi-
cated in the early stages of an infertility work-up

drug-related malformations (Type VII). [Reprinted from
Bermejo, C., Martinez Ten, P., Cantarero, R., Diaz, D.,
Perez Pedregosa, J., Barron, E. Ruiz Lopez, L. Three-
dimensional ultrasound in the diagnosis of Mullerian duct
anomalies and concordance with magnetic resonance
imaging. Ultrasound Obstet Gynecol, 2010;35(5), 593—
601. With permission from John Wiley & Sons, Inc.]

[26]. The radio-opaque contrast medium fills the
cavity, allowing the accurate identification of fill-
ing defects due to Miillerian malformations.
However, this technique cannot accurately differ-
entiate a septate uterus from a bicornuate uterus
[22]. It is also unable to determine the myometrial
thickness above the defect or the size of the defect
itself. Therefore, the major limitation of this exam
lies in its inability to evaluate the external uterine
contour [5]. Another disadvantage is the exposure
to ionizing radiation in typically young women.

Magnetic Resonance Imaging (MRI)

An expensive, powerful but noninvasive and
accurate technique. It has displayed promising
results in the diagnosis and categorization of
uterine malformations with an accuracy of up to
100 % in the evaluation of Miillerian anomalies
[5]. In a study by Bermejo et al. [27], a high
degree of concordance between 3D TVS and
MRI was reported for the diagnosis of uterine
malformations. The structural relationship
between the uterine cavity and fundus was
equally well visualized with both techniques.
Currently MRI is indicated as a complementary
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Table 7.2 Classification of congenital uterine anomalies
according to volume transvaginal ultrasound

Uterine
morphology Fundal contour External contour
Normal Straight or Uniformly
convex convex or with
indentation
<10 mm
Arcuate Concave fundal Uniformly
indentation with | convex or with
central point of indentation
indentation at <10 mm
obtuse angle
Subseptate Presence of Uniformly
septum, which convex or with
does not extend indentation
to cervix, with <10 mm
central point of
septum at an
acute angle
Septate Presence of Uniformly
uterine septum convex or with
that completely indentation
divides cavity <10 mm
from fundus to
cervix
Bicornuate Two well-formed | Fundal
uterine cornua indentation
>10 mm

Unicornuate
with or without
rudimentary
horn

Single well-
formed uterine
cavity with a
single interstitial
portion of
Fallopian tube
and concave
fundal contour

dividing the two
cornua

Reprinted from Ghi, Tullio et al., Accuracy of three-
dimensional ultrasound in diagnosis and classification of

congenital

uterine

anomalies.

Fertil Steril.

2009;92(2):808-13. With permission from Elsevier

imaging modality to 3D ultrasound only in
cases of complex abnormalities that involve in
addition to the uterus both the cervix and the
vagina [22].

Diagnostic Hysteroscopy
Hysteroscopy has become the gold standard for the

evaluation of the uterine cavity and is a reliable and
safe method in an office setting [22]. This tech-
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nique allows visualization of the inner part of the
cervix and uterus, offering direct vision of the uter-
ine cavity and its internal structures and allows
guided biopsies to be obtained if necessary [28].
However, it is also an invasive method that may
cause patient discomfort. Hysteroscopy alone is
unable to differentiate a septate uterus from a bicor-
nuate uterus [22]. In a retrospective analysis per-
formed by Valli et al. [29], 344 women with RPL
and 922 controls were referred for diagnostic hys-
teroscopy. There was a significantly higher rate of
major and minor uterine anomalies (septate and
unicornuate uterus) in the RPL group compared to
the control group (32 % vs. 6 %, p<0.001). There
was no significant difference in uterine adhesions
between the two groups. Another retrospective
analysis by Weiss et al. [30] compared the preva-
lence of uterine anomalies between women referred
to hysteroscopy for RPL after two or more consec-
utive miscarriages. There was no significant differ-
ence in uterine abnormality rates between the 67
patients with 2 RPLs and the 98 patients with 3 or
more RPLs (32 % vs. 28 %, respectively).

Diagnostic Laparoscopy

This modality gives the surgeon the ability to
assess the outer surface of the uterus as well as
other pelvic structures. Nonetheless, it is more
expensive and invasive [5] compared to the previ-
ously reviewed modalities. Currently, diagnostic
laparoscopy is generally reserved for women in
whom interventional therapy is likely to be under-
taken and rarely used for uterine anatomic evalua-
tion purposes [22]. As shown by some, the high
accuracy of 3D TVS or MRI allows a noninvasive
diagnosis and characterization of uterine anomalies
without the need for diagnostic laparoscopy [28].

Sonohysterography

A transvaginal sonogram used in combination
with a saline contrast medium injected into the
uterine cavity. This is a simple and quick proce-
dure with minimal discomfort to the patient and is
now being increasingly used for a routine
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evaluation of the uterine cavity [22]. Goldberg
et al. [26] performed transvaginal sonohysterogra-
phy on 40 consecutive patients with infertility or
RPL previously diagnosed with uterine abnormali-
ties by HSG. The study found that sonohysterogra-
phy was more accurate than HSG and provided
more information about uterine abnormalities. It
also provides additional information on the rela-
tive proportion of the intracavitary and intramyo-
metrial components of submucous myomas, as
well as extracavitary myomas and adhesions [26].

RPL in Different Types of Miillerian
Duct Anomalies and Treatment
Options

Uterine anomalies have been associated with
adverse pregnancy outcomes including spontane-
ous abortion, recurrent miscarriage, malpresenta-
tion, placental abruption, IUGR, prematurity,
operative delivery, retained placenta, and fetal
mortality [2, 31]. However, it is difficult to assess
reproductive outcome precisely, because the major-
ity of studies do not have a control group. In the
following section we discuss the treatment of the
uterine malformations among women with RPL.

Septated Uterus (ESHRE Classification
Class U2)

Septated uterus is the most common Miillerian
anomaly, accounting for about 55 % of all
Miillerian duct anomalies [5]. It is also the most
common major uterine anomaly in women with
RPL [32], with a reported prevalence of 15-26 %.

The etiology of RPL in a septated uterus was
originally attributed to the fibrous and vascular
nature of the septum, despite the lack of histo-
logic data [33, 34]. However, thanks to the use of
MRI and histology it is now clear that the septum
is composed primarily of smooth muscle and not
fibrous tissue [5].

The increased risk of pregnancy loss is most
probably related to the decreased connective tis-
sue of the septum that may result in poor decidu-
alization and reduced implantation rate, while
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increased muscular tissue may result in increased
contractility of the tissue. In addition to the
inherent deficiencies of the composition of the
septum, the overlying endometrium has been
shown to be defective [35]. Studies employing
electron microscopy reported that the septal
endometrium was found to be irregular in mor-
phology, with a decreased sensitivity to preovu-
latory hormonal changes [36]. Morphologic
narrowing of the cavity by the septum, causing a
reduction in endometrial capacity, is also
believed to play a role in the pathophysiology of
adverse reproductive outcome [37].

Finally, inadequate vascularization within the
septum and altered relationships between the
endometrial, myometrial vessels and myometrial
nerves are also considered to be associated with
RPL [33, 34]. If this is true, the likelihood of mis-
carriage caused by septal implantation should
increase with the severity of the disruption of
uterine morphology [24].

Adverse pregnancy outcome seems to be
increased in women with septate uterus as shown
in several studies with fetal survival between 6 and
28 % [2]. Ghi et al. [38] reported on pregnancy
outcome in women with incidental diagnosis of
septate uterus at first trimester scan. They found
that in 24 patients diagnosed at a median gesta-
tional age of 8.2 weeks, the cumulative pregnancy
progression rate was 33.35 % due to the occur-
rence of early (<13 weeks) or late (14-22 weeks)
miscarriages in 13 and 2 cases, respectively.

Septate uterus is amenable to surgical correc-
tion. Hysteroscopic septectomy is the treatment of
choice [22]. This procedure is considered to be
simple and safe and is reported to increase the live
birth rate in patients affected by RPL. It is impor-
tant to emphasize that although hysteroscopic
septectomy is easy and safe to perform, it is criti-
cal to demonstrate the external uterine contour by
3D ultrasound before the procedure to rule out a
bicornuate uterus for which a different therapeutic
approach should be considered (see below).

In addition to some reports on the improve-
ment of infertility and fecundity (38.6 % vs.
20.4 %) after septectomy treatment [39], other
studies suggested that the treatment improved
birth rate in RPL patients [1, 39].
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Fedele et al. [40] reported good results after
septectomy in 102 patients with RPL and infertil-
ity who had a complete or partial septum. The
cumulative pregnancy rate and birth rate after 36
months were 89 and 75 %, respectively, in the
septated uterus and 80 and 67 % in the subsep-
tated group.

Homer et al. [32] published a meta-analysis on
pregnancy outcomes before and after septectomy
and showed a marked improvement after surgery.
However, this meta-analysis includes nonran-
domized observational methodology. Grimbizis
et al. [1] published a nonrandomized study that
included patients with previous delivery and live
birth rate of only 5 %. After septectomy, the sub-
sequent term delivery rate was around 75 % and
the live birth rate was around 85 %.

On the other hand, some authors claim that sur-
gical therapy for septate uterus is not necessary.
For example, Homer et al. [32] in their review
state that septated uterus is not an indication for
surgical intervention. Heinonen [41] reported on
67 patients with a uterine septum and a longitudi-
nal vaginal septum in whom pregnancy outcome
was favorable without surgical intervention.

In our opinion, resection of the septum is
highly recommended for those with infertility or
with RPL to optimize the uterine cavity and mini-
mize adverse obstetrical outcomes once preg-
nancy is achieved [2].

The procedure includes several methods for
removal of the uterine septum using a hystero-
scope or resectoscope, including mechanical
scissors, electrosurgery with knife electrode or
vaporization by bipolar electrodes, yag laser, and
mechanical morcellators. The most acceptable
procedure is the use of a hysteroscope with
mechanical scissors. The septum should be cut
from its middle portion where its vasculature is
usually most scarce. The preferable timing for
the procedure is during the follicular period of
the menstrual cycle and should be performed by
an experienced surgeon. Complications of the
procedure include bleeding, fluid overload, uter-
ine perforation, formation of intrauterine adhe-
sions, and uterine rupture in a subsequent
pregnancy. Future deliveries following the proce-
dure do not mandate a cesarean section [42].
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It remains uncertain if prophylactic removal of
incidentally discovered uterine septa detected
prior to childbearing would be indicated in order
to improve fertility and pregnancy outcomes [43].

In cases with a cervical septum, the resection
of the septum is controversial in regard to the risk
of cervical os incompetence once pregnancy has
been achieved. At present, a cervical septum
should be resected when surgically feasible since
inadequate evidence exists for the risk of cervical
os incompetence [2].

Unicornis Uterus (ESHRE
Classification Class U4, Hemi-uterus)

Unicornis uterus is associated with the worst repro-
ductive outcome, with 30 % of pregnancies result-
ing in miscarriage [22]. Furthermore this
malformation is also associated with intrauterine
growth restriction (IUGR), malpresentation, pre-
term labor, cesarean section, and cervical incompe-
tence [44]. In one recent review of 175 patients and
468 pregnancies, 24.3 % ended in first trimester
miscarriage and 9.75 % in second trimester miscar-
riage with an overall live birth rate of 49.9 % [45].

The presence of a rudimentary uterine horn
containing functional endometrium is associated
with endometriosis, hematometra, hematosal-
pinx, pelvic pain, and acute abdomen secondary
to ruptured rudimentary horn containing ectopic
pregnancy. In those cases, the data support lapa-
roscopic removal in order to prevent these com-
plications [46, 47].

Uterus Arcuatus (ESHRE Classification
Class U1c¢)

Classification of arcuate uterus has been chal-
lenging, because it remains unclear whether this
variant should be classified as a true anomaly or
as an anatomic variant of normal [5]. By defini-
tion, this uterus has an intrauterine indentation
less than 1 cm [22]. It has an estimated preva-
lence of 20 % in the general population [1]. Data
regarding the reproductive outcomes of patients
with an arcuate uterus are extremely limited and
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widely disparate. In small studies, both poor and
good obstetric outcomes have been reported,
although an arcuate configuration is generally
thought to be compatible with normal term gesta-
tion, with a quoted live birth rate of 85 %. In a
study of 38 fertile women with live newborns and
a history of RPL, uterine malformations were
observed in 7.5 % of the cases. The frequency of
arcuate uterus was higher than the 4.6 % found in
131 fertile women with live newborns and no his-
tory of RPL [48]. However, after excluding all
possible extrauterine factors for infertility, surgi-
cal hysteroscopy may be considered in selected
patients with RPL, particularly those with a
prominent or broad configuration of the fundal
myometrium. This type of uterine malformation
must be considered as part of the differential
diagnosis of a partial septate uterus. Some experts
consider arcuate uterus as a subtype of a partial
septate uterus, even though the natural history
and clinical manifestations of arcuate uterus mal-
formation are relatively benign [1]. Even though
the pathophysiology of pregnancy loss in women
with this malformation remains uncertain, one
can view arcuate uterus as a minor alteration of
the uterine cavity shape but with no major exter-
nal change of the contour. This is supported by a
long-term study that found a term delivery rate of
almost 80 % with a live birth rate of 82.7 % and
no adverse impact on reproduction [49].

Uterine Didelphi (ESHRE
Classification Class U3c¢)

This type of uterus, also referred to as a double
uterus, may result from complete failure of the
fusion of the two Miillerian ducts. This results in
a separate and narrower uterus developing from
each duct. Each uterus may have its own cervix
or both uteri may share a single one. This type of
uterus is associated with a double vagina (each
referred to as “hemivagina”) in 67 % of cases,
separated by a thin wall [22]. However, this
anomaly is relatively rare. Nahum [12] found
uterine didelphi in 11 % of all congenital uterine
anomalies. Heinonen [50] studied the clinical
implications and long-term follow-up of 49 cases

101

of didelphic uterus. Complications such as an
obstructed hemivagina and renal agenesis were
found, as well as ovarian neoplasm [9 %]. As for
pregnancies, 94 % of the women had at least one
pregnancy and the miscarriage rate was 21 %.
Ectopic pregnancy occurred in 2 % of the cases,
prenatal mortality in 5.3 %, and prematurity in
24 %. The study concluded that women with this
type of uterus do not have a notably impaired fer-
tility. Grimbizis et al. [1] instead reported a term
delivery rate of approximately 45 % in women
with didelphic uteri.

While the nonobstructive type is usually
asymptomatic, the didelphic uterus with a hemi-
vaginal obstruction could become symptomatic
at the time of menarche and present with dys-
menorrhea. Other complications that may be
associated are endometriosis and pelvic adhe-
sions, possibly secondary to retrograde menstrual
flow in patients with an obstruction [5].

Bicornuate Uterus (ESHRE
Classification Classes U3a and U3b)

A bicornuate uterus results from a partial fusion
of the Miillerian ducts. Bicornuate uteri may be
classified into two subtypes, depending on the
level of the caudal extension of the fundal inden-
tation: bicornuate unicollis if at the level of the
internal cervical os, bicornuate bicollis if at the
level of the external cervical os. The horns of this
uterus are not fully developed and are thus
smaller than those of a didelphic uterus [22]. In a
series of 67 pregnancies among 261 patients with
untreated bicornuate uterus, Grimbizis et al. [1]
found poor pregnancy outcomes, with a mean
miscarriage rate of 36 %. The mean preterm
delivery rate was 23 % and the mean live birth
rate was 55.2 %. They concluded that the preg-
nancy outcome was significantly poorer
(»<0.001) than that of women with a normal
uterus. Usually this type of malformation is not a
candidate for surgical correction, but a Strassman
metroplasty with a wedge resection of the medial
aspect of each uterine horn followed by the unifi-
cation of the two cavities may be considered in
women with RPL [2].



102

Diethylstilbestrol Exposure

Diethylstilbestrol (DES) is an orally active syn-
thetic estrogen that was used between 1948 and
1971 in the prevention of pregnancy loss in
women suffering from RPL. When administered
to pregnant women, it has been shown to increase
the risk of malformations and tumors in the geni-
talia of the offspring. The use of this medication
in pregnancy was discontinued due to its terato-
logic effects. When hysterosalpingography was
performed on 267 DES-exposed women, 69 % of
them presented a congenital malformation of the
uterus. The most common abnormality was a
T-shaped uterine cavity (ESHRE classification
class Ula). How DES affects the uterine devel-
opment is not clear. A )relationship between in
utero DES exposure and the occurrence of cervi-
cal incompetence was also noted.

Treatment of Uterine Malformations

Raga et al. [49], in their review, summarized the
current management of the different types of uter-
ine malformations. For septate and arcuate uterus,
hysteroscopic metroplasty is the treatment of
choice. The other anomalies, which are less fre-
quently encountered, may require more compli-
cated abdominal or combined procedures or may
even not have a surgical solution. The strategy of
management must be based either on the obstetric
history of the patient or on the prognosis of the
malformation itself. Most clinicians do not recom-
mend the Strassman procedure, which was associ-
ated with a high percentage of complications. The
main concept in the treatment of uterine malfor-
mations is close monitoring and follow-up in high-
risk pregnancy clinic, bed rest, and progesterone
treatment for the prevention of preterm delivery.
Cerclage is indicated in cases with cervical os
incompetence diagnosed by medical history or
shortened cervical length by ultrasound. Cervical os
incompetence is difficult to diagnose and is not a
common cause of RPL even in patients with pro-
found structural uterine abnormality. However, cer-
clage has recently been offered as a treatment for
women with RPL and a uterine anomaly other than
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a septate uterus. Seidman et al. [51] compared the
survival rate of fetuses in 86 women with congeni-
tal uterine anomalies and 106 women with normal
anatomy. The incidence of cervical os incompe-
tence proven by HSG was 23 % in the two groups.
Sixty-seven out of 86 and 29 out of 106 were man-
aged with cervical cerclage. The obstetric outcome
was stratified by cervical incompetence and obstet-
ric history. The viable live birth rate was signifi-
cantly higher in the malformed group with cerclage
(88 %) compared with the malformed group with-
out cerclage (47 %). No statistically significant dif-
ferences in live birth rate were found in the normal
uterus with cerclage even when only those women
with a history of RPL were considered. The indica-
tions for cerclage are still controversial. The
CIPRACT study found that therapeutic cerclage
with bed rest reduced neonatal morbidity and pre-
term delivery rates in women with risk factors
(including DES exposure and uterine anomaly)
and/or cervical os incompetence and cervical length
of <27 mm before 27 weeks gestational age [52].

Yassaee and Mostaface [53] studied 40
patients with uterine anomalies, 26 were treated
with cerclage and 14 without cerclage. In patients
with bicornuate uterus and cervical cerclage,
term delivery rate was 76.2 % compared to
27.35 % in the group without cerclage (p<0.05).
Among patients with uterus arcuatus, preterm
delivery rate was not statistically different
between those with or without cerclage.

Cervical os incompetence is still considered
an infrequent cause of pregnancy loss in patients
with major structural anomalies of the uterus. We
recommend to consider prophylactic cerclage for
those patients with uterine anomalies such as
bicornuate uterus and unicornis uterus with a his-
tory of RPL or preterm delivery.

Acquired Uterine Structural
Malformations

Myomas

A uterine myoma, also known as fibroid, is a

benign solid tumor made of fibrous tissue of the
uterus. The myomas’ size and number may vary;
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they are usually slow-growing and asymptom-
atic. Myomas are associated with abnormal uter-
ine bleeding including heavy menstrual bleeding,
infertility, RPL, and complaints related to the
effect of an enlarged uterus on the adjacent struc-
tures in the pelvis [54]. RPL is usually the result
of lesions that distort the endometrial cavity,
being close to the endometrium. The presence of
submucous myomas may deform the uterine cav-
ity; the overlying endometrium is usually thin
and therefore inadequate for normal implanta-
tion. Myomas are common in woman of repro-
ductive age with a prevalence as high as 70-80 %
in woman aged 50 years [55]. The location of the
myomas may affect the reproductive outcome
and function in women, and the removal of the
myoma prior to conception may have a positive
influence on pregnancy rate [56]. In a
meta-analysis by Pritts et al. [56] women with
submucous myomas had significantly higher
spontaneous miscarriage rates (RR 1.68, 95 % CI
1.37-2.05, p=0.022). The mechanism by which
submucous myomas affect pregnancy outcomes
is unknown. Histologic testing did show glandu-
lar atrophy of the endometrium overlying the
myomas and opposite to the myomas. The atro-
phy has been suggested to impair the implanta-
tion and nourishment of the developing embryo
[57, 58]. Other suggested mechanisms are
impaired transport of gametes, altered uterine
contractility, and other negative effects such as
enlarging or deforming the endometrial cavity
and obstructing tubal ostia [59, 60]. Myomas
may also cause implantation failure by physically
altering the uterine shape, preventing discharge
of intrauterine blood or clots, and by altering the
normal endometrial development [60]. Due to the
increasing use of US, there has been a rise in the
diagnosis of uterine leiomyomas in women with
unexplained infertility [61].

Regarding the recommended treatment,
another interesting finding of the study performed
by Casini et al. [62] was that there is an important
role for the removal of fibroids before conception
and pregnancy. However, it is still undetermined
who are the patients that may benefit the most
from the invasive surgical approach. In a study by
Pritts et al. [56] the relative risk of spontaneous
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pregnancy following submucous myomectomy
was (.77, compared to the control subjects who
did not undergo myomectomy. This confirms the
important role of uterine fibroids in infertility as
well as the importance of fibroid removal before
conception, to improve both the chances of fertil-
ization and pregnancy maintenance. Patients who
had submucous fibroids larger than 2 cm distort-
ing their uterine cavities had a higher pregnancy
rate following hysteroscopic resection [22]. It
seems that subserosal myomas have little, if any,
effect on reproductive outcome, especially if they
are up to 5-7 cm in diameter. Intramural myomas
that do not invade the endometrium may be con-
sidered as well to be relatively harmless to repro-
duction, as long as they are smaller than 4-5 cm
in diameter [60]. Submucosal as well as some
intramural myomas that compress the uterine
cavity significantly reduce pregnancy rates, and
surgical removal should be considered before
assisted reproductive techniques are used [63].
The association between submucous myomec-
tomy and pregnancy loss is less evident as there is
insufficient data regarding this association.
Moreover, an inherited bias exists due to the
increased risk of first trimester loss. The available
evidence is suggestive of benefit. Clearly more
data are required, but this evidence suggests that,
at least in selected patients, submucous myomec-
tomy may reduce the risk of spontaneous miscar-
riage [61]. Therefore, one can conclude that the
two parameters influencing better outcomes of a
future pregnancy are the location and size of the
myomas. Hysteroscopic myomectomy is the gold
standard for the treatment of submucous myomas.
For other myomas, abdominal or laparoscopic
myomectomy by a trained surgeon is the best
alternative [60]. It is now recommended that most
of the intramural and subserosal uterine myomas
should be treated with laparoscopic myomectomy
in women who desire to preserve their uterus. The
post-laparoscopy pregnancy rates are estimated to
be 50-60 % [64]. Another less invasive surgical
approach is laparoscopic-assisted myomectomy
(LAM), which became a safe and efficient alter-
native to both laparoscopic myomectomy and
myomectomy by laparotomy for patients with
numerous large or deep intramural myomas [22].
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Uterine Polyps

Polyps are growths, endometrial masses attached
to the inner lining of the uterus. They can be dif-
ferentiated from fibroids by the fact that while
fibroids are mainly composed of muscle tissue,
polyps are made of endometrial tissue. Polyps
consist of benign hyperplastic endometrial
growth. It is suggested that polyps with intracav-
ity extensions may act like foreign bodies within
the uterine cavity [22]. Another suggestion is that
they play a role in inducing chronic inflammatory
changes in the endometrium, causing the area to
be less receptive for pregnancy implantation and
support. However, the association between
endometrial polyps and RPL is yet to be proven.
Several more hypotheses have arisen more
recently. A case—control study by Rackow et al.
[65] evaluated the effect of hysteroscopically
identified endometrial polyps on the endome-
trium using known molecular markers of endo-
metrial receptivity. Marked decrease in the
mRNA levels of the HOXA10 and HOXA11 was
observed in a uterus with endometrial polyps.
These molecular markers are thought to impair
implantation. These findings offer a possible
molecular mechanism to support the clinical
findings of lower pregnancy rates in women with
endometrial polyps.

Even though the association between endo-
metrial polyps and pregnancy loss is yet to be
proven, polyps are more common in patients
with recurrent spontaneous miscarriage [29].
The current treatment approach to infertile
women, particularly those undergoing in vitro
fertilization and embryo transfer, is to perform
hysteroscopic polypectomy when intrauterine
filling defects are diagnosed [66]. Perez-Medina
et al. [67] attempted to determine whether hys-
teroscopic polypectomy before intrauterine
insemination (IUI) resulted in better pregnancy
outcomes. Two hundred and fifteen infertile
women scheduled to undergo IUI participated in
the study and it was reported that, compared to
women who did not undergo the procedure, hys-
teroscopic polypectomy improved the likeli-
hood of conception, with a relative risk of 2.1
(95 % CI 1.5-2.9).
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It seems that hysteroscopic polypectomy
enhances fertility [68]. Therefore, one should
consider performing polypectomy in women
with uterine polyps and RPL, especially when no
other etiology has been found.

Intrauterine Adhesions

Intrauterine  adhesions, also known as
Asherman syndrome, occur most often due to
exaggerated postpartum or postmiscarriage
dilatation and curettage. Other causes include
genital tuberculosis, previous uterine surgery
[69], and endometritis [22]. The adhesions
may result in infertility and/or RPL [70];
although this is not a common cause it may
lead to secondary infertility in these patients.
These intrauterine scars can interfere with the
normal implantation process, therefore being
responsible for pregnancy loss. The type and
extent of intrauterine adhesions vary. They are
expected to be found more often in women
with RPL since vacuum aspiration, which is
one of the leading causes of uterine adhesions,
is a common procedure in cases of early preg-
nancy loss. In a study performed by Ventolini
et al. [71], among 23 patients with an other-
wise unexplained history of three or more first
or second trimester miscarriages and no live
births, hysteroscopy showed that 5 (21.8 %) of
the women had intrauterine adhesions.
Classifying the adhesions can be done accord-
ing to the amount of the involved uterine cav-
ity. Minimal adhesions are defined by the
involvement of less than one-fourth of the uter-
ine cavity with thin and filmy adhesions. If
affecting one-fourth of the uterine cavity with
no agglutination of the walls, ostial areas and
partial occlusion of the upper fundus, it is
defined as moderate adhesions. Severe adhe-
sions involve more than three-fourths of the
uterine cavity, with agglutination of the walls
or thick bands and occlusion of the ostial areas
and upper uterine cavity [69].

It is agreed that adhesions should be hystero-
scopically resected. In a retrospective case report
series published by Pabuccu et al. [69], 40 women
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with RPL or infertility underwent hysteroscopic
adhesiolysis. The majority of women included in
the study had a history of vigorous curettage and
two had a history of genital tuberculosis. Women
with previous uterine surgery were excluded
from the study. All women with RPL conceived
after surgery and 71 % of pregnancies resulted in
term or viable preterm infants. Out of eight
patients with mild adhesions, seven conceived
after surgery, as did three out of four patients
with moderate adhesions.

Hysteroscopic synechiae resection seems to
be indicated when the adhesions are classified as
moderate to severe or the access to the tubal
ostia is blocked [69]. When no other cause for
RPL is found, and mild adhesions are present,
one should consider performing adhesiolysis as
well. It should be noted that uterine adhesions
caused by genital tuberculosis are usually cohe-
sive and have a tendency to recur, therefore con-
ferring a poor prognosis. The reproductive
outcome correlates with the severity of the ini-
tially diagnosed adhesions.

Summary

Congenital Miillerian and acquired uterine
structural abnormalities are important in the
pathophysiology, diagnosis, and therapy of RPL.
Therefore, an anatomical work-up is recom-
mended for RPL patients according to ASRM
guidelines. The initial diagnostic modality is 2D
followed by 3D transvaginal ultrasonography.
These modalities will provide the diagnosis in
more than 95 % of the cases. The findings should
be classified using the newer and simplified
ESHRE classification. Following diagnosis,
appropriate interventions should be considered
when indicated, like septectomy for a septate
uterus or adhesiolysis for intrauterine adhesions.
Other (non-septate) Miillerian anomalies require
close monitoring and a few of them may benefit
if cervical cerclage is performed. For acquired
malformation, adhesiolysis as well as synechiae
and resection of uterine myomas are recom-
mended in the setting of RPL.
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Introduction

In the process of human reproduction, germ cells
become distinct early in life and undergo a process
of differentiation with an objective of generating
progenitor cells for perpetuation of the species.
Shaping of the sperm nucleus occurs in late sper-
miogenesis with remarkable condensation of
sperm chromatin that enables the spermatozoa to
thrive in hostile environments. This includes the
passage of the spermatozoa in acidic environment
of the vaginal tract, and encountering certain
inhospitable conditions, such as the opposing
motion of cilia within the uterus and fallopian
tubes. Within this setting, the male germ cells ful-
fill their final task of delivering the paternal
genome after meeting the oocyte. Remarkable
modulation of gene expression must underlie the
rapid and dramatic changes in the morphology and
biochemistry of the germ cell during spermato-
genesis. Some elements of this newly established
genomic organization in relation to spermatozoa
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have been known for a long time including the
DNA-packaging proteins, histone variants, transi-
tion proteins, and protamines which are expressed
and act in a sequence-specific manner [1].
However, critical information on specific factors
managing these elements is still missing. Although
a growing number of studies investigate functional
genome organization in somatic cell nuclei, it is
largely unknown how mammalian genome organi-
zation is established during embryogenesis. This
is utterly important in the context of recurrent
pregnancy loss (RPL) as even after a successful
fertilization, 30-50 % of the conceptions are lost
before the end of first trimester while 15-20 % of
clinical pregnancies end through spontaneous
abortions [2-5]. In modern times, RPL has been
defined as two or more consecutive pregnancy loss
in less than or equal to 20 weeks of gestation [6]
and is usually studied from the women’s perspec-
tive due to the close association between the
mother and the developing embryo. Moreover, the
significance of the unique features of gene expres-
sion in spermatogenic cells is controversial. Some
workers believe that these features have special
functions in meiosis and differentiation of sperma-
tozoa while others, suggest that they are a symp-
tom of leaky, inappropriate, or promiscuous
transcription [7]. Last few years have seen dra-
matic changes with a plethora of publications that
sheds light on how a nucleosome-based genome
of a spermatozoon loses its fundamental organiz-
ing structural unit and adopts a new packaging
principle, which is apt to be recognized and taken
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in charge by the maternal genome reprogramming
factors in the egg. These new findings in the con-
text of RPL will be discussed with emphasis con-
comitant with the currently available working
models for the molecular basis of histone-to-prot-
amine transition.

Sperm Chromatin

A key feature of mammalian spermatozoa is its
unique chromatin structure. Male germ cells
undergo unique and extensive chromatin remod-
eling soon after their specification (determination
to become a spermatocyte) and during the differ-
entiation process to become a mature spermato-
zoon [8]. Haploid male germ cells package their
DNA into a volume that is typically 10 % or less
than that of a somatic cell nucleus. To achieve
this remarkable level of compaction, spermato-
zoa replace most of their histones with smaller,
highly basic arginine- and (in eutherians)
cysteine-rich protamines. In other words, testis-
specific nuclear proteins, the transition proteins,
and the protamines, are responsible for this chro-
matin condensation. In early spermatids, DNA is
compacted around nucleosomes containing his-
tones, the universal organization units of the
genome [9]. The first step of the process of com-
paction occurs in round spermatids which
involves displacement of the histones with the
transition nuclear proteins (TP1 and TP2).
Subsequently, in elongating spermatids, two iso-
forms of protamine proteins, protamine 1 (P1)
and 2 (P2), take the place of transition proteins in
the sperm chromatin. The ratio of incorporated
P1 and P2 is tightly regulated at ~1:1 in the
mature sperm [10-13]. With the aforementioned
transition, a high degree of chromatin compac-
tion is achieved that results in trancriptionally
silent paternal DNA, thus, effectively protected
against DNA damage (Fig. 8.1) [14]. In effect,
protamination is responsible for the removal of
core epigenetic layer from the paternal chromatin
that leads to the belief that spermatozoa are
incompetent to drive epigenetic changes in the
embryo and their utility lies only in the delivery
of an undamaged DNA blueprint to the embryo.

L.Samanta et al.

However, recent evidence challenges this dogma
that demonstrates how highly specialized and
unique modifications retained in sperm chroma-
tin may actually provide significant influence in
the early embryo [15]. However, even after the
replacement, there still remain a small portion of
histones which include testes-specific histone
variants and canonical histones. Intriguingly, the
retention of these histones could be either a result
of inefficient replacement machinery or some
regulatory mechanism. Interestingly, recent stud-
ies have found that this histone retention to be
programmatic in nature [16]. Thus, the mamma-
lian sperm chromatin can be categorized into
three domains: (a) the large majority of DNA is
packaged by protamines, (b) a smaller amount
(~15 %) retains histone-bound chromatin and (c)
the nuclear matrix attachment region (MARs) for
the attachment of DNA (Fig. 8.1). However, the
mechanisms underlying the replacement of these
histones remain largely unknown [17]. Current
evidence suggests that the larger structural
domain (i.e., DNA packaged with protamines)
plays a pivotal role in gene silencing during sper-
matogenesis but have no role post-fertilization
and embryo development rather is protective in
nature [7, 18, 19]. While, latter two structural
domains, mentioned earlier are transferred to the
paternal pronucleus and play a pivotal role during
fertilization and embryonic development. The
nuclear matrix organization is essential for DNA
replication, and the histone-bound chromatin
identifies genes that are important for embryonic
development. Accordingly, well programmed
chromatin packaging in sperm could potentially
deliver epigenetic information to the oocyte and
the zygote, post-fertilization. However, the con-
tention that sperm protamines have no discrete
role in early embryogenesis and they are mainly
protective in function during and post-fertilization
has been supported by three lines of evidence.
Firstly, the replacement of protamines by his-
tones in the first 2—4 h post-fertilization enables
the paternal chromatin to be accessible to the
chromatin of the oocyte [20, 21]. Secondly, the
high resistive nature of sperm chromatin to
mechanical disruption as compared to somatic
cell supports the fact that protamines have a role
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in DNA protection. Finally, injection of round
spermatids into mouse oocytes resulted in normal
development of pups, thus concluding that prot-
amines are not the prerequisite for normal
embryogenesis [22]. Various hypotheses explain
why sperm exhibit unique chromatin structure.
First, condensation of sperm chromatin may help
to generate a compact hydrodynamic shape.
Second, the compaction of chromatin may pro-
tect the paternal genome from physical and
chemical damage. And third, protamines could
be involved in epigenetic regulation [23]. Thus,
packaging of sperm chromatin have been catego-
rized into four different levels of organization
which includes (1) chromosomal anchorage-
attachment of the DNA to the nuclear annulus;
(2) formation of DNA loop domains (3) chroma-
tin condensation which refers to the replacement
of somatic cell-like histones by sperm-specific
protamines for condensation of DNA into com-
pact doughnuts; and (4) chromosomal position-
ing [24]. However, the retention of nearly
10-15 % of the histone-based nucleosomal struc-
ture has raised several questions with regard to
the utility of paternal epigenome in embryonic
development. Furthermore, it has been demon-

strated that histones with specific modifications
in the sperm cell are also present in the paternal
pronucleus, thus reflecting on the fact that they
were never replaced [25, 26]. In theory, this
selective retention in sperm could allow for tar-
geted gene activation or silencing in the embryo.
An additional feature in the organization of sperm
chromatin is the MAR as mentioned earlier [27].
The sperm chromatin is organized into loop
domains and attached to a proteinaceous nuclear
matrix. These MARs are no larger than 1000 base
pairs and located between each protamine toroid
by anchoring the toroids into place and thereby
often termed as toroid linkers. Several pieces of
evidence support a functional role for the sperm
nuclear matrix in the function of the paternal
genome during early embryogenesis [7]. These
toroid linkers are enriched with histone and
thereby extremely sensitive to nuclease activity.
In addition to providing association between the
DNA and the nuclear matrix, these MARs also
function as a checkpoint for sperm DNA integrity
after fertilization. Thus, the transmission of
sperm histones and associated chromatin struc-
tures, suggests the possibility of the newly fertil-
ized oocytes inheriting histone-based chromatin
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structural organization from the spermatozoa.
This series of nucleoprotein exchanges during
spermiogenesis provides an excellent model for
the sequential gene expression and therefore, is a
matter of general interest.

Nuclear Proteome
of the Spermatozoa
and Its Role in DNA Stability

The first sign of sperm chromatin packaging is a
massive increase in the level of acetylation of core
histones as revealed by immunocytochemistry and
western blot analysis. This results in the incorpora-
tion of noncanonical, replication-independent tes-
tis-specific histone variants into the nucleosomes
of developing spermatocytes and implies that his-
tones are displaced prior to global replacement
[28]. It is therefore, imperative to understand the
attributes of the core histones of the nucleosome-
bound DNA of the sperm chromatin that assist in
the formation of the nucleoprotein make up of the
spermatozoa. In early spermatids, DNA is com-
pacted around nucleosomes, the universal organi-
zation units of the genome. A nucleosome is
comprised of DNA coiled around an octamere of
canonical histones (i.e., H2A, H2B, H3, and H4)
[16]. These are a subset of histones found in
somatic chromatin and are more susceptible to
covalent modifications such as methylation, acety-
lation, ubiquitination, and phosphorylation. Each
of these chemical modifications to histones works
alone or in concert, under the name of the “histone
code” to influence gene repression and/or activa-
tion [23]. These subsets of histones include histone
H?2 that takes the form of two minor variants, called
H2A.X and H2A.Z, and the histones H3 and H4
and are extensively acetylated. As a prelude to
removal of the histones, the stable nucleosome
structure is relaxed by processes linked with acety-
lation of histone H4 [29]. Within the amino-termi-
nal tail of histone H4, four lysines can be acetylated:
lysine 5, lysine 8, lysine 12, and lysine 16 (H4KS,
H4KS8, H4K12, H4K16). In humans, however,
H4KS8 and H4K16 acetylations occur in elongating
spermatids. In addition, acetylation of histone H3
(H3K9) can be detected in elongating spermatids
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of humans [1, 15]. It has been reported that these
modified histones are responsible for the formation
of slightly smaller nucleosomes that apparently
lack either H3 or H4 and repackage at least some of
the pericentric/chromocentric DNA, providing evi-
dence for novel nucleosome-like complexes in
spermnuclei that are delivered to the egg at fertil-
ization (Fig. 8.2). The establishment and removal
of acetylation is accomplished by histone acetyl
transferases (HATs) and deacetylases (HDACs),
respectively. Histone acetylation relaxes chromatin
and makes it accessible to transcription factors,
whereas deacetylation is associated with gene
silencing [23]. It has been hypothesized that H4
hyperacetylation in mammalian spermatids leads
to an open chromatin structure that facilitates and
induces histone displacement. Further evidences
suggest that sperm H4Ac being species-specific is
either not lost from the sperm during pericentric
condensation or is present as a separate, nonperi-
centric compartment, possibly located in the poste-
rior of the sperm [30] or peripheral nuclear regions
[31]. It is a matter of concern as to whether these
paternally derived histones contribute to and persist
in zygotic chromatin is currently unresolved.
However, both H2AL1/2 rapidly disappear after
fertilization in the mouse [32] while H3.1/H3.2
persists in human and mouse zygotes prior to DNA
replication which could be an effect of the heterol-
ogous system used [26]. Apart from acetylation,
histone methylation signals have been observed in
elongating spermatids, such as strong H3K4
mono-, di-, and tri-methylation. These modifica-
tions in concert with acetylation might assist in
achieving a more-open chromatin configuration. It
has been seen that H3K4methylation is generally
associated with gene expression whereas H3K9
and H3K27 methylation is linked to gene silencing
and heterochromatin. Nevertheless, methylation
pattern associated with repressed chromatin are
observed in elongating spermatids which includes
H3K9 mono-, di-, and tri-methylation as well as
H3K27 di- and tri-methylation [19, 33]. However,
the timing of establishment and removal of meth-
ylation markers is critical to spermatogenesis. It
has been often observed that the methylation level
of H3K4 peaks in spermatogonial stem cells which
signals the stem cells to begin differentiation and to
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go on to become spermatocytes and is removed
during meiosis. In contrast, the methylation level of
H3K9 and H3K27 increases during meiosis, but
the removal of H3K9me at the end of meiosis is
essential to the onset of spermiogenesis [23, 34].
Expression of different histone methyltransferases
and demethylases has been observed during sper-
matid elongation. This coexistence of both types of
enzymes might be crucial to balance regions of
“opened” and “closed” chromatin. However, it has
been demonstrated in human spermatozoa that his-
tone enrichment were not randomly distributed but
were rather enriched at loci important for embryo
development which are transmitted to the oocyte
during fertilization. These loci included imprinted
gene clusters, miRNA, HOX gene clusters, devel-
opmental promoters, and signaling factors [35].
Similarly, Arpanahi et al. found that histone-bound
DNA regions of human spermatozoa were associ-
ated with regulatory regions of the genome [36].
An epigenetic marking of these retained histones
was observed showing key developmental genes
bivalently marked with H3K4me3 and H3K27me3,
as observed in embryonic stem cells. Additionally,

H3K4me2 was preferentially located at promoters
of developmental gene and H3K4me3 at HOX
regions, noncoding RNAs, and paternally imprinted
loci [35]. This radical change in chromatin configu-
ration is expected to involve mechanism that facili-
tates the eviction of nucleosomes in favor of
incorporation of transition proteins, followed by a
subsequent exchange of transition proteins for
protamines. The functional activity of each transi-
tion protein is still debatable. Some reports suggest
that TP1 decreases the melting temperature of
DNA, relaxes the DNA in nucleosomal core parti-
cles, and stimulates the DNA-relaxing activity of
topoisomerase I which indicates that TPs could
help chromatin remodeling by making the DNA
more flexible. However, others have reported that
neither TP1 nor TP2 is able to cause topological
changes in supercoiled DNA. Rather, TP1 has been
found to stimulate repair of single-strand DNA
breaks [37]. Whatever the case might be, data from
knockout mouse model suggests that TP1 and TP2
might not be required for histone removal and prot-
amine loading, yet are important for proper regula-
tion of chromatin structure. Subsequently these
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transition proteins are replaced by the protamines.
Protamines are the major class of sperm nuclear
proteins. They are of two types, namely, prot-
aminel (P1) encoded by a single-copy gene and
the family of protamine 2 (P2) proteins (P2, P3,
and P4), all encoded by a single gene that is
transcribed and translated into a precursor pro-
tein [38]. The question then arises as to how the
DNA binding proteins (such as protamines) of
the mammalian spermatozoa fit themselves into
the sperm nucleus? Balhorn proposed a model
for protamine-DNA binding that accounts for
such discrepancy in sperm volume [39]. He stated
that the protamines bind to DNA by lying length-
wise inside the minor groove. He opined that posi-
tively charged arginine-rich protamines can
completely neutralize the negatively charged phos-
phate groups of DNA and protamine-DNA com-
plex of one strand would fit into the major groove of
a neighboring DNA strand so that the DNA strands
of sperm nucleus would be packaged side by side in
a linear array. Furthermore, the sperm chromatin is
stabilized by inter- and intramolecular disulfide
bridges between protamines which enable the
whole DNA to be tightly packaged in a small vol-
ume. An additional process that occurs during chro-
matin reorganization in elongating spermatids of
mammals is the transient appearance of DNA strand
breaks [16, 37]. Presumably, the elimination of
nucleosomes during spermiogenesis leaves a great
number of unconstrained DNA supercoils in the
male germ cell that needs to be removed. This elim-
ination is performed in particular by the introduc-
tion of single- or double-strand breaks in DNA that
relieves the helical tension. Subsequently, upon
elimination of strand breaks, effective mechanisms
are employed to seal or repair the DNA backbone.

DNA Damage and Male Infertility

Mammalian spermatogenesis entails a major bio-
chemical and morphological restructuring of the
germ cell DNA into the condensed spermatid
nucleus. In association with the chromatin restruc-
turing, other well documented nuclear events
includes an increase in histone acetylation, an
increase in the activity of ubiquitin system,
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SUMOylation as well as a change in DNA topology
resulting from the elimination of the negative super-
coiling induced by the removal of DNA-bound
nucleosomes. It has been hypothesized that incom-
plete protamination could render spermatozoa DNA
more vulnerable to damage by endogenous or exog-
enous agents such as nucleases, free radicals, and
mutagens. Thus, progressive oxidation of free sulf-
hydryl or thiol (SH) groups of protamines to disul-
fides (SS) groups in the epididymis further stabilizes
the compacted sperm DNA [40]. Abnormality in
the deposition of sperm protamines during spermio-
genesis or incomplete oxidation of sperm protamine
SH groups during epididymal transit can lead to
enhanced susceptibility of sperm DNA to injury.
This results in sperm DNA fragmentation and
impaired sperm decondensation during fertilization.
Spermatozoa with fragmented DNA may initiate
apoptosis and interfere with transmission of pater-
nal genetic information to the developing embryo
[41]. Several independent investigators have dem-
onstrated the importance of DNA integrity in pre-
dicting male reproductive potential. In fact, sperm
DNA damage is an objective marker of sperm func-
tion, with a lower coefficient of variation than con-
ventional semen parameters. Besides, the several
exogenous sources of sperm DNA damage, it is
pertinent to focus on the inherent nature of sperma-
tozoa and its maturation process that may cause for
sperm DNA damage. In this regard reactive oxygen
species (ROS) which are produced by both exoge-
nous and endogenous factors warrants special men-
tion. In general, a mature spermatozoon is
accomplished with a small amount of cytoplasm
and hence with a limited supply of cytoplasmic
antioxidants. Concomitantly, the plasma membrane
of the spermatozoa is rich in unsaturated fatty acids
that maintain the fluidity of the membrane. Such
property leaves the spermatozoa particularly vul-
nerable to oxidative stress brought upon by
increased generation of ROS [42].

Role of Reactive Oxygen Species
in Sperm DNA Damage

The sperm genome is encoded with information
that needs to be accurately transmitted to the



8 Male Factors in Recurrent Pregnancy Loss

oocyte—a feature vital for the pre- and postnatal
development of the offspring. Under normal
physiological conditions, germ cells produce phys-
iological amounts of ROS that modulate gene and
protein activities required for maturation, capacita-
tion, acrosome reaction, and oocyte fusion. The
pathogenic effect of ROS occurs when an imbal-
ance between pro- and anti-oxidants is disturbed
leading to oxidative stress as onserved during
sperm maturation in epididymis or in the seminal
plasma [43]. ROS are short-lived, highly reactive,
autocatalytic, and nonspecific reactive intermedi-
ates of metabolism that oxidize lipids, amino acids,
and carbohydrates as well as are responsible for
DNA strand breaks and mutations. ROS includes
hydroxyl ion, superoxide ion, nitric oxide, peroxyl,
lipid peroxyl, and Thiyl and nonradical molecules
singlet oxygen, hydrogen peroxide, hypochloric
acid, lipid peroxides, and ozone [41]. Spermatozoa
are constantly exposed to the interphase between
oxidation through high amounts of ROS produced
by themselves as during metabolism and by leuko-
cytes present in semen; and reduction by means of
scavengers and antioxidants. Generation of ROS
involves two mechanisms which includes the nico-
tinamide adenine dinucleotide phosphate oxidase
system at the level of the sperm plasma membrane
and/or the nicotinamide adenine dinucleotide-
dependent oxido-reductase reaction at the mito-
chondrial level. Mitochondrial respiration is the
main biological source of ROS under physiological
conditions [44]. Normally, oxygen is tetravalent
reduced to water by the mitochondrial cytochrome
c oxidase while incomplete reduction leads to leak-
age of these radicals [45]. Spermatozoa are densely
populated with mitochondria since a constant sup-
ply of energy is required for their motility. The lipid
composition of plasma membrane of mammalian
spermatozoa are rich in polyunsaturated fatty acids
(PUFA), thus, render them susceptible to ROS
attack. These lipids contain unconjugated double
bonds separated by methylene groups that, weak-
ens the methyl carbon hydrogen bond making
hydrogen extremely susceptible to abstraction and
oxidative damage. When the level of ROS escapes
the antioxidant defense, they primarily attack
PUFA, to initiate chain reactions resulting in lipid
peroxidation (LPO). Superoxide (O,") is the major
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ROS generated in human spermatozoa. This
electron-deficient product of O, generates H,O, via
dismutation. These in turn undergo Fenton reaction
to form *OH that is a potent initiator of chain reac-
tion leading to LPO of membrane lipids. Therefore,
may lead to sperm dysfunction due to loss of mem-
brane fluidity [40]. Biopositive effect of ROS is
seen at low considerations and is known to act
selectively on the metabolism of prostanoids, in
gene regulation or in the regulation of cellular
growth, intracellular signaling, and in other types
of signal transduction while excessive generation
leads to cell death [44]. As described in the previ-
ous section, sperm chromatin is prone to oxidative
damage leading to base modifications and DNA
fragmentation. Damaged DNA has been observed
in testicular, epididymal, and ejaculated human
spermatozoa. Single-strand breaks are a direct
result of oxidative damage on sperm DNA, while
double-strand breaks may arise from exposure to
4-hydroxyl-2-nonenal a major product of
LPO. Two types of DNA adducts, namely,
8-hydroxy-2-deoxyguanosine and two etheno-
nucleosides (1, N6-ethenoadenosine and 1,
No6-ethenoguanosine) are found in human sper-
matozoa, both of which have been considered
key biomarkers of DNA damage caused by oxi-
dative stress [45].

Most of the DNA damages incurred to germ
cell during spermatogenesis are taken care of by
DNA repair systems. Any insult to such machin-
ery may result in production of spermatozoa with
damaged DNA which when fertilizes the ovum
may impair embryo development.

DNA Repair Systems in Spermatozoa

An intriguing feature of chromatin remodeling is
the introduction of DNA strand breaks concomi-
tant with the general progression for the removal
of nucleosomes that leaves the DNA with uncon-
strained supercoils. To reduce the torsional stress
induced by an alteration in DNA topology, there
occurs the transient appearance of DNA strand
breaks to provide the swivel effect [36, 45]. It has
been surmised that the integrity of the DNA con-
densing process plays a key role in the elimination



116

of DNA strand breaks since the breaks are tran-
sient and are no longer detected at later steps of
the spermiogenesis process where the nuclear
protein transition is completed. Due to haploid
nature of post-meiotic spermatids, DNA repair
relies mostly on nonhomologous end joining. The
basic nuclear proteins, i.e. the transition proteins
and protamines would therefore act as “alignment
factors” in nonhomologous end joining of the free
ends of the DNA [36]. With the absence of DNA
ligating activity in the DNA binding proteins it
has been proposed that in elongating spermatids,
topoisomerase Il is responsible for generating as
well as ligating DNA strand breaks that overlaps
with the appearance of histone variant H2AX
foci, a marker of DNA double-strand breaks [46].
H2AX in response to DSBs, acts by recruiting
DNA repair factors to sites of DNA damage where
it is rapidly phosphorylated resulting in formation
of H2AX foci. Also, evidence suggests that ubiq-
uitination and SUMOylation are involved in DNA
repair pathways in elongating spermatids thus
facilitating appropriate level of histone—prot-
amine exchange [47]. However, a mature sperma-
tozoon being transcriptionally and translationally
inactive, the termination of DNA repair process
occurs during its transit through the epididymis
and post-ejaculation. Ultimately, the breaks in the
DNA that may have escaped repair prior to com-
paction or damage occurring after the completion
of chromatin remodeling are delivered to the
oocyte. Oxidative stress impairs sperm DNA by
introducing adducts such as ethenonucleosides
that impair nucleotide excision repair in oocyte
[48, 49]. Oocytes and early embryos have been
shown to repair sperm DNA damage to some
extent, so the biological effect of sperm DNA
damage depends cumulatively on the magnitude
of sperm chromatin damage and the capacity of
the oocyte to repair it after fertilization.

From the above-mentioned facts, it is impor-
tant to understand that proteins involved in chro-
matin remodeling and condensation are important
for the repair of DNA in vivo. Under such cir-
cumstances, it is expected that targeted deletion
of these respective genes or any alteration in their
sequences would lead to the persistence of strand
breaks up to much later stages of spermiogenesis
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or even in a matured spermatozoa. In this context,
targeted deletion of mouse TP1 or TP2 gene have
been compensated with a marked increase in the
expression of other genes so that their function is
apparently reduced. As a consequence of these
mutations, it did not result in major sperm head
abnormalities although alterations in the conden-
sation state of the nuclei were nevertheless
observed in both cases [50].

Gene Deletion and Sperm DNA
Integrity

Y-Chromosome harbors several genes critical
for spermatogenesis and development of
gonads. Extensive research has been performed
on the association of Y-chromosome deletions
with male infertility. The Y-chromosome locus
is divided into three regions; the proximal, mid-
dle, and distal of Yq11 and is labeled as AZF-a,
b, and c after the azoospermia factor AZF.
Patients with microdeletions in the AZFa region
have been reported with congenital oligozoo-
spermia or partial spermatogenic arrest,
whereas patients with AZFb and AZFc are usu-
ally reported with azoospermia or oligozoo-
spermia [51]. However, microdeletions in the
overlapping area between the latter two regions
may present with range of sperm counts (azo-
ospermia to normal sperm count) [52].

Apoptosis

As the male germ cell development progress,
apoptosis orchestrates the production and function
of these cells from the early stages of gonadal dif-
ferentiation to the moment of fertilization. It has
been suggested that an early apoptotic pathway is
initiated in spermatogonia and spermatocytes
which express Fas. On the other hand, Sertoli cells
express Fas ligand which upon binding to Fas on
germ cells leads to death of the later. This mecha-
nism enables Sertoli cells to limit the population of
germ cells that adhere to it for support. Infact, apop-
tosis plays a significant role in the regulation of germ
cell development by removing damaged cell in the
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seminiferous tubules and thus, safeguarding the
genome integrity [42]. However, absence of
timely repair or DNA damage if tolerated, the
cells that harbor the damage are removed by the
apoptosis pathway. Sperm DNA damage and
impaired fertilization has often been correlated
with unsuccessful apoptosis in the germ cell. The
presence of apoptosis in ejaculated spermatozoa
could be the result of various types of injuries.
Testicular causes including hormonal depletion,
irradiation, toxic agents, chemicals, and heat have
been shown to induce apoptosis, while those in the
epididymis are signals released by abnormal or
defective spermatozoa or leukocytes, such as ROS
and other mediators of inflammation/infection
[53]. Irrespective of source or origin, the fertiliza-
tion capacity of apoptotic sperm has been observed
at the same rate as intact spermatozoa. However,
the in vitro embryo development to the blastocyst
stage is closely related to the integrity of the
DNA. As a result of oxidative stress, the human
ejaculate expresses various apoptotic markers that
initiate apoptosis, some of which include Fas,
phosphatidylserine (PS), Bcl-X1, and p53. This
apoptotic pathway in turn induces release of cyto-
chrome c¢ from mitochondrial membranes that
triggers caspases, such as caspases 3 and 9, and
annexin-V binding (Annexins are calcium-depen-
dent phospholipid-binding proteins, which bind to
PS). This pathway eventually leads to sperm apop-
tosis [54, 55]. It has been observed that mature
spermatozoa from infertile patients with increased
ROS levels had significantly higher levels of apop-
tosis than mature spermatozoa from the control
group [40]. More dramatically, they may pose the
risk of carrying a damaged genome into the egg,
resulting in poor embryo development, miscar-
riage, or birth defects.

Ubiquitination

In response to DNA damage, cells activate a highly
conserved signaling network, commonly referred
to as the DNA damage response (DDR), to safe-
guard genomic integrity. It is well understood that
chromatin reorganization not only facilitates the
compaction of the paternal genome into the sperm
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head but also protect the DNA from damaging
agents. The DDR consists of a set of tightly regu-
lated events, including detection of DNA damage,
accumulation of DNA repair factors at the site of
damage, and finally physical repair of the lesion.
One of the process by which DNA damage is
detected is histone ubiquitination. H2A and H2B
ubiquitination are known to be enriched at sites of
DNA damage albeit the primary function of his-
tone ubiquitination is suggested to be sex chromo-
some inactivation during meiotic prophase and
nucleosome removal at post meiotic stages [S6—
58]. RNF8 is a 485-residue nuclear polypeptide
that is known to have ubiquitin E3 ligase activity.
Upon DNA damage, RNF8 has been shown to be
rapidly recruited to sites of DNA damage via its
interaction with YH2AX. At sites of DNA dam-
age, RNF8 ubiquitinates histones—H2A and
H2B, promoting the recruitment of downstream
DNA damage response factors such as 53BPI,
BRCALI, and Rad51 [59]. However, more recently
it has been reported that H4KS8 acetylation and
H4K16 acetylation are not affected in elongating
spermatids of RNF8-deficient mice leaving this
issue unresolved [60]. Ubiquitin is one of the 200
major proteins secreted in apocrine fashion by the
epididymal epithelium which has the property of
binding covalently to other proteins, via an isopep-
tide bond between the C-terminal glycine of ubig-
uitin and the E-amino group of alysine, in substrate
proteins [61]. Upon overwhelming damage, the
DDR provokes detrimental cellular actions by
involving the apoptotic machinery and inducing a
coordinated demise of the damaged cells.
Moreover, recent observations highlighted the role
of ubiquitination in orchestrating the DDR, pro-
viding a dynamic cellular regulatory circuit help-
ing to guarantee genomic stability and cellular
homeostasis. Abnormal spermatozoa produced as
aresult of endogenous or exogenous insult become
ubiquitinated and subsequently phagocytised by
epididymal epithelial cells [62]. Despite this safety
mechanism available during the epidiymal transit
of the spermatozoa, some of the ubiquitinated
spermatozoa are believed to escape phagocytosis
and find their way into ejaculate [62, 63] and cause
defects in head and axoneme. Protein ubiquitina-
tion typically occurs in the cell cytosol or nucleus
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and it has been postulated that sperm-acrosomal
ubiquitin C-terminal hydrolases are involved in
sperm-ZP interactions and antipolyspermy
defense. In the studies of Sutovsky et al. in bovine
semen, ubiquitination have been associated with
DNA fragmentation. It is suggested that sperm
ubiquitination is associated with poor-quality
sperm parameters in men. In contradiction to the
above, studies have revealed that ubiquitination is
involved in the fertilization process, and once the
process of ubiquitin—proteasome is inhibited, the
percentage of fertilization is reduced [64]. Apart
from DDR, protein ubiquitination has also been
detected in several regions of human sperm and is
initially inversely related to semen quality [63]
while other studies have suggested that ubiquitina-
tion also plays a role in normal sperm function [63,
65-67]. During spermatogenesis, ubiquitination is
a crucial process that is responsible for the replace-
ment of the spermatid’s nuclear histones by transi-
tion proteins, followed by permanent substitution
with protamines [53]. Ubiquitination also has a
principal role in the dramatic reduction of human
sperm centrosome that occurs during spermatid
elongation. Thus, ubiquitination, principally a
death signal for proteins is involved in maintaining
the protein homeostasis in the spermatozoa, how-
ever, beyond threshold level is associated with
anomalies is sperm structure and function.

SUMOylation

One of the critical phenomena for preserving
genome integrity is the sheltering of chromo-
somal ends from unwanted DNA repair reactions
and maintenance of telomere length homeostasis.
A growing body of evidence suggests that cova-
lent protein modification (SUMOylation) by
SUMO (small ubiquitin-like modifier) to be criti-
cal in the regulation of numerous DNA transac-
tions, including DNA repair and transcription, as
well as heterochromatin formation and mainte-
nance. These SUMO proteins exist in three iso-
forms: 1, 2, and 3. Of the three isoforms, SUMO2
and 3 are 95 % identical and are often referred to
as SUMO2/3 [68-70]. Amongst the many targeted
PTMs, SUMOylation have not been identified as a
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potential target although such targets are critical
for understanding the role of SUMO in normal
and impaired sperm function. SUMO proteins
have been localized to different subcompart-
ments of mouse and human testicular cells [71—
73] while SUMOL1 is localized mostly to the
heads of human sperm [74]. A recent study by
Vigodner et al. demonstrated the localization and
identification of SUMOylated proteins in the
defective spermatozoa by immunofluorescence
and electron microscopy. They revealed that
SUMO proteins were highly expressed in the
neck area of human sperm and were also detect-
able in the flagella and head regions. High levels
of SUMOylation were detected in defective sper-
matozoa in the neck and tail region relative to
normal spermatozoa [75]. The study concluded
that numerous proteins are modified by
SUMOylation in human spermatozoa; wherein
excessive SUMOylation is a marker of defective
spermatozoa.

Sperm DNA and Recurrent
Pregnancy Loss

Past research have focused on the contributions of
the fertilizing spermatozoon to the oocyte and
have limited their observation to spermatozoon by
being a carrier or vector that transfers the DNA to
the egg. DNA in the male germ cell is tightly com-
pacted and is considered evolutionarily as a highly
conserved process. Owing, to this silent state of
the compacted nucleus, it was long thought sper-
matozoon transcripts did not play a role in embryo
development and that only maternal transcripts
were involved. It is now well established that apart
from being a mere cargo for the delivery of DNA,
spermatozoa transmit information to the next gen-
eration via the genome as well as the epigenome.
Several recent studies however suggest that this
tight packaging of the sperm chromatin conveys
important epigenetic message to the embryo. The
possible mechanism underlying this phenomenon
is the extensive cross-talk between the fertilizing
spermatozoa and the oocyte which leads to activa-
tion of the egg on one hand and sperm head decon-
densation on the other. This is extremely important
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to understand in the light of RPL, as here the prob-
lem is not the inability to impregnate or conceive
but rather the limitation in carrying the conceptus
to a live birth. The male gamete confers 50 % of
the genomic material on the embryo, and also con-
tributes to placental and embryonic development
[76]. Genetic and epigenetic alterations of sperm
may therefore have dire consequences in early
pregnancy loss. In this context, it is noteworthy to
state that while genetic inheritance is based on the
DNA code, epigenetic information comprises
modifications occurring directly on DNA or on the
chromatin. The major type of DNA modification is
methylation, whereas on the chromatin various
modifications occur on specific residues of his-
tones, including methylation, phosphorylation,
acetylation, and ubiquitination. The mammalian
genome undergoes two major phases of epigenetic
reprogramming, once in the primordial germ cells
and once in the preimplantation embryos. After the
crucial process of fertilization, protamines in
sperm chromatin are rapidly replaced with his-
tones which are hyperacetylated, while the male
pronucleus DNA undergoes demethylation in the
absence of DNA replication. Therefore, it is spec-
ulated that any alteration of chromatin structure is
an important mechanism for regulating DNA
transcription.

DNA Damage and Sperm Function

As the paternal genome is inactive transcrip-
tionally till 2 days after fertilization, a damaged
sperm DNA does not impair fertilization or
cleavage [77]. However, activation of paternal
genome with modifications at the level of the
DNA nucleotides and/or DNA strand breaks
that are beyond the oocyte repair capacity after
fertilization are not compatible with normal
embryo and fetal development. This raises the
question as to whether the retention of paternal
gene sequences having some potentially impor-
tant embryological function in a more relaxed
chromatin configuration is more susceptible to
DNA damage than the bulk, protamine-pack-
aged DNA [53]. Since, abnormal paternal
genome modifications lead to poor blastocyst
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development, unequal cleavage, implantation
failure, or early fetal loss. As mentioned earlier,
small DNA damages in spermatozoa as result of
endo-or exogenous insults are repaired by pre-
and postreplication repair mechanisms, but
large DNA damages cannot be repaired.
Decreased elimination and subsequent accumu-
lation of the DNA-damaged spermatozoa results
in poor-quality sperm. This is due largely to
inefficient apoptotic machinery and poor DNA
integrity and abnormal chromatin packaging
[78]. Sperm chromatin packaging anomalies are
closely associated with poor fertility outcomes
and higher levels of DNA damage are an accom-
panying feature of dysfunctional sperm [37].
Thus, men who are partners of couples with
recurrent pregnancy loss may have sperms with
normal morphology, whose, germ cells may har-
bor damaged DNA. This causes an alteration in
sperm quality and function, sperm-oocyte inter-
action, implantation, and early embryo develop-
ment all of which are good indicators of
successful pregnancy.

Aneuploidy

As a subpopulation, men with normal semen
parameters who are partners in a couple with RPL
or unexplained recurrent IVF failure are com-
monly overlooked [79]. Elevated levels of sperm
aneuploidies are known to be associated with
RPL. Sperm aneuploidy has been defined as the
abnormality in the number of chromosome result-
ing from defective meiosis during spermatogene-
sis. As a result, a spermatozoon that is disomic or
nullisomic for a particular chromosome will
develop. Arguably, delivery of an intact chromo-
some by the spermatozoon to the ovum is the most
important function of sperm. Fertilization with
such type of abnormal sperm cell results in mono-
somic or trisomic embryos, the majority of which
are incompatible with a viable birth. It is unfortu-
nate, that, with the available technologies we can
have a gross identification of sperm with abnormal
morphology than detecting the underlying genetic
abnormality such as aneuploidy [79]. Carrell and
his colleagues reported a significant increase in
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sperm chromosome aneuploidy, apoptosis, and
abnormal sperm morphology in some patients
with recurrent loss of pregnancy [80]. The inci-
dence of aneuploidy increases as the standard
semen parameters worsen. Even though men
within fertility exhibit high rates of sperm aneu-
ploidy genetic testing in clinics for men with infer-
tility is restricted to detection of chromosomal
abnormalitiesusingakaryotype and Y-chromosome
microdeletion analysis. It is important to realize
that sperm aneuploidy rates can be high even in
men with normal sperm morphology. Cytogenetic
analysis of sperm using fluorescence in situ
hybridization (FISH) provides a method to test for
sperm chromosomal aneuploidy and can help
evaluate potential causes of RPL or recurrent IVF
failure [79] which has been detailed below.
Recently, a study was undertaken in order to bring
about an association between sperm aneuploidies
and normal semen parameters in men who are
partners of RPL using the cytogenetic technique
FISH. The study showed that nearly was 40 % of
men with RPL and normal sperm density/motility
had abnormal sperm aneuploidy while no associa-
tion was found between sperm DNA fragmenta-
tion and sperm aneuploidy [79].

DNA Fragmentation

Recent advances in the understanding of mam-
malian sperm chromatin and function have
changed our perception of spermatozoa as a
silent carrier of paternal DNA. However, there
are several theories with relation to DNA strand
breakage and subsequent DNA fragmentation
that needs to be resolved. The question of whether
DNA strand break occurs exclusively during
spermiogenic compaction of chromatin and is not
repaired in the seminiferous tubules, or rather is a
result of aggressors acting on the male genital
tract, is still unresolved [78]. To explain the ori-
gin of sperm DNA damage, several hypotheses
have been proposed. DNA strand separation is a
physiological process that accompanies the
recombination step that occurs at the time of
protamine-ordained compaction. DNA fragmen-
tation is often a result of double or single-strand
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breaks which have been induced in the DNA
prior to, or post, ejaculation of the spermatozoa.
The causes of sperm DNA fragmentation are still
unclear, even if apoptosis, oxidative assault, and
defects in chromatin maturation are hypothe-
sized. Several studies have reported a significant
negative association between the percentage of
sperm with DNA fragmentation and fertilization
rate in the context of RPL. A recent meta-analysis
including 16 studies found a highly significant
increase in miscarriage rate in couples where the
male partner had elevated levels of sperm DNA
damage compared to those where the male part-
ner had low levels of sperm DNA damage (risk
ratio=2.16, P<0.00001) [81]. In another study
comparing fertile sperm donors with couples
who have unexplained recurrent miscarriage,
showed that 85 % of the couples affected with
recurrent miscarriage had a profile with high val-
ues of double-stranded DNA damage compared
to only 33 % among fertile sperm donors, sug-
gesting a specific paternal explanation in these
otherwise unexplained cases [82]. Several mech-
anisms have been proposed in explanation to the
genesis of sperm DNA fragmentation but none
have completely clarified the causes and site of
origin of sperm DNA fragmentation and our
knowledge is still limited to hypothesis and theo-
ries. Amongst the many proposed mechanism,
one theory states that DNA nicks, as a part of the
remodeling process of sperm chromatin are pro-
duced which are not completely repaired due to
an impairment of sperm maturation process.
Abortive apoptosis can be associated with DNA
cleavage and can also be provoked by the attack
of free radicals including ROS, acting both in tes-
tis and in post-testicular sites. The major DNA
adducts found 8-hydroxy-2-deoxyguanosine and
two ethenonucleosides (1, N6-ethenoadenosine
and 1, N6-ethenoguanosine) are found in human
sperm DNA which have been considered key bio-
markers of DNA damage caused by OS [40].
Many direct and indirect studies prove the afore-
mentioned hypothesis by stating that increased
levels of sperm DNA fragmentation show high
degree of cell immaturity, apoptosis, or oxidative
stress. Whatever the case may be, it is important
to understand that a damaged DNA does not
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inhibit fertilization or prevent the formation of a
zygote rather prohibits further development of
the embryo beyond the two-celled stage. It is
therefore, pertinent to understand other underly-
ing causes such as alterations in the epigenetic
programming of the sperm chromatin that may
have a profound effect on sperm DNA.

DNA Methylation

DNA compaction in male germ cells is a funda-
mental biologic process and a prerequisite for
transmission of the male genome to the next gen-
eration. Several studies suggest that this sperm-
specific genome packaging structure conveys an
important epigenetic message to the embryo [22].
Epigenetic programming in the spermatozoa is
unique with as erasure of epigenetic marks occurs
in primordial germ followed by its establishment
during post-meiotic maturation. Therefore, under-
standing the epigenetic processes in the male germ
cells may contribute to understanding paternal
effects on early embryonic development. DNA
methylation as one of the most studied epigenetic
markers of male germ cells refers to the addition of
a methyl group from S-adenosyl-methionine to the
fifth position of the cytosine ring (SmeC) in CpG
dinucleotides. Nearly, 3-5 % of the cytosine resi-
dues in mammalian genomic DNA appear in the
form of 5SmeC [83]. The process of methylation in
germ cells is unique and necessary for proper sper-
matogenesis and sperm production. Three structur-
ally distinct chromatin configurations may occur as
follows: histone-packaged hypomethylated DNA,
histone-packaged methylated DNA, and prot-
amine-packaged hypomethylated DNA [27, 84]. It
is observed that only four imprinted loci are meth-
ylated in the male germ line which includes Igf2/
H19, Rasgrfl, DIk1-Gtl2, and Zdbf2. A specific
family of methyltansferases (DNMTs) is also
involved in DNA methylation. DNMT1 ensures
methylation maintenance while DNMT3A, 3B,
and 3L specifically allow the methylation process
in germ cells. DNMT3A and 3B have a catalytic
activity, whereas DNMT3L lacks this catalytic
activity and acts as a cofactor to DNMT3A [85,
86]. After fertilization, the decondensation of the
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male pronucleus follows an epigenetic repro-
gramming with DNA demethylation along with
protamine-to-histone transition, and histone
modifications that contributes to genome activa-
tion in the embryo and subsequent embryonic
development. But, there still remain many facts
unclear with regard to mechanism and function
of paternal genome. Post-fertilization, histones
incorporated into the male pronucleus are highly
acetylated, however, immediately upon histone
incorporation; H3K4mel, H3K9mel, and
H3K27mel are detectable which is at a time when
DNA methylation is still present in the male pro-
nucleus. Although these findings raise the question
that whether any of these epigenetic marks in the
paternal pronucleus protect specific regions such as
the centromeres from demethylation remains
known. These suggest that the sperm genome may
be packaged and poised for two programs: first is a
reminiscent gametogenesis program (active chro-
matin marks), and second is a future embryonic
program (bivalent domains) [34]. Nevertheless, the
progressive histone modification and concomitant
demethylation in the paternal pronucleus presum-
ably leads to a chromatin state easily accessible by
the maternal genome. However, this does not
devoid the paternal genome from acquiring unique
epigenetic marks early on in development which
are important for imprinting and X chromosome
inactivation [87]. Furthermore, the dynamics of
DNA methylation and histone modifications dur-
ing epigenetic reprogramming raise several ques-
tions about additional mechanistic links. For
example, specific sequences in the male pronucleus
escape demethylation which generates special
interest. Secondly, is there sequence preference for
demethylation or are there regions in the sperm
genome that contain histones rather than prot-
amines, perhaps carrying particular modifications?
Are the stepwise histone modifications of the pater-
nal genome marks for later de novo methylation
events? In an answer to these mechanistic links, it
is possible that during reprogramming these appear
to be developmentally regulated and may depend
on the precise developmental stage, cell type, and
genomic region. This may account for develop-
mental plasticity and regulation, which is typical of
pluripotent cell types. The fact that there are so
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many open questions means that this is an area with
exciting discoveries ahead of us.

Errors in Imprinting

Implications of genomic imprinting in embryo/
fetal growth are fairly a recent event. Several
studies have evaluated the sperm DNA methyla-
tion status of the differentially methylated
regions (DMRs) of a number of imprinted genes.
Genomic imprinting refers to the monoallelic
regulation of gene expression according to the
parent of origin of the gene. It is mediated by the
establishment of sex-specific epigenetic marks
on DNA called “imprints” in the form of DNA
methylation at imprinting control regions (ICRs)
in the genomic DNA [88]. Houshdaran et al.
reported significant associations between sperm
concentration, motility, and morphology and the
methylation status of four genes: NTF3, MT1A,
PAXS, and PLAGLI1 [89]. Studies conducted by
Nanassy et al. reported abnormal sperm DNA
hypermethylation at several CpGs in CREM
associated with abnormal P1/P2 ratio which was
subsequently confirmed in a larger cohort of
patients and controls [90, 91]. Considerably, the
evaluation of sperm DNA methylation status has
been focused primarily either to a few genes or
to global methylation levels by evaluation of
repetitive elements or immunostaining of
5-methylcytosine. Hence, a clear indication of
all the spermatozoa within a population are
affected with aberrant DNA methylation is not
obtained. In order to better characterize the
involvement of sperm DNA methylation in male
infertility, an array-based using the Illumina
Infinium Human Methylation 27 Beadchip assay,
which measures genome-wide sperm DNA
methylation was done. More than 27,000 CpG
sites was assessed in the genome of men with
abnormal P1/P2 ratios and in men who have
undergone IVF/intracytoplasmic sperm injection
(ICSJ) cycles that resulted in poor embryo qual-
ity in the absence of female factors. The study
identified three individuals displaying broad
spectrum of aberrant sperm DNA methylation
profiles. As these findings were limited to small
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sample set the results may be an important signa-
ture in some infertile men. Functional studies
will be necessary to characterize the develop-
mental consequences of such epigenetic disrup-
tion [92]. Although majority of the focus has
been on the methylation status of imprinted
genes, methylation of nonimprinted genes has
been evaluated to a lesser extent. DAZL meth-
ylation seems to be normal in infertile men how-
ever differential methylation of the DAZL
promoter was observed in the sperm of OAT men
[93]. Elucidation of the exact mechanism lead-
ing to such aberrant methylation may lead to
development of appropriate therapeutic strate-
gies. Understanding the fact that epigenetic pro-
gramming is crucial for the proper functioning
of the male genome and any alteration may have
an impact on embryonic development have also
been studied in the light of RPL. Significant
reduction in the H19 ICR methylation without
significant difference in the sperm parameters
demonstrated aberrant imprinting in patients
affected with idiopathic recurrent spontaneous
miscarriage [94]. In another setting, methylation
aberrations in spermatozoa at developmentally
important imprinted regions and its role in early
embryo loss in idiopathic recurrent spontaneous
miscarriages (RSM) was ascertained by the same
group. The study confirmed that the conven-
tional notion of DLK1-GTL2, PEG1, and ZAC
(PLAGL1) promoter being essential during later
stages of gestation and suggest that the methyla-
tion of these loci may not be indispensable for
early development. The study also concluded
that these sites may not be good epigenetic mark-
ers unlike the H-19 imprinting control region for
diagnosis of idiopathic RSM [88]. Although all
the aforementioned studies support the hypothe-
sis that sperm DNA methylation patterns of
imprinted as well as nonimprinted genes are
essential for normal sperm function, fertility, and
embryo development, still there are many unan-
swered questions that need to be defined.
Amongst them the most relevant are whether
these methylation errors acquired during fetal or
early postnatal development? Are they linked to
abnormal methylation maintenance during sper-
matogenesis? Along with the causes the timing



8 Male Factors in Recurrent Pregnancy Loss

of their occurrence remains largely unknown.
Under such circumstances, it is commented that
in the absence of the guidance of global sperma-
tozoa epigenome, developmental progression is
likely to be a haphazard affair, prone to many
epigenetic errors that lead to nonviable embryos
[27]. This fact has its relevance in the light of
RPL, as mentioned earlier, that the problem here
is not to impregnate or conceive rather carrying a
conceptus to a live birth. If this assistance ren-
dered by the paternal chromatin is lost once plu-
ripotent ES cells become committed to
establishing the earliest cell lineages, then suc-
cessful totipotent reprogramming of a somatic
cell nucleus would be very difficult to achieve as
revealed through several cloning experiments
[95]. Functional studies will therefore be neces-
sary to characterize the developmental conse-
quences of such epigenetic disruption [92].

Methods to Detect Sperm DNA
Damage

The unique packaging of the sperm chromatin
has important implications for both the develop-
ment of male infertility screening tests and
understanding of sperm chromatin characteris-
tics. Over the years sperm DNA integrity tests
have gained importance and have been proposed
as a means to assess male gamete competence.
Although sperm DNA integrity assays are more
often used as a supplement to traditional semen
analysis, the point at which DNA damage occurs
during spermiogenesis, and to what degree,
remains to be elucidated [78]. Sperm DNA dam-
age has also been shown to have the lowest vari-
ability of all semen parameters and rapid
advance of molecular biology has resulted in
numerous techniques to assess DNA and chro-
matin quality [96].

Microscopic Analysis of DNA Damage
Fluorescent In Situ Hybridization (FISH)

The basis for FISH lies in the analysis of the
hybridization of chromosome-specific DNA
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probes labeled with different fluorochromes to
complementary DNA sequences on target chro-
mosomes. This is followed by the detection by
means of an optical microscope equipped with
fluorescence apparatus and filters for the dyes that
is to be used. Advantage of the technique relies on
the centromeric or locus-specific probes that can
enumerate chromosomes in interphase nuclei and
their use allows for the study of thousands of sper-
matozoa in a limited period of time [97]. It should
be noted that FISH is an indirect method of assess-
ing chromosomal anomalies as only the fluores-
cent signals, rather than chromosomes, are scored.
An important limitation to FISH analysis is its
inefficiency to obtain a complete karyotype as the
analysis only considers the chromosomes investi-
gated and does not allow for the detection of
structural chromosomal anomalies [97].

Alkaline Comet Assay

The comet assay, also known as single-cell gel
electrophoresis is a direct assessment of DNA
damage in an individual cell. The damage is quanti-
fied by measuring the displacement between the
genetic material of the nucleus “comet head” and
the resulting tail [98]. This method is a multistep
process which involves embedding of cells in aga-
rose, lysis of cell in neutral or alkaline condition,
electrophoresis of lysed cells followed by DNA
staining and microscopic image analysis. The tail
lengths are used as an index for damage as dam-
aged cells appear as a “comet” with a brightly fluo-
rescent head and tail, whose length and fluorescence
intensity depend on the number of DNA strand
breaks. The Comet assay is a rapid and sensitive
method that allows the evaluation of DNA frag-
mentation on a few sperm; thus, it can be employed
in cases of severe oligozoospermia. The tail
moment can be more precisely defined as being
equivalent to the torsional moment of the tail. The
comet is a well-standardized assay that correlates
significantly with other tests for the measurement
of DNA damage. It is simple to perform, has a low
intra-assay coefficient of variation, and a low per-
formance cost. The disadvantages of the Comet
assay are the lack of standardized protocols and the
need for software to conduct image analysis.
Moreover, the presence of residual RNA can bring
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about an overestimation of DNA damage as it cre-
ates background analysis, or can be underestimated
because of proteins which hamper the movement
of fragments during electrophoresis. Incomplete
chromatin decondensation may not allow breaks to
be revealed [99].

TUNEL Assay

Terminal deoxynucleotidyl transferase-mediated
fluorescein-dUTP nick-end labeling (TUNEL) is
also a direct measure for the assessment of sperm
DNA damage. The assay quantifies the amount of
cellular DNA breakage by incorporating fluores-
cent dNTPs at single- and double-stranded DNA
ends breaks in a reaction catalyzed by the
template-independent enzyme terminal deoxy-
nucleotidyl transferase (TdT). This aforemen-
tioned enzyme incorporates  biotinlyated
deoxyuridine to 3’-OH of DNA to create a signal,
which increases with the number of DNA breaks.
These incorporated labeled nucleotides can be
detected in spermatozoa by flow cytometry, flou-
recence microscope, or light microscope [54]. On
detection by fluorescence microscopy, spermato-
zoa with normal DNA having capped telomeres
at the 3’OH end have only background staining/
fluoresce while those with fragmented DNA
(multiple 3’OH ends) stain/fluoresce brightly.
The clinical utility of TUNEL assay lies in the
fact that it can simultaneously detect single- and
double-strand breaks unlike comet assay which
requires different protocols for studying both
types of strand breakages. But it too has many
limitations. By the use of TUNEL the degree of
damage within a cell is not quantified wherein the
data reveals DNA damage within a population.
Moreover due to lack of thresholds and lack of
nonvalidated data, the assay is still not being used
in routine clinical tests.

Flow Cytometric Chromatin
Evaluation (FCCE)

The relative degree of sperm DNA fragmenta-
tion can be revealed by flow cytometry and/or
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fluorescence microscopy depending on the
method used. However, whereas flow cytometry
has the capacity to analyze hundreds of thou-
sands of cells, fluorescence microscopy is usu-
ally limited to several hundred cells. The sperm
chromatin structure Assay (SCSA) is a flow
cytometric assay that relies on the fact that
abnormal sperm chromatin is highly susceptible
to physical induction of partial DNA denatur-
ation in situ. The SCSA method measures the
susceptibility of sperm DNA to acid denatur-
ation by measuring the metachromatic shift of
acridine orange from green (indicative of inter-
calation into double-stranded DNA) to red fluo-
rescence (indicative of association with
single-stranded DNA) [78]. The assay has the
ability to analyze many thousands of spermato-
zoa at one time. The most important parameter
of the SCSA is the DNA fragmentation index
(%DFI), which represents the population of cells
with DNA damage.

Choosing the Assay and Evaluating
Consequences

Sperm DNA is an independent measure of sperm
quality that provides better diagnostic and prog-
nostic capabilities than standard sperm parame-
ters for male fertility potential. The clinical utility
of sperm DNA testing remains controversial. A
metaanalysis was conducted which included 13
studies involving 2161 in vitro fertilization/ICSI
treatments revealed high levels of DNA damage
significantly increases the risk of pregnancy fail-
ure. But concluded that testing was not clinically
useful in discriminating couples who would con-
ceive [99]. It is worth noting that the establish-
ment of a cut-off point between normal levels in
the average fertile population and the minimal
levels of sperm DNA integrity required to achieve
pregnancy using these different assays is still
lacking. This lack in the predictive power of
sperm DNA testing as well as the diagnostic igno-
rance frustrates both the patient and physician
because without pathophysiological understand-
ing, specific treatment is unlikely. The clinician
also has a duty to inform the couple, wherever
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possible, of the reason for the male’s disability
and identify treatable disorders. Until that time, a
handful of DNA assessment assays are available
with different level of efficacy that hints at general
damage riddling the male genome. Based upon
the limited available test clinicians need to coun-
sel their patients accordingly. For couples plan-
ning their first pregnancy, test for sperm DNA
damage especially SCSA are good predictors of
negative pregnancy outcome. When high levels of
sperm DNA damage is detected in the male part-
ner, IVF or ICSI is the recommended choice as
these tests are only fair predictors of negative or
positive pregnancy outcomes [100]. A more pre-
cise, noninvasive technique is the need of the hour
that will elucidate the entire story of male genome
and indicate poorly scripted passages that will
warn the technician from inserting that sperm into
a similarly interrogated ovum.

Future Directions: Potential
of Omics Studies

It is evident from mammalian sperm chromatin
research that nonrandomly located nucleosomal
domains in spermatozoal nuclei are conserved
throughout the spermatogenic process, all support-
ing the hypothesis that the spermatozoon delivers
anovel epigenetic signature to the egg that may be
crucial for normal development. This certainly
provides insights on why this signature may be
required in early embryogenesis. It seems more
and more evident that various epigenetic altera-
tions associated with male factor deformity are
linked together. Abnormal methylation levels are
in fact associated with histone/protamine disequi-
librium as well as to RNA retention. Clearly, the
sum of these epigenetic alterations has dire conse-
quences not only on male reproductive potential
but also on the formation and development of the
embryo. As a subpopulation, men with grossly
normal semen parameters and repeated pregnancy
failure are usually not counseled on any particular
causes and are not encouraged to undergo any fur-
ther testing. If epigenetic profiles of the mature
spermatozoa are critical, then any alterations in the
epigenetic patterns can provide a logic for the
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increased risk for preterm birth or repeated miscar-
riage. Histone retention and DNA demethylation
contribute to a poised state that ensures transcrip-
tional competence and activation of developmen-
tal regulators in the early embryo. Albeit, this
continuous process of epigenetic reprogramming
enables the spermatozoa to be susceptible to sev-
eral impediments, ramifications of the altered
chromatin states in the germ-line are not entirely
known. It is therefore, hoped that no sooner with
the advancement of technology a noninvasive
technique will be developed that has the ability to
read the genetic book contained within the single
male gamete. Future studies are needed to estab-
lish the cause and effect of paternally retained
modified nucleosomes in the early embryo, and
their potential effects if abnormally retained. In
light of this, proteomics is considered as one of the
burgeoning field of research in reproductive medi-
cine in the postgenomic era. It is a natural conse-
quence of the huge advances in genome sequencing,
bioinformatics and the development of robust, sen-
sitive, reliable, and reproducible analytical tech-
niques. Documenting specific changes in the
spermatozoa proteins may aid in the better under-
standing of the functional changes associated with
men who are partners in couples affected with
RPL. Furthermore, the candidate proteins of inter-
est may be utilized as potential markers and help in
understanding the cause of implantation failure
with no female factor abnormality. Mature sperm
are almost transcriptionally and translationally
silent, thus posttranslational modifications are crit-
ical for the functionality of the spermatozoa during
its epididymal transit and post-ejaculation. A vari-
ety of PTMs are observed in spermatozoa that are
remnants of testicular spermatogenesis. Recent
identifications suggest that histones, a core group
proteins present in the sperm chromatin can
undergo 67 novel modifications [101]. This indi-
cates that we have just scratched the surface in try-
ing to wunravel the histone code, and in
understanding how histone modifications could
regulate the histone-to-protamine transition.
Proteomics can help recognize these modifications
and facilitate to understand the downstream events
with altered chromatin structure. The most-studied
histone modifications include acetylation,
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methylation, phosphorylation, ubiquitination,
and SUMOylation. Proteomics forms a basis
for the identification of protein substrates and
the site for PTMs fundamental to the biochemi-
cal dissection of PTM pathways. Studies on dif-
ferentially expressed proteins between fertile
and men affected with recurrent pregnancy may
demonstrate several modifications in candidate
genes as well as identify biomarkers that can, in
turn, help clinicians determine certain peptides or
metabolites that may be linked to male factor
deformity. Furthermore, the alteration of
chromatin-associated proteins such as the prot-
amines contributes to decreased fertility and poor
embryonic growth. Most of the techniques used to
detect sperm chromatin defects only detect gross
defects in DNA integrity, while the roles of the
associated proteins remain a mystery. Therefore, it
is suggested that the use of such noninvasive tech-
nique will not only allow for a better understanding
of posttranslational modifications and offer an
opportunity to identify proteins that are differen-
tially expressed in the spermatozoa that may lead to
early embryo loss. Minimun set of test with maxi-
mum functional coverage is the need of the hour in
order to establish a practical and cost effective ser-
vice. Such endeavors are long overdue.
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Background

Recently, society has become more aware of and
concerned about lifestyle and environmental tox-
ins. This is also true for RPL couples who are con-
cerned that toxins within the environment may
have contributed to their reproductive difficulty.
This chapter discusses the association between
lifestyle and RPL including obesity, air pollution,
cigarette smoking and caffeine and alcohol con-
sumption. Except for obesity, all studies discuss
mainly the association between lifestyle and
spontaneous miscarriage. Nevertheless, this
information is relevant, and an extrapolation for
RPL should be made until there will be further
studies. Hence, as a consequence, we should rec-
ommend change in lifestyle for prevention of
another miscarriage.
In order to understand the impact of these on
RPL, it is mandatory to understand some
definitions:
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Developmental toxicology is a basic term
defined as the study of adverse effects on the
developing organism occurring anytime during
the life span of the organism that may result from
exposure to chemical or physical agents before
conception (either parent), during prenatal devel-
opment, or postnatal until the time of puberty.

Teratology is defined as the study of defects
induced during development between conception
and birth. Six principles of teratology were intro-
duced by Jim Wilson in 1959 in his monograph
Environment and Birth Defects and are still
applied today. Wilson’s general principles of ter-
atology: [1, 2]

1. Susceptibility to teratogenesis depends on the
genotype of the conceptus and the manner in
which this interacts with adverse environmen-
tal factors.

2. Susceptibility to teratogenesis varies with the
developmental stage at the time of exposure to
an adverse influence.

3. Teratogenic agents act in specific ways (mech-
anisms) on developing cells and tissues to ini-
tiate sequences of abnormal developmental
events (pathogenesis).

4. The access of adverse influences to develop-
ing tissues depends on the nature of the influ-
ence (agent).

5. The four manifestations of deviant develop-
ment are death, malformation, growth retarda-
tion, and functional defect.
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6. Manifestations of deviant development
increase in frequency and degree as dosage
increases, from no effect to lethal level.

The criteria or principles by which an environ-
mental factor is considered to be a human terato-
gen are: [3-5]

1. Anincrease in the frequency of the phenotypic
effect in the exposed group should be seen
above its frequency in the general population.

2. An animal model should exist such that when

the same route of exposure is applied, it dupli-
cates the effect observed in humans (i.e. there
should be a plausible biologic explanation for
the mechanism of action of the teratogen).

. A dose-response relationship should be observed.

4. A genetically more susceptible group of
exposed individuals should exist (i.e. genetic
variability will determine the differences in
placental transport, absorption, metabolism,
and distribution of an agent accounting for the
variation in teratogenic effect observed
between species and individuals).

5. A threshold effect should be observed, implying
that there is a level of exposure or dose below
which the incidence of a phenotypic effect is not
statistically greater than that of controls.

6. The teratogenic insult is stage sensitive,
meaning that the effect varies depending on
the stage of embryonic development at which
the exposure occurs.

W

The effect of each teratogen depends on the
period of exposure:

(a) Fertilisation—Early implantation (days 0-15
post-fertilisation), the effect of an insult is
often all-or-nothing. Implantation failure or
spontaneous miscarriage when teratogenic
exposure occurs during the first 15 days of
development or, if just some few cells would
be affected, the embryo would able to effec-
tively repair itself.

(b) Organogenesis (day 18 through day 60), ana-
tomical malformations may be induced.

(c) Fetal development during the second and
third trimesters of pregnancy, exposures may

N. Steiner and A. Bashiri

lead to growth restriction, stillbirth, or
impaired cognitive development.

In addition, Karnofsky’s law is also important
and relevant, and says that any substance “admin-
istered at the proper dosage, at the proper stage of
development to embryos of the proper species
will be effective in causing disturbances in
embryonic development” [6].

Finally, the United States Food and Drug
Administration (FDA) lists five categories of
labelling for drug use in pregnancy:

(a) Controlled studies in women fail to demonstrate
arisk to the fetus in the first trimester, and the
possibility of fetal harm appears remote;

(b) Animal studies do not indicate a risk to the
fetus; there are no controlled human studies
or animal studies that show an adverse effect
on the fetus, but well-controlled studies in
pregnant women have failed to demonstrate a
risk to the fetus;

(c) Studies show the drug to have animal terato-
genic or embryocidal effects, but no con-
trolled studies are available in women, or no
studies are available in either animals or
women;

(d) Positive evidence of human fetal risk exists,
but benefits in certain situations (e.g. life-
threatening situations or serious diseases for
which safer drugs cannot be used or are inef-
fective) may make use of the drug acceptable
despite its risks;

(e) Studies in animals or humans have demon-
strated fetal abnormalities, or evidence dem-
onstrates fetal risk based on human
experience, or both, and the risk clearly out-
weighs any possible benefit [7].

Obesity

Obesity has become a major health problem
worldwide. The World Health Organization
defined normal weight as BMI of 18.5-24.9 kg/
m?, overweight as BMI of 25-29.9 kg/m?, and
obesity as a BMI over 30 kg/m?. Obesity was fur-
ther divided into three classes: BMI 30.0-34.9 kg/



9 Lifestyle and RPL

m? (class I), BMI 35.0-39.9 kg/m? (class 2), and
BMI 40 kg/m? and over (class 3 or morbid obe-
sity). Obesity in pregnancy is defined as a BMI of
30 kg/m? or more at the first antenatal consulta-
tion [8, 9].

Many studies were published in recent years
discussing the association of obesity with adverse
pregnancy outcomes. In 2015, a systematic review
of reviews was conducted to compare pregnant
women of healthy weight with women with obe-
sity, and measure a health outcome for mother and/
or baby. Narrative analysis of the 22 reviews shows
gestational diabetes, pre-eclampsia, gestational
hypertension, depression, instrumental and caesar-
ean birth, and surgical site infection to be more
likely to occur in pregnant women with obesity
compared with women with a healthy weight.
Maternal obesity is also linked to greater risk of
preterm birth, large-for-gestational-age babies,
fetal defects, congenital anomalies, and perinatal
death [10].

Studies that were published during the last
decade demonstrate clear association between obe-
sity and RPL. A case—control study that included a
total of 1644 obese (BMI >30 kg/m?) women and
3288 age-matched normal weight controls (BMI
19-24.9 kg/m?) found that the risks of early miscar-
riage and recurrent early miscarriages (three or
more miscarriages between 6 and 12 weeks) were
significantly higher among the obese patients (OR
1.2 and 3.5, 95 % CI 1.01-1.46 and 1.03-12.01,
respectively; p=0.04, for both) [11].

Metwally et al. conducted a prospective study
of a total of 844 pregnancies from 491 patients
with recurrent miscarriage to investigate the
effect of overweight and obesity on the risk of
miscarriage in the subsequent pregnancy in
women with recurrent miscarriage. Obese
patients had a significantly higher odds of mis-
carriage (OR 1.71; 95 % CI 1.05-2.8); however,
no significant association was found between
overweight women and RPL (OR 1.02; 95 % CI
0.72-1.45). They concluded that in women with
recurrent miscarriage, a mild increase in the body
mass index does not increase the risk of miscar-
riage, whereas obese patients have a small but
significant increased risk of miscarriage in the
subsequent pregnancy [12].
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In 2012 a systematic review of published stud-
ies was performed. Data were compared for
obese (BMI >28 or 30 kg/m?), overweight (BMI
25-29 kg/m?), and normal-weight (BMI <25 kg/
m?) women, with pooled odds ratios (ORs). Six
studies met the criteria for a cohort of 28,538
women. Pooled analysis revealed a higher mis-
carriage rate of 13.6 % in 3800 obese versus
10.7 % in 17,146 normal-BMI women (OR 1.31;
95 % CI 1.18-1.46). Although the cohort was
small, there was a higher prevalence of recurrent
early miscarriage in obese versus normal-BMI
women (0.4 % versus 0.1 %; OR 3.51; 95 % CI
1.03-12.01). In women with recurrent miscar-
riage, there was a higher miscarriage rate in the
obese versus nonobese women (46 % versus
43 %; OR 1.71) [13].

Lo et al. determined the relationship between
maternal BMI and future outcome of pregnancy
in 696 couples with unexplained recurrent mis-
carriage. Logistic regression demonstrated that
maternal obesity (BMI>30 kg/m?) significantly
increased the risk of miscarriage (OR 1.73; 95 %
CI 1.06-2.83). No difference in the miscarriage
rate was found among those who were over-
weight (OR 1.27, 95 % CI 0.89-1.83) [14].
Sugiura-Ogasawara summarised those four stud-
ies in recent review on RPL and obesity, pub-
lished at 2015 (See Table 9.1) [15].

In an observational cohort study using pro-
spectively collected data, Boots et al. determined
whether the frequency of euploid miscarriage is
increased in obese women with recurrent early
pregnancy loss. Conventional cytogenetic analy-
sis and, when indicated, microsatellite analysis
and/or comparative genomic hybridisation, was
performed in aborted conceptuses of a total of
372 women with recurrent early pregnancy loss
(defined as >2 pregnancy losses <10 weeks), and
at least one ultrasound-documented miscarriage
with chromosome results. Of the 117 subsequent
miscarriages with chromosome results, the fre-
quency of a euploid miscarriage among obese
(BMI >30 kg/m?) women was 58 % compared
with 37 % of nonobese (BMI <30 kg/m?) women
(relative risk=1.63; 95 % CI 1.08-2.47) [16].

Several mechanisms were reported in the lit-
erature with regard to the effect of obesity on
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Table 9.1 Studies concerning the association between obesity and recurrent pregnancy loss
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Definition
Study design | No. of patients Definition of obese | of RM Or (95 % CI)
Lashenetal. |Case—control | 1644 obese Obese BMI >30 kg/ |Early (6-12 | Early miscarriage: 1.2
[11] study women: 3288 m? normal BMI weeks) three | (1.01-1.46) early RM:
age-matched with | 19-24.9 kg/m? or more 3.5(1.03-12.0)
normal BMI
Metwally Prospective 844 subsequent Obese: 1.71 (1.05-2.8)
etal. [12] cohort pregnancies in 491 Underweight: 3.98
patients with RM (1.06-14.92)
Loetal. [14] | Prospective First subsequent Obese BMI >30 kg/ | Three or Obese: 1.73
cohort pregnancy in 696 m? more (1.06-2.83)
patients with Overweight BMI Asian: 2.87
unexplained RM 25.0-29.99 kg/m? (1.52-5.39)
Normal BMI Age: 1.99 (1.45-2.73)
18.5-24.99 kg/m? No. of previous
Underweight BMI miscarriages: 2.08
<18.5 kg/m? (1.42-3.06)
Boots et al. Prospective 117 Aborted Obese BMI >30 kg/ | Two or more | Relative risk of euploid
[15] cohort conceptuses of m? nonobese BMI RPL <10 rate 1.63 (1.08-2.47)
subsequent <30 kg/m? weeks
miscarriage

RM recurrent miscarriage [adapted from Sugiura-Ogasawara M. Recurrent pregnancy loss and obesity. Best Pract Res

Clin Obstet Gynaecol. 2015;29(4):489-97. With permission from Elsevier]

miscarriages. One of them is an adverse impact on
endometrial development or a detrimental effect
on ovaries, affecting oocyte quality and hence
embryo viability or combination of both. Another
potential mechanism is an increased production
of inflammatory and prothrombotic agents pro-
duced by adipose tissue or released from endothe-
lium secondary tostimulation by adipocyte-derived
factors. It has been suggested that plasminogen
activator inhibitor type 1 (PAI-1) is associated
with increased rates of miscarriage in association
with maternal obesity [17].

Clark et al. reported that weight loss among
women with elevated BMI is associated with
decreased pregnancy loss rate in anovulatory
obese women [18]. The potential effect of weight
loss on the RPL should be assessed in future
studies.

Air Pollution

Air pollution, one of the most prevalent environ-
mental hazards, which affects up to 100 % of the
population living in urban areas, has gained con-
siderable interest because of the multiple adverse

effects reported on human health [19]. It is a
known risk factor for cardiovascular [20-22] and
respiratory disease [23-25], and the International
Agency for Research on Cancer (IARC), the divi-
sion of the World Health Organization (WHO) that
coordinates cancer research, has classified outdoor
air pollution as carcinogenic to humans [26].

The associations between air pollution and
adverse reproductive outcomes have also been
described, including a restricted fetal growth
leading to low birth weight newborns small for
gestational age, and preterm birth [27-31].

Air pollutants that have mainly been stud-
ied in relation to adverse birth outcomes are
particulate matter with aerodynamic diameter
of less than 2.5 pym (PM 2.5), NO,, CO, SO,,
PAHs (polycyclic aromatic hydrocarbons),
and ozone (O3).

The associations between air pollution and
miscarriages also have been described by several
authors. Faiz et al. examined the risk of fetal loss
associated with ambient air pollution during
pregnancy. Using live birth and fetal death data,
the authors assigned daily concentrations of air
pollution to each birth or fetal death. The relative
odds of fetal loss in the first trimester were
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significantly increased with each 10-ppb increase
in mean nitrogen dioxide concentration
(OR=1.16, 95 % CI 1.03-1.31) and each 3-ppb
increase in mean sulphur dioxide concentration
(OR=1.13,95 % CI 1.01-1.28) [32].

Mohorovic et al. conducted a retrospective
epidemiological study to evaluate the role of
environmental ~ factors in  miscarriages.
Methaemoglobin in the bloodstream was used as
the biomarker. The frequencies of miscarriages
were significantly lower in the control than in the
exposure period (p<0.05) [33].

In a cohort study, living within 50 m of a road
with maximum annual average daily traffic was
significantly associated with spontaneous mis-
carriage among African Americans (OR=3.11;
95 % CI 1.26-7.66) and non-smokers (OR=1.47;
95 % CI 1.07-2.04) [34].

With regard to studies conducted in women
undergoing IVF/ET, a significant increase in mis-
carriage rate among women in the quartile with
higher exposure to PM10 (OR 5.05, 95 % CI
1.04-24.51) was observed by Perin et al. [35].

In a recent retrospective case—control study,
959 fetal losses and 959 normal intrauterine
pregnancies (controls) were selected. The asso-
ciation between ambient air pollutants and fetal
loss was examined. Logistic regression sug-
gested that fetal loss within 14 weeks was asso-
ciated with higher exposure to SO, (OR =19.76,
95 % C12.34-166.71) in the first month of preg-
nancy [36].

Several mechanisms were reported in the lit-
erature with regard to the effect of air pollutants
on pregnancy outcomes including miscarriages.

1. Reduction of oxygen-carrying capacity of
maternal  haemoglobin,  which  could
adversely affect oxygen delivery to fetal cir-
culation. This is represented, for example, by
CO. CO crosses the placental barrier and dis-
turbs oxygen delivery to the fetal tissues
(because fetal haemoglobin has greater affin-
ity for binding CO than does adult haemo-
globin) [37-41].

2. Oxidative stress. Kannan et al. have, however,
suggested that PM exposure may cause oxida-
tive stress, induce pulmonary and placental
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inflammation, alter blood coagulation factors,
influence endothelial functions, and trigger
haemodynamic responses that restrict fetal
growth through impaired transplacental oxy-
gen and nutrient exchange [42].

3. Impaired trophoblast proliferation. Dejmek
et al. indicated that PAHs may directly affect
early trophoblast proliferation. This is due to
their reaction with placental growth factor
receptors, thereby hampering feto-placental
exchange of oxygen and nutrients, and conse-
quently impairing fetal growth [43].

4. DNA damage. Others have also hypothesised
that PAHs and/or their metabolites may bind
to the aryl hydrocarbon receptor, resulting in
anti-estrogenic effects thereby disrupting the
endocrine system and interfering with uterine
growth during pregnancy [44, 45]. Fetal toxic-
ity from DNA damage and resulting activation
of apoptotic pathways have also been pro-
posed [46].

Caffeine

Animal data on the toxicity of caffeine have dem-
onstrated teratogenicity from caffeine only at
very high doses. The teratogenic effect of caf-
feine has been clearly demonstrated, for example
in rodents. Consumption of caffeine by oral-
gastric intubation or intraperitoneal injection
with doses ranging from 6 to 250 mg/kg indicate
that at a dose of 250 mg/kg, 50 % of the mothers
die, and at 200 mg/kg survivors frequently
develop seizures within minutes of dosing.
Evidence of teratogenesis was seen when dosing
rose above 75-80 mg/kg. This dose also resulted
in a doubling of the number of fetal deaths. The
incidence of congenital malformations was not
significantly different from that in controls until a
dose of 125 mg/kg was exceeded [47].

Caffeine can cross the placental and blood
brain barriers and the human fetus may not have
developed enzymes for detoxification of caffeine
via demethylation [48]. It has been hypothesised
that caffeine inhibits cyclic nucleotide phospho-
diesterases with a consequent increase in cellular
cyclic adenosine monophosphate (cAMP), [49]
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and the rise in cAMP may interfere with fetal cell
growth and development [50].

Several studies have shown the association
between caffeine exposure and miscarriage. In
1998, a meta-analysis of 12 studies, which
compared a caffeine-exposed group (>150 mg/d)
and controls (0—150 mg/d), concluded that the
Mantel-Haenszel odds ratio (95 % CI) for spon-
taneous miscarriage in 42,988 pregnancies was
1.36 (1.29-1.45) [51].

In 2003, A case—control study of 474 women
indicated that high caffeine consumption during
pregnancy (>300 mg/day), in particular coffee
consumption, is an independent risk factor for
increased risk of miscarriage. Adjusted odds
ratios were 1.94 [95 % CI 1.04-3.63] for 301-
500 mg/day and 2.18 [95 % CI 1.08-4.40] for
>500 mg/day [52].

In a prospective cohort study involving 3135
women, the relative risk for spontaneous miscar-
riage for women consuming over 150 mg of caf-
feine daily was 1.73 (p=.03) [53]. In a
case—control study, Kline et al. [54] karyotyped
900 pregnancy losses prior to 28 weeks of gesta-
tion and employed 1423 controls. In women who
consumed more than 225 mg of caffeine daily
during pregnancy, the adjusted odds ratio for
chromosomally normal losses versus controls
was 1.9 (1.3-2.6), which was statistically
significant.

A case—control study of 331 women with
spontaneous miscarriage showed that caffeine
intake before and during pregnancy was associ-
ated with an increased risk of fetal loss. After
controlling for confounding factors, there was a
strong association of caffeine intake during
pregnancy and fetal loss, compatible with a lin-
ear trend on the logistic scale in which ORs
increased by a factor of 1.22 (1.10-1.34) for
each 100 mg of caffeine ingested daily during
pregnancy. Consumption of less than 162 mg/
day were not associated with an increased risk
of fetal loss [55].

Another case—control study of 330 women
with spontaneous miscarriages found that con-
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sumption of 375 mg or more caffeine per day
during pregnancy may increase the risk of spon-
taneous miscarriage OR 2.21 (1.53-3.18) [56].

In a recent prospective cohort study that
included 5132 women planning pregnancy,
women reported their daily caffeine and caffein-
ated beverage consumption on questionnaires
before conception and during early pregnancy;
732 women (14.3 %) had spontaneous miscar-
riages. In the preconception period, caffeine con-
sumption was not materially associated with
spontaneous miscarriage risk (Hazard Ratio com-
paring >300 with <100 mg/day: 1.09; 95 % CI
0.89-1.33). In early pregnancy, the Hazard Ratios
for 100-199, 200-299, and >300 mg/day of caf-
feine consumption were 1.62 (95 % CI 1.19-
2.22), 1.48 (95 % CI 1.03-2.13), and 1.23 (95 %
CI 0.61-2.46), respectively, compared with
<100 mg/day. They concluded that preconcep-
tion caffeine consumption was not materially
associated with an increased risk of spontaneous
miscarriage, but consumption during early preg-
nancy was associated with a small increased risk,
although the relation was not linear [57].

It is important to emphasise that in regard to
caffeine consumption there may be several con-
founders that may be relevant: In a cohort study,
an increased mean daily caffeine intake in women
with spontaneous abortions was reported. But,
heavier caffeine consumers were also signifi-
cantly older and more likely to smoke cigarettes,
which could have confounded the results of this
study [58]. Successful pregnancies may also be
more often associated with food aversion, nau-
sea, and vomiting than pregnancies destined to
result in miscarriage, and because coffee is one of
the foods most commonly found unappealing
under these circumstances, women with success-
ful pregnancies may therefore decrease their cof-
fee intake, whereas women destined to early
pregnancy loss may not [59]. Therefore, even
though several studies have reported an associa-
tion between higher caffeine intake and sponta-
neous miscarriage, the relationship may not
necessarily be causal.
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Cigarette Smoking

Maternal cigarette smoking is a well-known
cause associated with adverse reproductive out-
comes including increases incidence of abruptio
placentae, placenta previa, bleeding during preg-
nancy, premature rupture of membranes, and
reduced fertility [60]. Exposed infants are more
likely to be of low birth weight (<2500 g) and
have twice the risk of infant mortality from all
causes, specifically from sudden infant death
syndrome [61].

Cigarette smoking contains plenty of toxic
components. Nicotine, the main addictive com-
pound, is a strong vasoconstrictor that reduces
uterine and placental blood flow. Other toxic com-
ponents include carbon monoxide, which binds to
haemoglobin and decreases the availability of
oxygen to the fetus and cyanide, which depletes
vitamin B 12, a necessary cofactor for fetal growth
and development [62]. Cigarette smoking is mea-
sured in the studies by self-reports or by urine
analysis (urine cotinine concentrations).

Several studies have shown the association
between cigarette smoking and miscarriage, but
not all of them. In 1996, in a systematic review of
the literature, including seven studies evaluating
spontaneous miscarriage, suggested a small
increased risk among female smokers (OR 0.83—
1.8). The dose-response effect was consistent
[63]. A retrospective study of 12,914 pregnancies
found a significant increase in risk for spontane-
ous miscarriage with maternal cigarette smoking.
The risk of spontaneous miscarriage for smokers
was as much as 1.7 times that of the nonsmoker
group [64].

Harlap et al. in a prospective study of 32,019
women, found after adjustment for alcohol use,
that the only subgroup in which smoking had a
significant adverse effect was in those women
smoking more than two packs of cigarettes per
day. In this group, the odds ratio for second-
trimester pregnancy loss was 2.02 (95 % CI 1.01-
4.01) [65].

In another prospective study of 970 women,
the presence of cotinine in urine was indepen-
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dently associated with an increased risk of
spontaneous miscarriage (OR 1.8; 95 % CI 1.3—
2.6) [66].

Armstrong et al. analysed data of occupa-
tional factors and pregnancy outcome from
47,146 women, to examine the effects of ciga-
rette smoking on pregnancy outcome. Clear and
statistically significant associations were found
between cigarettes and spontaneous miscarriage.
If the associations were causal, 11 % of the
spontaneous miscarriages could be attributed to
smoking [67].

On the other hand, Wisborg et al. in a prospec-
tive study found no association between smoking
and first- and second-trimester miscarriages.
Adjustment for alcohol, coffee, maternal age,
marital status, occupation, education, prepreg-
nancy body mass index, and parity did not change
the result substantially [68].

What about environmental tobacco smoke and
passive smoking? The chemical exposure from
passive smoking is qualitatively similar but
quantitatively different from that of the smoker.
The undiluted sidestream smoke contains many
harmful chemicals in greater amounts than the
inhaled cigarette smoke. For example, the
amount of nicotine in the undiluted sidestream is
seven times more [69]. But when it is diluted, the
concentration in the air is low. In meta-analyses,
the scientific evidence on the effects of precon-
ception and prenatal exposure to environmental
tobacco smoke on reproductive health has been
described. The associations noted between pas-
sive exposure and spontaneous miscarriage are of
similar magnitude as the associations found
between spontaneous miscarriage and active
smoking, although the effect of passive exposure
might be expected to be much lower than that of
active smoking [70].

In summary, the data evaluating smoking and
miscarriage suggest an increased risk for early
pregnancy loss that is dose dependent. The evi-
dence on the effects of environmental tobacco
smoke on spontaneous miscarriage is weak but a
potential relationship between exposure and
spontaneous miscarriage cannot be excluded.
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Alcohol

Maternal alcohol consumption is known to be
teratogenic and associated with fetal alcohol syn-
drome. Fetal alcohol syndrome includes growth
restriction, a pattern of craniofacial anomalies,
neurological effects, and behavioural effects
[71]. In 1983, Kaufman described that ethanol
consumption at the time of conception may be
the cause of certain types of chromosomal defects
commonly observed in human spontaneous mis-
carriages [72]. Animal data on the toxicity of
ethanol have demonstrated the risk for pregnancy
failure. Animals were given a 1.8 g/kg dose of
ethanol once per week for the first 3, 6, or 24
weeks (full gestation) of pregnancy. Peak plasma
ethanol levels ranged from 175 to 250 mg/dl.
Weekly maternal exposure to this intoxicating
dose of ethanol, starting early in pregnancy, did
not influence risk of pregnancy failure during the
first 30 days of gestation but appeared to be asso-
ciated with an increased risk of miscarriage
occurring between gestational days 30 and 160
[73]. Studies on the association between alcohol
consumption and miscarriage have yielded
inconsistent results:

Harlap et al. in a prospective study of 32,019
women, found that the adjusted relative risks of
second-trimester losses (15-27 weeks) were 1.03
(not significant) for women taking less than 1
drinks daily, 1.98 (p<0.01) for women taking
1-2 drinks daily, and 3.53 (p<0.01) for women
taking more than 3 drinks daily, compared with
non-drinkers. The increased risk of second-
trimester miscarriage in drinkers was not
explained by age, parity, race, marital status,
smoking, or the number of previous spontaneous
miscarriages or induced abortions [65].

In a large case—control study of spontaneous
miscarriages (626 cases, 1,300 controls), the
odds ratio for alcohol consumption of seven or
more drinks per week was 1.9 (95 % CI 1.1-3.4)
when adjusted for maternal smoking, passive
smoking, and maternal age [74].

Armstrong et al. analysed data of occupational
factors and pregnancy outcome from 47,146
women to examine the effects of alcohol on preg-
nancy outcome. Clear and statistically significant
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associations were found between alcohol con-
sumption and spontaneous miscarriage (odds
ratios increased on average by a factor of 1.26
(1.19-1.33) for each drink per day). If the asso-
ciations were causal, 5 % of the spontaneous mis-
carriages could be attributed to alcohol
consumption [67].

Another case—control study of 330 women with
spontaneous miscarriages found that consumption
of 5 or more units of alcohol per week during preg-
nancy may increase the risk of spontaneous mis-
carriage (OR 4.84, 95 % CI 2.87-8.16) [56].

In a cohort study, women consuming >5
drinks/week are at increased risk of first trimester
spontaneous miscarriage. No association was
found between alcohol intake and spontaneous
miscarriage during the second trimester [75].

Very few studies described no association
between alcohol consumption and pregnancy
loss. Halmesmaki et al. found that moderate
maternal or paternal alcohol consumption does
not increase the risk of miscarriage. There were
no significant differences between the incidence
of alcohol consumption in the miscarriage (13 %)
and the control (11 %) groups [76]. In a case—
control study, the relation between alcohol con-
sumption and the risk of recurrent miscarriage
was analysed. Cases were 94 women who had
two or more “unexplained” miscarriages (after
exclusion of genetic, endocrine, and Miillerian
factors). Controls were 176 women admitted for
normal delivery without previous miscarriages.
Compared with non-drinkers the risk of recurrent
miscarriage was 0.9 for regular drinkers [77].

Alcohol consumers may be older, more often
smokers, and caffeine consumers, which could
have confounded the results of some studies.
Alcohol consumption is also known to be under-
reported in questionnaires.
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Introduction

Recurrent pregnancy loss (RPL) and infertility
are two entities sharing a patient’s common
unfulfilled desire to conceive and successfully
deliver a baby. RPL is most commonly defined as
two or more failed clinical pregnancies as docu-
mented by either ultrasonography or approved in
a histopathologic examination [1]. Infertility is
defined as “failure to achieve a successful preg-
nancy after 12 months or more of appropriate,
timed unprotected intercourse or therapeutic
donor insemination” [1].

Recently the definition of RPL has been
significantly  modified and reevaluated.
Traditionally, RPL was defined by the European
Society of human and the Royal College of
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Obstetricians and Gynecologists (RCOG) as
three consecutive pregnancy losses at less than
20 weeks of gestation [2, 3]. Despite that strict
definition for RPL, many caregivers initiated
clinical investigation after the second pregnancy
loss because an investigation after a third loss
occurred, added little clinical insight little clini-
cal insight [4]. Thus, in 2008, the American
Society of Reproductive Medicine (ASRM) pub-
lished the previously mentioned updated defini-
tion of RPL [5]. Despite the revised definition,
the ASRM still recommends to carefully assess
the necessity of any specific evaluation after two
losses, but a thorough evaluation of RPL is rec-
ommended only after three pregnancy losses [1].

Adhering to the criteria and definitions men-
tioned above, RPL and infertility are treated as
different entities, despite the fact that both are
defined as diseases by the ASRM. However,
there is an undefined border that brings those
entities closer: the pre-clinically documented
pregnancy, also known as biochemical pregnancy
or a non-visualized pregnancy. This is a type of
pregnancy in which a positive pregnancy test
confirms the occurrence of fertilization but nei-
ther an intrauterine nor an ectopic pregnancy is
visualized before a decline in HCG levels are
documented indicating the termination of the
pregnancy [6-9]. In these pregnancies, although
fertilization occurs, complete implantation does
not. Thus, these pregnancy losses are considered
significant when the prognosis of future pregnan-
cies is evaluated [7-9].
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The apparent artificial disparity between RPL
and infertility makes it difficult to appropriately
interpret and manage cases involving both enti-
ties. For example, if fertilization occurs, patients
do not meet the criteria of infertility, but at the
same time, if no clinical pregnancy is docu-
mented, patients do not fit the RPL criteria. These
cases of early terminated pregnancies bolstered a
broader line of thought by challenging the com-
monly accepted division between populations
with RPL and infertility. Therefore, this chapter
aims to address this disparity by reviewing the
common etiologies and recommended workup.
Further inquiry into this topic will still be required
in order to establish a practice which will enable
evaluation and treatment of both RPL and infer-
tility under the same multidisciplinary clinic.

The Etiologic Linkage Between RPL
and Infertility

Uterine Factors

The uterus and the endometrium play a major
role in implantation, which is highly important
for successful pregnancy. Uterine anomaly may
cause implantation failure either via a mechani-
cal obstacle or through impaired endometrial
receptivity (Table 10.1).

Congenital Uterine Anomalies

Congenital uterine anomalies, also known as
Mullerian anomalies are the result of an incom-
plete fusion of the mesonephric ducts [10]. The
prevalence of the Mullerian anomaly is debatable
as a result of the imprecision of the commonly
used diagnostic methods and the lack of widely
accepted standard classification. Moreover, since
many of the Mullerian anomaly cases are asymp-
tomatic [11], the true prevalence of the anomaly
in the general population is difficult to determine
[12]. The commonly cited prevalence of uterine
anomalies observed in the fertile population is
3.2 % [11]. Reviewing five different studies of
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almost 3000 cases, Grimbizis et al. [13] reported
an overall incidence of 4.3 % indicating it is rela-
tively common.

The etiology of the congenital uterine anoma-
lies remains unclear with the exception of mater-
nal exposure to diethylstilbestrol (DES) [14].

The Mullerian anomalies are classified accord-
ing to the severity of the anomaly, the clinical
manifestation, treatment, and  prognosis.
Regrettably, there is no commonly acknowledged
classification system for the Mullerian anoma-
lies. The American Fertility Society classifica-
tion was published on 1988 [15]. In this system
the anomalies are classified from type I repre-
senting Miillerian agenesis or hypoplasia through
type VI representing DES-related anomalies with
all the range of anomalies in-between. Likewise,
the European Society of Human Reproduction
and Embryology (ESHRE) and the European
Society for Gynaecological Endoscopy (ESGE)
issued in 2013 their classification system [16]
ranging from class UQ as the normal uterus to
class U5 as the aplastic uterus.

The association between both the congenital
and acquired uterine anomalies was reviewed
thoroughly in Chap. 7. As concluded there, both
congenital and acquired uterine structural anom-
alies of the uterus play a major role in the patho-
physiology of RPL. The diagnostic modality will
be a 2D followed by 3D trans-vaginal ultrasonog-
raphy with a diagnosis rate of more than 95 % of
the cases.

The association between congenital uterine
anomalies and infertility is less established, cre-
ating a debate regarding the approach to uterine
anomalies in infertile patients. Several studies
suggested that uterine anomalies distort the uter-
ine cavity and as a result increase infertility rates
[13, 17, 18], cause RPL [14, 18] and impose peri-
natal risk of preterm labor amongst other obstet-
ric complications [19, 20] while other studies
claim that uterine anomalies cause trouble in
maintaining the pregnancy but not in the actual
conception [14, 21, 22]. However, accumulating
evidence including recent data indicates that
resection of a uterine septum may be beneficial in
cases of infertile patients [23-25].
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Table 10.1 Basic evaluation tests for RPL and infertility
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Test Aim Performed
Uterine assessment | 2D Ultrasound Myometrium, endometrium, ovaries, pelvis | RPL +infertility
3D Ultrasound Uterine cavity (congenital anomalies), RPL +infertility
myometrium, endometrium
Hysteroscopy Uterine cavity, myomas, endometrium RPL +infertility
(Ashreman syndrome)
Hysterosalpingography Uterine cavity Infertility
Laparoscopy Endometriosis, tubal potency Infertility
Fallopian tubes Hysterosalpingography Fallopian tubes potency Infertility
assessment 3D ultrasound Hydrosalpyx RPL +infertility
Endocrine Thyroid function, prolactin Ovulation dysfunction, implantation failure | RPL +infertility
assessment Diabetes mellitus screening Glucose intolerance, hyperandrogenemia RPL +infertility
Male evaluation Basic semen analysis Sperm count and basic function Infertility
Advanced semen analysis DNA fragmentation, sperm immunoglobulin, RPL +infertility
reactive oxygen species and antioxidants
capacity
Ovaries FSH, antral follicular count or | Ovarian reserve assessment Infertility
AMH
Genetic Karyotype of the couple Translocations, deletions RPL
Karyotype and micro-deletions Assessment of azoospermia Infertility
of the male
Autoantibodies and | Anti-cardiolipin antibody and | Autoimmune disorders RPL

immune function lupus anticoagulant

RPL recurrent pregnancy loss, AMH anti-Mullerian hormone

Leiomyoma

Uterine leiomyomas, also known as leiomyoma-
tas or fibroids, are benign solid tumors of the
uterus. They are usually slow-growing and
asymptomatic. Myomas are common in woman
of reproductive age with prevalence as high as
70-80 % in woman aged 50 years [26]. The myo-
mas differ in their symptoms according to their
anatomic location, specifically in the uterine sub-
serosa, intra-myometria or sub-mucous layers.
Myomas have been previously reported to be
associated with break-through uterine bleeding
and symptoms caused by the enlarged uterus
imposing on neighboring organs, such as the uri-
nary bladder or the bowel.

Beside the symptoms discussed above, uterine
leiomyomas were also reported to be associated
with RPL and infertility. Myomas, especially
sub-mucous myomas, may distort the endome-
trial cavity, negatively impacting the implanta-

tion of the embryo. Although the mechanism by
which the myomas impact implantation is not
completely understood, it is estimated that atro-
phy of the endometrium overlaying the myoma is
the cause for the implantation failure [27]. A sys-
temic review reported a significantly higher rate
of pregnancy losses in women with sub-mucous
myomas [28]. While atrophic endometrium may
cause implantation failure, the distorted shape of
the uterus was suggested to alter the gametes and
embryo transport through blockage of the tubal
ostia, decreasing chance of fertilization and
implantation [29, 30].

Myomas altering reproduction can be surgically
removed. The surgical approach is determined by
the location and size of the myoma. Sub-mucosal
myomas can be hysteroscopically removed while
intra-mural and sub-serosal myomas can be laparo-
scopically approached. The impact of the removal
on reproduction, however, is still debatable. While
the sub-serosal myomas probably do not impact
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reproduction considerably, their removal question-
ably improves reproductive outcome [31].
However, in cases of sub-mucosal myomas and
intra-mural myomas, which alter the uterine cavity,
surgical resection of the myomas may improve
reproduction scores both for infertility and
RPL. The same applies to cases of unexplained
infertility in the presence of myoma in which myo-
mectomy appears to be beneficial [31-34].

Male Factor

The male factor is a well-established and an obvi-
ous cause of infertility. Male factor includes not
only the sperm production and function but also
other factors such as erectile dysfunction, ana-
tomic alterations like hypospadias or micro-
penis, endocrine disorders, and others. It was
commonly believed that if fertilization did occur,
the inability of the fetus to undergo a successful
implantation or to maintain the pregnancy was
associated with only female factors.

The association between basic semen param-
eters and RPL is still widely debated [35]. As
more advanced tests for male factor were devel-
oped, especially in male DNA structures and
their impact on the embryonic development, this
association changed.

Accumulating evidence supports the link
between male factors and RPL. Several studies
reported a positive association between paternal
age and the risk of RPL [36, 37]. Chromosomal
aberrations in the sperm are associated with
embryonic developmental arrest or implantation
failure and consequently, early pregnancy loss
[38]. Male factors are now known to play a key
role in fertilization, implantation, embryo devel-
opment and placental development [39, 40].

The association between male DNA dysfunc-
tion and RPL supports the notion that regular
work-up should not exclude male factor as an eti-
ology of RPL. Hence, the discovered positive
association between sperm dysfunction and RPL
led some of the researchers to recommend rou-
tine advanced male factor assessment in cases of
RPL even in the presence of a normal male infer-
tility basic workup [38].
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Endocrine Factors

Polycystic Ovary Syndrome (PCOS), diabetes
mellitus, hyperprolactinemia, luteal phase defect,
and thyroid antibodies and disease are commonly
encountered endocrine factors in cases of both
RPL and infertility. Although the exact patho-
physiology underlying these disorders in relation
to RPL and infertility still remains elusive,
experts have determined commonly accepted
mechanisms of action. Together, these five disor-
ders serve to establish the endocrinological con-
nection between women with RPL and infertility
in terms of shared mechanisms, diagnosis, treat-
ment, and prognosis.

Diabetes Mellitus

There are two types of diabetes mellitus: Type 1
diabetes (T1D) and Type 2 diabetes (T2D).
T1D is a disorder in which the body cannot pro-
duce sufficient insulin. The more prevalent T2D
occurs via the onset of insulin resistance and
can be caused by high-fat diets and sedentary
lifestyles [41]. Adequate insulin production or
supplementation is necessary for the mainte-
nance of a healthy female reproductive system
[42]. Females with uncontrolled T1D usually
experience delayed menarche [42]. They may
also be exposed to acute or chronic hyperglyce-
mia, which has damaging effects on the
embryo, particularly via intracellular glucose
starvation.

Insulin resistance in T2D patients leads to
hyperinsulinemia and can result in ovulatory
dysfunction, hyperandrogenism, and infertility
[42]. One mechanism in which hyperinsulinemia
affects the reproductive hormonal axis is by
reducing sex hormone-binding globulin (SHBG).
Decreased SHBG activity is coupled with an
increase in circulating testosterone levels. This
can lead to anovulation because high testosterone
levels can suppress FSH [43]. T2D also elevates
the glucose production in the liver and increases
insulin resistance from other tissue. Because the
embryo is sensitive to insulin, inadequate glu-
cose consumption due to hyperinsulinemia and
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hyperglycemia can lead to apoptosis, increasing
the risk of miscarriage [41].

Many women with T2D are also obese and
studies have indicated that obese patients usually
take longer to conceive and have poorer blasto-
cyst quality [43]. Women with diabetes who also
had low BMI displayed high HbAlc levels and
had menstrual irregularities [43]. Studies have
shown that high HbAlc levels in diabetic preg-
nant women indicate poor pregnancy outcomes
and increased miscarriage rates.

Thus, uncontrolled diabetes mellitus is con-
sidered a risk factor for both RPL and infertility
primarily because of its association with hyperin-
sulinemia, hyperglycemia, and obesity and high
HbAIc levels.

Polycystic Ovary Syndrome

Polycystic Ovary Syndrome (PCOS) is considered
the most common endocrine abnormality, affect-
ing 5-10 % of women of reproductive age [44,
45]. The Rotterdam Ceriteria for diagnosing PCOS
has to fulfill at least two out of the three following
criteria:  oligo/anovulation, hyperandrogenism,
and presence of polycystic ovaries. Women with
PCOS display elevated levels of LH and thereby
have an increased androgen production in theca
cells. Hyperandrogenism can then cause increases
in estrone levels, which suppresses FSH produc-
tion, leading to ovarian dysfunction, oligo/amen-
orrhea, anovulation, and subsequently, infertility.
The prevalence of PCOS in women with RPL is as
high as 56 %. Obesity and supraphysiological lev-
els of LH can impair ovarian folliculogenesis and
increase risk of miscarriage. Studies have further
implicated an association between PCOS and
hyperinsulinemia/insulin resistance, obesity, and
hyperhomocysteinemia. Hyperinsulinemia and
insulin resistance are shown to negatively affect
pre-implantation, by decreasing the activity of
proteins involved in feto-maternal adhesion.
Hyperhomocysteinemia may also have adverse
effects on embryo quality. These factors are con-
sidered the link between women with PCOS and
RPL/infertility [46].
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Thyroid Antibodies and Disease

The two main thyroid disorders are hypothyroid-
ism and hyperthyroidism. Hyperthyroidism does
not display significant connections to RPL or
infertility. Hypothyroidism, primarily caused by
Hashimoto’s disease, however, affects 2—4 % of
women of reproductive age and is associated with
miscarriage, preeclampsia, and preterm birth
[47]. Hypothyroidism can either be classified as
overt (clinical) or subclinical, both of which can
increase risk of first trimester loss and infertility.
Subclinical hypothyroidism is more common and
can directly lead to anovulation and increases in
prolactin levels [48]. Women with hypothyroid-
ism display high levels of thyroid-regulating hor-
mone (TRH). TRH activates thyroid-stimulating
hormone (TSH) and subsequently the main thy-
roid hormones, T3 and T4. TRH, additionally,
causes idiopathic increases in prolactin levels,
which in turn causes dysregulation of hypotha-
lamic hormonal function and ovulatory dysfunc-
tion. Amenorrhea in hypothyroidism is linked to
hyperprolactinemia, which causes a defect in
estrogen to LH positive-feedback mechanism and
also suppresses LH and FSH. Even in the absence
of hyperprolactinemia, hypothyroidism can result
in infertility because adequate thyroid activity is
needed for greatest production of estradiol and
progesterone [49]. Thyroid antibodies are usually
higher in women with RPL and impact tropho-
blast survival and invasion. They can also cause
dysregulation of inflammatory processes (i.e.,
pregnancy), which can lead to greater risk of mis-
carriage [50]. Overall thyroid antibodies and
hypothyroidism are important common factors
affecting women with RPL and infertile women.

Hyperprolactinemia

Hyperprolactinemia is a disorder, in which, there is
an abnormally high level of prolactin in the blood-
stream. Studies have shown that some of the
women who have miscarried and/or considered
RPL patients display high prolactin levels [51].
One study suggested that high concentrations of
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prolactin can inhibit progesterone secretion, lead-
ing to luteal insufficiency and resulting in infertil-
ity.  Hyperprolactinemia can also cause
hypothalamic dysfunction, defective ovulation and
follicle activity, and reduced fecundability, indica-
tive of miscarriage [51]. A possible mechanism for
hyperprolactinemia is via dopamine suppression.
As prolactin levels increase, dopamine suppresses
prolactin production, but indirectly affects GnRH
neurons, resulting in hypogonadotropic hypogo-
nadism and possible anovulation. In another study
with mice, an alternative mechanism was proposed.
Hyperprolactinemia lowered levels of kisspeptin, a
protein that stimulates GnRH secretion [52]. Both
mechanisms show the same underlying result:
hyperprolactinemia affects the hypothalamic-
pituitary-ovarian axis, commonly affecting fertility
and pregnancy outcomes.

Luteal Phase Defect

Luteal phase defect (LPD) or insufficiency is
characterized by insufficient progesterone pro-
duction and/or progesterone receptivity [53].
Normally, the corpus luteum produces adequate
levels of progesterone to prepare the endome-
trium for blastocyst implantation, favor Th2 cyto-
kines, which are supportive of pregnancy, with
progesterone-induced blocking factor, and inhibit
prostaglandins, which initiate uterine contrac-
tions, to create a stable environment for implanta-
tion. Studies have shown that women with luteal
insufficiency can have poor luteal blood flow as
well as lower FSH and LH signaling, which is
vital for adequate folliculogenesis, oocyte matu-
ration, ovulation, and implantation [54, 55]. LPD
can engender anovulation, luteal atrophy, or
implantation failure in the first trimester, becom-
ing a potential cause of both infertility and recur-
rent pregnancy loss in premenopausal women.

Personal Habits
Personal habits such as smoking, alcohol con-

sumption, intense exercise, and substance abuse
can negatively impact the female reproductive
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health and function. Although the exact patho-
physiology of these factors is unclear, there are
many reports suggesting that these lifestyle
choices are potential risk factors for infertility
and RPL by causing oxidative stress (OS), hor-
monal disruption, or physical changes in the
female reproductive system.

Smoking

Because of its prevalence, especially in women of
reproductive age, cigarette smoking is one of the
most clinically relevant risk factors [56]. Cigarette
smoke (CS) contains over 4000 chemicals, many of
which are known reproductive toxicants [57].
Smoking can lead to many hormonal changes.
Research shows that CS causes increased FSH pro-
duction, shortening the follicular phase and result-
ing in anovulation, poor luteal function, and
menstrual irregularities [58]. Alkaloids present in
CS can similarly decrease the production of proges-
terone, leading to luteal deficiency [59]. CS can also
decrease estrogen levels by interfering with granu-
losa cells and aromatase enzyme, consequently dis-
turbing the pituitary-gonadal axis. One study
showed that women who smoked had a signifi-
cantly increased risk of spontaneous abortion [60].

Harmful chemicals in smoking such as nico-
tine and polycyclic aromatic hydrocarbons can
increase OS in the body by upregulating produc-
tion of free radicals and/or decreasing antioxidant
defenses [57, 61, 62]. Since OS is widely recog-
nized to impair vital processes such as folliculo-
genesis, steroidogenesis, embryo transport, and
uterine receptivity, CS can be highly detrimental
to reproductive function. Thus, CS, via OS and
hormonal alterations, can result in infertility and
high risk pregnancies [63].

Alcohol

Alcohol consumption, like CS, can cause hor-
monal changes and OS, resulting in infertility
and recurrent miscarriage. Alcohol intake is
reported to decrease estrogen and progesterone
concentrations, inhibit ovulation, and animal
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experiments have shown that it interferes with
sperm passage through the fallopian tube. This
can lead to infertility. Alcohol can also induce
OS, which can affect oocyte DNA and cause
luteal damage and apoptosis, resulting in implan-
tation failure and subsequently, abortion [64].
Women who drink frequently display men-
strual disorders such as amenorrhea and dysmen-
orrhea. Low to moderate alcohol intake is shown
to reduce fecundability and in a dose-dependent
fashion, can greatly increase risk of first-trimester
miscarriage [65]. If even moderate alcohol con-
sumption can lead to reproductive irregularities,
alcohol consumption is an important risk factor
in both infertile women and women with RPL.

Intense Exercise

Regular exercise is reported to have beneficial
impacts on a woman’s body and reproductive
health and can exhibit protective effects, espe-
cially for obese patients [66]. Intense exercise,
however, can have negative effects on female
reproductive health [67].

Women who engage in strenuous exercise,
especially in high-impact exercises, show
increased risk of miscarriage [68]. Energy drain,
in which energy expenditure overwhelms suffi-
cient dietary reserves, is the primary cause of hor-
monal disruptions. This extra strain from high
physical activity can decrease GnRH pulses, lead-
ing to lower levels of LH and FSH and causing
anovulation, short luteal phase, mild hyperan-
drogenism, and amenorrhea. These changes can
cause infertility and higher miscarriage rates [69].

Healthy exercise promotes good body health.
Through hormonal alterations, however, strenu-
ous exercise can have a detrimental impact on the
female reproductive system, resulting in infertil-
ity and an increased risk of abortion.

Substance Abuse
Research on substance abuse has been limited due

to ethical considerations [66]. Illicit drug use, how-
ever, does negatively affect reproductive health
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and function. Women who smoked marijuana
showed increased risk of developing infertility due
to ovulatory irregularities [70]. Marijuana use is
also linked with decreases in LH levels, which sug-
gests a decline in uterine receptivity [71].

Cocaine use is reported to decrease respon-
siveness to gonadotropins and cause placental
abruption [66, 72]. It can also cause physical
abnormalities in the fallopian tubes increasing
the risk of infertility [70]. Both cocaine and mari-
juana use have been associated with increased
risk of miscarriage [73].

Although there is little information on this
topic, there is still some evidence suggesting that
the use of illicit drugs can lead to infertility and
possible recurrent miscarriage either due to hor-
monal changes or physical alterations of the
female reproductive system.

Conclusion and Future
Considerations

This chapter aimed to challenge the traditional idea
of viewing infertility and RPL as independent enti-
ties. The disparity results in completely separate
evaluations and varied treatments of these popula-
tions by professionals of different disciplines. The
challenge to this common concept arises in several
aspects. Firstly, many common etiologies are shared
by these presently separated populations (Fig. 10.1).
Secondly, as a result of the common etiology, a
common workup is shared in many cases by both
RPL and infertile couples (Table 10.1). Thirdly,
some of the cases, especially those involving chem-
ical pregnancies, are difficult to manage appropri-
ately because of the apparent distinction between
RPL and infertility and inconsistent definitions and
standards of approach for RPL.

One question remains, i.e., the significance of
these observations. Obviously, chemical preg-
nancies should be better defined and the workup
for RPL and infertile patients should be revised.
From our experience and as a result of the
described common characteristics we propose
two immediate active measures to be taken. The
first is to relate to chemical pregnancies in the
same manner as we relate to clinical pregnancies
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Fig.10.1 Common causes of RPL and infertility

in terms of abortions. Hence, couples with two or
three chemical pregnancies will be defined as
RPL patients and undergo the RPL workup. The
second is to evaluate and treat the RPL and con-
sistent infertile patients in the same clinic in a
multidisciplinary fashion involving both RPL
and infertility experts.
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Etiology

Recurrent miscarriage (RM) is classically defined
as three or more consecutive pregnancy losses
occurring before 20 weeks postmenstruation.
However, many researchers have now revised the
definition to two or more pregnancy losses,
because of the recent increase in the prevalence of
childless couples. Thus, recurrent pregnancy loss
(RPL) which is defined as two or more pregnancy
losses at any gestational age is used in this article.
The estimated frequencies of three or more and
two or more consecutive pregnancy losses are 0.9
and 4.2 % in the Japanese general population [1].

Antiphospholipid syndrome (APS), uterine
anomalies, and abnormal chromosomes in either
partner are established causes of RPL [2-4].
Only about 30 % of cases have an identifiable
cause (Fig. 11.1a) [3], and it is well known that
the cause remains unexplained in over a half of
the cases [5]. The abnormal embryonic karyo-
type was found in 41.1 % of patients in whom
both conventional causes and karyotype of
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aborted conceptus could be examined in our pre-
vious study (Fig. 11.1b) [6]. Therefore, the prev-
alence of truly unexplained, of cases with normal
embryonic karyotype, was only 24.5 %. An
abnormal embryonic karyotype is usually
included in unexplained because the embryonic
karyotype is seldom analyzed clinically.

The distribution of each cause depends on the
characteristics of patients such as women’s age or
the number of previous miscarriages. Patients over
40 years old increase year by year in Japan and
identifiable causes cannot be found in such patients.

The clinical tests for antiphospholipid anti-
bodies, uterine anomaly, and chromosome karyo-
type in both partner and the aborted concepti are
recommended.

We examined blood test for hypothyroidism
and diabetes mellitus and ultrasonography for
polycystic ovarian syndrome. Endocrine distur-
bances have also been postulated to cause RPL,
but few randomized controlled trials or cohort
studies reporting endocrine disturbances as a cause
have withstood scrutiny. It has not been estab-
lished whether endocrine disturbances, thrombo-
philia, immune dysfunction, infection, and
psychological stress may contribute to RPL [5].

Antiphospholipid Syndrome

The clinical criteria for the diagnosis of APS
include the following[7]:
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a APS Occasional Apnormal

aPL
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. anomaly

3%

unexplained

69% 12%

Fig. 11.1 Comparison of the distribution of causes.
(a) 1676 patients in our previous study (based on data
from Ref. [3]). (b) 482 patients with RPL, including those

1. Three or more consecutive unexplained mis-
carriages before the 10th week of gestation

2. One or more unexplained death of a morpho-
logically normal fetus at 10 weeks of gesta-
tion or later

3. One or more premature births of a morpho-
logically normal fetus at 34 weeks of gesta-
tion or earlier, associated with severe
preeclampsia or placental insufficiency

Lupus anticoagulant (LA) by two kinds of
reagent such as dilute activated partial thrombo-
plastin time (aPTT) and dilute Russell viper
venom time (RVVT) should be examined [8].
B2glycoprotein I (B2GPI) dependent anticardio-
lipin antibodies (aCL) IgG/IgM or anti-
B2glycoprotein I (B2GPI) antibodies IgG/IgM are
recommended [7].

Patients can be diagnosed as having APS
when positivity for at least one antiphospholipid
antibodies (aPLs) persistent for 12 weeks,
according to the revised international criteria.
The 99th percentile in healthy controls is recom-
mended as the cutoff for the assays.

The reported incidence of APS is 5-15 % [5].
However, the references quoted in this review
were published before the International Criteria
for APS were published [7]. The incidence of
APS was 4.5 % in our previous study though the
study included RPL [3].

Endocrine
abnormality

M. Sugiura-Ogasawara et al.

b - Occasional Abbiiial

chromosome

10%
Abnormal Uterine
embryonic anomaly
karyotype 5%
41% Endocrine

abnormality
6%

mixed./
4%

with an abnormal embryonic karyotype (based on data
from Ref. [6])

APS is the most important treatable cause of
RPL. Low-dose aspirin plus heparin combined
therapy is accepted as the standard treatment for
patients with APS [9-17]. The previous studies
are listed in Table 11.1. There were difference of
assays and cutoff values to diagnose for APS
among all facilities. Not only treatment but also
difference of assays might influence on the preg-
nancy outcome.

LA is well known to be better correlated with
pregnancy morbidity than aCL [18, 19]. The
PROMISS study concluded that LA, but not clas-
sical aCL, was a predictor of adverse pregnancy
outcomes [18]. Harris et al. also confirmed that
classical CL IgG and IgM were rarely associated
with adverse pregnancy outcomes [19]. Both
aPTT and RVVT are suitable for assay of LA,
and two tests with different assay principles are
recommended [7, 8]. Therefore, a combination of
aPTT-based LA and dRVVT-based LA could be
used in daily clinical practice.

We conducted a prospective study to examine
whether a positive test result for f2GPI-dependent
aCL might predict adverse pregnancy by 10
weeks of gestation in 1,125 pregnant women
without complications; results obtained using a
cutoff value of 1.9 (99th percentile in healthy vol-
unteers) were found to have a predictive value for
intrauterine fetal death, intrauterine growth
restriction, and preeclampsia [20]. However, in
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Table 11.1 Assays for antiphospholipid antibodies and cutoff values and live birth rate according to treatment in

patients with antiphospholipid antibodies

aCL LA
Cowchock et al. 1gG>30 dRVVT or aPTT
(1992) [9] IgM>11
Silver et al. (1993) |1gG>8 dRVVT
[10] IgM>5
Kutteh et al. 1eG>=27 No
(1996) [11] IgM>=27
Rai et al. (1996) 1gG>5 RVVT
[12] 1gM>3 aPTT (exclude SLE)
Pattison et al. 1gG>=5 aPTT, dRVVT, KCT
(2000) [13] IgM>=5
Farquharsonetal. | 1gG>9 dRVVT
(2002) [14] IgM>5
Franklin and 1gG>20 dRVVT
Kutteh (2002) [15] | IgM>20
Noble and Kutteh | 1gG>20 dRVVT, aPTT
(2005) [16] 1gM>20
Laskin et al. [17] IgG>15 dRVVT, aPTT, KCT,
IgM>25 dPT (include ANA,
thrombophilia)

Case (n) Control (n) Live birth rate %
A+scUFH (26) | A+PSL (19) |73.1 68.4
A+PSL (12) A (22) 100 100
A+scUFH (25) | A (25) 80.0° 44.0
A+scUFH (45) | A (45) 71.12 422
A (20) A (20) 80 85
A+scLMWH A (47) 78.4 72.3
(51)

A+scUFH (25) 76.0
A+scLMWH A +scUFH 84 80
(25) (25)

A+scLMWH A (43) 77.8 79.1
(45)

A Low-dose aspirin, scUFH subcutaneous unfructionated heparin, PSL prednisolone, LMWH low-molecular-weight heparin

Significant difference

the study, it could not be ascertained whether
B2GPI-dependent aCL might have been of pre-
dictive value for early miscarriage, because the
sampling was conducted only at about 10 weeks
of gestation. On the other hand, we established a
test for LA by 5x-diluted aPTT with the mixing
test (LA-aPTT) and proved that treatment could
improve the subsequent live birth in patients with
a positive test result [21]. The ascertainment of
each assay to improve live birth rate is important
in obstetric APS. The true antigens of aPL are not
phospholipids, but phospholipid-binding plasma
proteins such as p2GPI, prothrombin, kininogen,
protein C, and protein S [22, 23]. In fact, there are
over 10 commercially available methods in
Japan. Standardization is needed for detecting
obstetric APS to improve the live birth rate.
Laskin et al. concluded that there was no dif-
ference in the live birth rates between treatment
with low-molecular-weight heparin plus aspirin
(77.8 %) and aspirin alone (79.1 %) based on the
detection of aPLs, inherited thrombophilia, and
antinuclear antibodies (Table 11.1) [17]. The live
birth rate in patients treated with aspirin alone
was high as compared with the rates reported

from Rai’s or Kutteh’s study [11, 12]. In our
study, the frequency of antinuclear antibody
(ANA) in 225 RPL patients was significantly
higher than that in 740 normal pregnant controls;
however, there was no significant difference in
the subsequent miscarriage rate between the
ANA-positive and ANA-negative cases [24].

We usually carry out LA-aPTT, LA-RVVT,
and P2GPI-dependent aCL in clinical practice.
The prevalence of at least one positive test is
10.7 %, and in 4.5 %, the positive finding is sus-
tained for 12 weeks until APS is diagnosed.
Precise calculation of the gestational weeks can
be made from the basal body temperature chart.
Combined treatment with low-dose aspirin and
heparin calcium at 10,000 IU/day (twice a day)
should be started from 4 weeks of gestation. We
discontinue aspirin by 35 weeks of gestation and
continue heparin until the onset of labor. A live
birth can be expected in 70-80 % of the patients
treated thus [11, 12].

We found that the live birth rate in 52 patients
with occasional aPL, but not APS, treated with
aspirin alone was significantly higher than that in
672 patients with unexplained RPL who received
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no medication [25]. The live birth rate was
84.6 % (44/52) and that was 95.7 % (44/46) when
miscarriage cases caused by an abnormal embry-
onic karyotype were excluded. However, it is not
yet established how to treat patients with occa-
sional aPL.

Congenital Uterine Anomaly

Women with a history of RPL have been esti-
mated to have a 3.2-10.4 % likelihood of having
a major uterine anomaly except arcuate uterus,
the variation largely depending on the methods
and the criteria selected for the diagnoses [26—
29]. The associations between arcuate uterus and
RPL and between anomalies and infertility
remain controversial.

Affected patients have been offered surgery in
an attempt to restore the uterine anatomy. The
live birth rates after surgery in studies including a
relatively large number of patients are summa-
rized in Table 11.2 [26, 30-37]. 35.1-65.9 % of
patients with bicornuate or septate uteri give live
births after correctional surgery. While this may
provide hope that the operations would increase
the rate of successful pregnancies, to the best of
our knowledge, there have been no prospective
studies comparing the pregnancy outcomes
between cases of RPL with uterine anomalies
treated and not treated by surgery.

We conducted a case-control study of 1676
patients with a history of 2—12 consecutive mis-
carriages whose subsequent pregnancies were
ascertained at least one time in our medical
records [3]. Uterine anomalies were diagnosed
by HSG and laparoscopy/laparotomy.

Of the total, 3.2 % (54) had major uterine
anomalies, including 38 with a partial bicornis
unicolli, 10 with a septum, 5 with a unicornis,
and 1 with a didelphys. Of the 42 patients with a
septate or bicornuate uterus not treated by any
kind of surgery, 59.5 % (25) had a successful out-
come, while this was the case in 71.7 %
(1096/1528) women with normal uteri at the sub-

M. Sugiura-Ogasawara et al.

sequent first pregnancy (p=0.084). The normal
chromosomal karyotype rates in the aborted con-
cepti in cases with anomalies were significantly
higher than that in those without anomalies
(84.6 % vs. 42.5 %, p=0.006).

In 78.0 % of patients (32/41) with anomalies,
one patient was treated by surgery after further
miscarriage, and 85.5 % of patients (1307/1528)
with normal uteri could cumulatively have live
babies within the follow-up period (not signifi-
cant). Live birth rates in patients with congenital
uterine anomalies tended to be lower both at the
first pregnancy after diagnosis and from the
cumulative standpoint.

The defect/cavity ratio was also significantly
higher in the subsequent miscarriage group than
that in the live birth group. Because of a value of
0.8 for the area under curve of the ROC, major
uterine anomalies clearly have a negative impact
on the reproductive outcome in women with
RPL, being associated with a higher risk of fur-
ther miscarriage with a normal embryonic
karyotype.

We conducted the first multi-center prospec-
tive study to examine whether surgery for a bicor-
nuate or septate uterus might improve the live
birth rate in 170 patients with RPL [38]. In 124
patients with a septate uterus, the live birth rate at
the first pregnancy after ascertainment of anoma-
lies with surgery tended to be higher than that in
those without surgery (81.3 % vs. 61.5 %). The
infertility rates were similar in both groups, while
the cumulative live birth rate tended to be higher
than without surgery (76.1 % vs. 60.0 %). Surgery
showed no benefit in 46 patients with a bicornu-
ate uterus for having a baby, but tended to
decrease the preterm birth rate and the low birth
weight. The possibility that surgery has benefits
for having a baby in patients with a septate uterus
suffering recurrent miscarriage could not be
excluded.

A randomized control trial (RCT) is necessary
to compare the live birth rates between patients
with and without surgery, also taking into consid-
eration the infertility rate.
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Abnormal Chromosomes in Either
Partner

De Braekeler et al. concluded that the rate of
chromosomal structural rearrangements in cou-
ples with a history of two or more spontaneous
abortions was 4.7 %, based on a review of the
data of 22,199 couples [39].

We conducted the first prospective study of
1284 couples to examine whether translocations
constituted a risk factor for RPL [4]. Our findings
indicated a successful pregnancy rate of 31.9 %
(15/47) in the first pregnancy after ascertainment
of the carrier status, which is much less than that
reported in cases with normal chromosomes
(71.7 %, 849/1184), and a cumulative successful
pregnancy rate of 68.1 % (32/47). We concluded
that the prognosis of RPL patients with recipro-
cal translocations is poor, given that the study
was conducted over a 17-year period, and
included severe cases with a history of 10-13
miscarriages.

Franssen et al. reported cumulative successful
pregnancy rates in RPL patients with reciprocal
translocations, Robertsonian translocations, and
a normal karyotype of 83.0, 82.0, and 84.1 %,
respectively, based on a prospective case-control
study [40]. They concluded that the chance of
having a healthy child was as high as that in non-
carrier couples, despite the higher risk of
miscarriage.

The live birth rate with preimplantation
genetic diagnosis (PGD) was reported to be
14-58 % [41-46]. The live birth rate with natural
conception was reported to be 32-65 % on the
first trial and 68—83 % cumulatively [4, 40]. The
live birth rates with PGD in reciprocal transloca-
tion carriers are comparable to or sometimes
lower than those with a subsequent first natural
conception. The live birth rate with the use of
new technology, microarray comparative
genomic hybridization (array CGH) or single
nucleotide polymorphism microarray, is also
comparable to those with a subsequent first natu-
ral conception [3, 45]. It is difficult, however, to
simply compare IVF plus PGD and natural con-
ception in translocation carriers. To date, there
has been no cohort study.

M. Sugiura-Ogasawara et al.

Thus, we compared the live birth rate of 37
patients with RPL associated with a translocation
undergoing PGD matched for age and number of
previous miscarriages with that of 52 patients
who chose natural conception [47]. The live birth
rates on the first PGD trial and the first natural
pregnancy after ascertainment of the carrier sta-
tus were 37.8 and 53.8 %, respectively.
Cumulative live birth rates were 67.6 and 65.4 %,
respectively, in the groups undergoing and not
undergoing PGD. The time required to become
pregnancy was similar in both groups. PGD was
found to reduce the miscarriage rate significantly.
The prevalence of twin pregnancies was signifi-
cantly higher in the PGD group. The cost of PGD
was US$7956 per patient.

While PGD significantly prevented further
miscarriages, there was no difference in the live
birth rate. Couples should be fully informed of
the similarity in the live birth rate, the similarity
in time to become pregnant, the advantages of
PGD, such as the reduction in the miscarriage
rate, as well as its disadvantages, such as the
higher cost, and the advantages of a natural preg-
nancy, such as the avoidance of IVF failure. The
findings should be incorporated into the genetic
counseling of patients with RPL and carrying a
translocation.

Abnormal Embryonic (Fetal)
Karyotypes

Embryonic aneuploidy is the most common
cause of sporadic spontaneous abortion before 10
weeks of gestation. A recent array CGH approach
indicated about 80 % of abnormality in the
aborted embryo.

Regarding RPL, both the live birth rate and the
normal embryonic karyotype decreased according
to the number of previous miscarriages in our pre-
vious study [48]. The study also indicated that the
live birth rate of patients with a previous abnormal
embryonic karyotype was significantly higher
than that in patients with a previous normal embry-
onic karyotype. The embryonic karyotype can be a
good predictor of subsequent success. Our another
study showed that 41 % of patients had an abnor-
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mal embryonic karyotype [6]. However, this can-
not be conclusive, because the aborted concepti
are seldom karyotyped clinically.

The live birth rate with preimplantation
genetic screening for aneuploidy (PGS) was
reported to be 447 % [49-51]. PGS could never
improve the live birth rate in patients with unex-
plained RPL though it could reduce the miscar-
riage rate, because the live birth rate in patients
with a history of five miscarriages was 51 % [48].
The previous studies with the use of PGS lack
appropriate controls. The RCT is necessary since
the live birth rate depends on women’s age and
the number of previous miscarriages.

The True Unexplained Recurrent
Pregnancy Loss

The subsequent live birth rates in unexplained
patients, including patients caused by an abnor-
mal embryonic karyotype, with previous 2, 3, 4,
and 5 miscarriages are 80, 70, 60, and 50 % with
no medication, respectively [52]. However,
patients with unexplained RPL also desire to
receive medication. Paternal immunization, or
low-dose aspirin and heparin combined therapy
had no effect on improving the live birth rate in
patients with unexplained RM [53, 54]. It is
important to make the patients aware that no
medications have been established to improve the
live birth rate shown above.

Recently, an association between about 100
kinds of polymorphisms and RPL has been
reported. Factor V Leiden mutation is well known
to be associated with RPL [55]. The study design
of almost all manuscripts concerning this issue
was cross-sectional. The clinical significance of
examination of the mutations is not yet well
established in patients with RPL [5].

Annexin AS is a placental anticoagulant pro-
tein and is reported to be one of the true antigens
of aPLs. Four cross-sectional studies have shown
positive associations between ANXA5 SNPs and
RPL. Our previous cross-sectional study con-
firmed ANXA5 SNP5 as a risk factor for RPL
[56]. However, the subsequent live birth rate was
84.0 and 84.3 % in patients with and without the
risk allele of SNP5 [56].

Coagulation factor XII activity is also well
known to be associated with RPL. Our recent
study proved that but LA-aPTT not P2GPI-
dependent aCL reduced about 20 % of XII activ-
ity [57]. Our cross-sectional study suggested CT
genotype of XII gene as a risk factor for RPL
[57]. The subsequent live birth rates were similar
in patients with and without the risk alleles [57].

This may mean that risk factors with small
ORs identified in the cross-sectional study may
be of little clinical relevance. It is speculated that
patients with a number of risk alleles with small
relative risks might be more likely to suffer from
unexplained RPL.

Several couples in our experience divorced or
gave up trying to conceive after RPL, because
they had the misconception that it would be
impossible for them to have a living baby [1].
Psychological support with tender loving care
might be the most important to encourage such
couples to continue to conceive until a live
birth results.
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Introduction

Background

And God blessed man and God said Be fruitful and
multiply and replenish the earth [1] (Genesis 1:28).

To give birth and reproduce is the first command-
ment in Genesis. To fulfill this commandment is
both a privilege and an obligation. Fertility,
reproduction, parenthood, and family are central
values in Jewish and Israeli society. A woman
who has recurring miscarriages is afraid of infer-
tility which is seen as a situation in which a per-
son is robbed of significance and experiences
which are central to life and without which life is:
worthless. The right to parenthood is protected
under the Basic Law Human Dignity and Liberty
in Israel. “The yearning for a child is so well-
known it needs no evidence.” A couple that has
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trouble in having children makes every effort in
order to have offspring [2, 3].

The process of socialization prepares a person
for parenting. When a woman has recurrent miscar-
riages, she experiences anxiety and feels helpless in
her ability to accomplish her goal of motherhood as
well as fulfill the expectations of society from
which she derives the craving for motherhood. This
awareness stems from the fact that the society has
created a framework which sees the construction of
family and fertility the continued existence and its
basic duty of an adult. The right to be a biological
parent awkward is impaired in about 10-15 % of
the population in the USA and Israel [2, 4].

The State of Israel has implemented since its
inception a policy which encourages fertility both
on a personal level and on an institutional level [2,
3, 5, 6]. This concept is a characteristic of the
Jewish Israeli experience and is driven by two
main forces which define motherhood as a
supreme value—the Jewish religious tradition
and the Israeli-Zionist heritage. It is expressed in
the first chapter of the Bible in the commandment
“Be fruitful and multiply and replenish the earth”
[1] and in many other places in the biblical text.
Rachel requests from Jacob “Give me children or
I'll die” [7] which expresses the view that the
need for children is more intense than the desire
to live, that there is no point to life without chil-
dren [6]. This outlook has been observed in many
studies which discuss the intensity of the feelings
and the stress of couples in a situation of recurring
miscarriages. According to such studies, the
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degree of distress in these situations is very high
and is characterized by depression and anxiety
which influence all areas of life including the cou-
ple’s relationships, their sex life, the quality of
life, and, in men, the quality of the sperm [3, 6, 8].

Women who experience multiple natural mis-
carriages are in a complicated medical and emo-
tional state due to the need for a complete medical
evaluation as well as worry regarding the next
pregnancy. The fear of the next pregnancy height-
ens anxiety and even contributes to depression [9,
10]. The emotional state of these women demands
professional attention. They need emotional sup-
port to improve their quality of life during this
difficult period [11].

Recurrent Miscarriages/Recurrent
Pregnancy Losses

The notion of recurring miscarriages is defined
by the ASRM (American Society for Reproductive
Medicine) as a situation in which a woman has
two or more repeated miscarriages before the
pregnancy reaches 20 weeks [11]. Bashiri and his
colleagues [9, 10] offer a definition of the con-
cept of RPL (recurrent pregnancy loss) going
beyond its purely medical aspects to include the
feelings of loss and the emotional aspects associ-
ated with this problem. The rate of recurring mis-
carriages is about 3-5 % of pregnancies. The risk
of recurrent miscarriages after three miscarriages
rises to 30 % or more. Nevertheless about 75 %
of women who experience recurrent miscarriages
do finally become pregnant and have a live birth
even without treatment. The majority of medical
centers customarily begin a medical evaluation
after two consecutive miscarriages [9, 10].

Causes for Miscarriages

The reasons for recurrent miscarriages are deter-
mined in only 50 % of the cases, 50 % are defined
as “unexplained” and that it seems is related to
the phenomenon of the multiple factors related to
miscarriages [9-11]. There are a number of fac-
tors for RPL such as: congenital anatomical rea-
sons, developed defects, endocrine disorders
including hyperprolactinemia, polycystic ovary

H. Ziedenberg et al.

syndrome, insulin resistance, poorly treated dia-
betes, luteal phase defect in thyroid function, thy-
roid antibodies, obesity, genetic factors, clotting
syndromes, etc. In this chapter we put the empha-
sis on miscarriages from unknown causes and the
problems relating to clotting and the neuro-
immune-endocrine axis [9].

Unexplained Recurrent Miscarriages

As mentioned 50 % of recurrent pregnancy losses
are due to unknown causes. The treatment of RPL
is a great challenge both for the woman and for
her physician. The treatment is shrouded in dark-
ness, and involves much trial and error. The high
uncertainty increases the stress and anxiety for the
women [5, 12]. Women after unexplained RPL
continue to search for the cause of the problem
and find it difficult to believe in the success of the
current pregnancy. The probability of another
miscarriage after RPL is high compared to women
who have had only one miscarriage. The fact of
not having a clear reason leaves the woman feel-
ing helpless, frustrated, and anxious. The rate of
live births among women who experience unex-
plained RPL is still about 50-54 % [5, 12].

The neuro-immune-endocrine axis empha-
sizes the impact of the relationship between sys-
tems, neurological system, endocrine and
immune system, and recurrent miscarriages.
Many studies have described the emotional
responses displayed by the women experiencing
recurrent miscarriages. It has been found that
socio-psychological factors influence the woman
and affect her immune system. It is assumed that
there exists an immune factor in the relationship
of the mother and the fetus. There is a connection
between the mother’s immune system and the
fetal antigens. Recently, importance has been
placed on the existence of natural killer lympho-
cyte cells in the uterine mucosa and they it seems
can infiltrate the fetal trophoblast cells. Research
shows that in women who experience RPL a high
level of these cells are found in the uterine
mucosa and therefore they are at high risk of
losing the fetus in the absence of treatment. In
addition, women with RPL tend to generate an
immune reaction characterized by TH1 cell dom-
inance during the period of implantation as
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opposed to the situation characteristic of a nor-
mal pregnancy where the TH2 cells are domi-
nant. It has also been found that in women who
experience a single miscarriage there is a rise in
the endometrium of factors of the immune sys-
tem of the type CD8 and TNF alpha and tryptase
positive mast cells. In addition it has been found
that a rise in stress related hormones (catechol-
amine and cortisol) can reduce the supply of
blood to the fetus and can even influence the
development of embryonic blood cells thereby
increasing the chance of a miscarriage [12, 13].
These findings support the view which argues
that immune tolerance disorders can contribute to
recurrent miscarriages [12, 13].

Emotional Aspects Associated
with Recurrent Miscarriages

Every miscarriage is accompanied by a feeling of
loss, loss of the fetus, loss of confidence in the
integrity of the body and its ability to give birth
[14]. Studies show that there is a psychological
morbidity in the first few weeks after a miscar-
riage. It has been found that about 40 % of women
after a miscarriage will suffer from symptoms of
bereavement immediately after a miscarriage [15].
It has also been found that about 43—70 % suffer
from repeated bouts of mild to severe depression
during the 6 months after a pregnancy loss [12].
RPL evokes a variety of responses such as
anxiety, depression, denial, anger and a feeling of
bereavement and loss. For the woman who mis-
carries in the early stages, the pregnancy loss is
similar to the loss of a body part. Women feel that
part of their body has been lost which brings on a
feeling of deep emptiness and she feels damaged
and incomplete. The process of separation
between the mother and fetus begins to occur only
after the women feel fetal movement [16]. Studies
show that about 30 % of women treated in fertility
clinics or pregnancy loss clinics suffer from clini-
cal depression according to indices of the DSM,
the Diagnostic and Statistical Manual of Mental
Disorders. It has been found that every fifth
woman in recurrent pregnancy loss clinics is diag-
nosed as suffering from anxiety [9, 10]. Women
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after an unexplained RPL develop more psycho-
logical symptoms compared to women whose
problem has been diagnosed. These women expe-
rience more anxiety since they are unable to
believe in their ability to conceive and complete a
pregnancy. When the reason for the miscarriage is
not known women feel helpless and do not know
the cause of the problem or what they must do to
prevent a miscarriage in the future [16]. In a study
of 39 women who had experienced two or more
miscarriages conducted at the Recurrent
Pregnancy Loss Clinic at Soroka Medical Center,
Israel, the connection between the RPL and anxi-
ety, the quality of sleep and quality of life was
scrutinized. It was found that all the women who
had had two miscarriages or more suffered from a
moderate to high level of general and situational
anxiety as well as from sleep disturbances and a
lower quality of life [17] (Fig. 12.1).

There are two factors influencing the emo-
tional responses of the women with recurring mis-
carriages. The first is connected with mourning
for the loss and not knowing the cause; these
women develop greater anxiety disorders. The
second factor is connected to medical anamnesis.
The conventional wisdom is that women who
have given birth in the past are more resilient to
anxiety stemming from RPL. However there is no
research supporting this view. Also, the literature
describes serious traumatic reactions to the degree
of PTSD (Posttraumatic stress disorders) [12].

There is a long term study examining the
prevalence of PTSD in response to RPL. About
1370 women were enrolled in the study during
the early stages of their pregnancies and 113
experienced RPL. The interviews to evaluate the
extent of the trauma and depression were con-
ducted after 1 month and again after 4 months
and the frequency of PTSD was 25 %, and the
severity of the symptoms was similar to other
trauma populations. Women with PTSD were at a
high risk for depression: 34 % of the PTSD cases
and 5 % of cases that did not report depression.
At 4 months, 7 % met the criteria for PTSD, and
half were chronic. In contrast the rate of depres-
sion did not decrease. The results show that preg-
nancy loss has the traumatic potential to
contribute to the development of PTSD [17].
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Fig. 12.1 Frida Kalo, 1929. This is how she drew the
experience of her miscarriage. [Reprinted with permission
from Frida Kahlo Museums Trust. Av. 5 de Mayo No. 2,

A study that examined the difference in the
level of anxiety among women after one miscar-
riage compared to those who experienced two
miscarriages shows that the second miscarriage
had a stronger effect on the women’s emotional
state. In the same study it was found that while
the first miscarriage was accompanied by less
anxiety there was more anxiety during the next
pregnancy. A connection was found between the
degree of depression and anxiety in women after
a miscarriage and a higher risk to miscarry in the
next pregnancy [12, 18].

In a study of 205 women who experienced
unexplained RPL 116 got emotional support and
the rest didn’t. It was found that among the
women who received psychological support the
rate of subsequent successful pregnancies result-
ing in a live birth was 85 % while among those
who got no support only 36 % succeeded in
becoming pregnant. This study was terminated

Col. Centro, Del. Cuauhtémoc 06059, México, D. F
&Banco de México Diego Rivera © 2015]

due to ethical issues but illustrates the signifi-
cance of psychological support [17, 18].

Understanding the connection between the
emotional state of the women and miscarriages
brought the FEuropean Society of Human
Reproduction and Embryology (ESHRE) and the
Royal College of Obstetricians and Gynecologists
(RCOG) to recommend supportive care during the
next pregnancy for women with unexplained mis-
carriages [11]. There is also a recommendation to
offer emotional support during the first 4 weeks
after a miscarriage in order to reduce anxiety and
the chances for further mental morbidity [16].

As yet there are no set protocols for supportive
treatment after recurring miscarriages. In their
work Muster et al. [11] examined the preference of
women for support during pregnancy after recur-
ring miscarriages. Women were offered about 20
types of support. All indicated that emotional sup-
port immediately after a miscarriage at a time
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when anxiety and the feeling of loss of control was
high was very important. Also, they stressed the
importance of continuous communication with the
attending physician which would allow them to
report the next pregnancy immediately in order to
plan monitoring and to consult with him during the
pregnancy. The women reported that the ultra-
sound test which showed the fetus and the fetal
pulse gave them support and faith in their bodies.
In addition to emotional support they wanted the
physician to be serious, available, attentive and
understanding of their difficulties. They also noted
the importance of the support from the social
worker, their family and friends and especially
from their husband [11]. They derived great sup-
port from the relaxation exercises and from the
emotional support which alleviated their feeling of
bereavement and anxiety [5, 11].

There is a connection between pregnancy loss
and feelings of anxiety and depression after
RPL. The literature shows a strong connection
between the neuro-immune system, the emo-
tional state of the women and RPL [9, 10, 13].
One of the factors which cause stress and anxiety
in Israel is the social pressure from a society
which expects a couple to have a baby [3, 4].

Social Aspects of Recurring
Miscarriages

Social pressure is a significant factor in the cou-
ple’s emotional response after a recurring miscar-
riage [6]. A couple which experiences difficulty
in conceiving is inclined to relate to the fertility
problem as a kind of disease due to their experi-
ence of malaise, connected on the one hand to the
couple’s self image as being infertile, a feeling of
lack of control of the body, and on the other hand
to the social pressure connected to society’s
expectation that they have children [3, 4, 6, 8].
The difficulty in having a baby is interpreted as
not meeting the expectations of society, a culture
that values heterosexual parenting [19].
Reproduction is perceived as self-evident and the
primary and essential factor for a woman’s self-
realization, with motherhood perceived as her
central function. Many women in Israel put their
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commitment to their family above their commit-
ment to a career or to developing other fields of
interest 3, 4, 7].

A voluntary choice not to have children is
almost inconceivable. Society sees such a choice
as socially deviant [3, 4, 7]. Studies show that
women who have experienced recurring miscar-
riages experience a personal and social crisis due
to the stigma. A woman who despite efforts to
have children sees herself as one who is not
whole, is damaged and sometimes even inferior.
This feeling spreads and infiltrates aspects of her
personal and sexual identity and all aspects of
life. The stigma of infertility causes couples to
try to hide their condition [3, 4, 8].

The health care system needs to respond to the
emotional stress, depression and anxiety of these
RPL women and recommend emotional counsel-
ing without the harmfulness of a diagnosis of
mental illness [11, 12].

Emotional Support After RPL

Support Tools

Women occasionally are reluctant to seek emo-
tional support due to a feeling of being labeled
mentally ill [11]. As the literature shows, emo-
tional support for women after RPL is related to
many areas in a woman’s life. There are many
ways to tender support. In this paper we will
describe a number of useful tools.

1. NLP (Neuro Linguistic Programming) and
Guided Imagery.

2. CBT (Cognitive Behavior Therapy).

3. Mindfulness Based Stress Reduction MBSR.

It is possible to use one method or to use them
in combination according to the patient.

The literature stresses that women with RPL
can experience trauma, anxiety, depression, and
even PTSD [13]. Studies show that there is an
improvement in the emotional state and a decrease
in the stress level in therapy for anxiety disorders
and PTSD using NLP and CBT [20]. There are no
articles describing the use of these methods spe-
cifically for treating women with RPL.
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NLP (Neuro Linguistic Programming)

and Guided Imagery

NLP is a scientific method whose aim is to help a
person achieve a change in his perceptions and
experience. It is a collection of processes observed
in areas of the brain (neurology) and in the use of
language (linguistics) and their programming (the
manner in which such information is organized in
the brain). This method was developed in the
1970s by Professor John Grinder, a linguistics
professor and Dr. Richard Bandler a computer
specialist and a psychotherapist [21-23]. They
determined the concept of NLP.

The term NLP is comprised of:

N-Neuro reflects the nervous system (the
brain) through which our experiences are pro-
cessed by the senses: vision, hearing, touch,
smell, and taste. They are processed and trans-
lated into experiences. For example, when we
watch a movie and cry the information is com-
prehended through the senses of sight and hear-
ing and it is translated into an experience which
stimulates our neurological system [22, 23].

L-Linguistic—comprises verbal communica-
tions, how we express our thoughts and feelings;
how language structures reflect internal and exter-
nal communications which include thought pro-
cesses and oral communication as formulated by
the person. It is possible to express the same idea
in a number of ways where each way creates a
different experience. For example, you can say to
a woman with unexplained RPL that it is a great
challenge to succeed in achieving a live birth. Or
you can say to her that although her miscarriage is
a result of unexplained reasons experience shows
that in similar situations over 75 % succeed in
having a successful pregnancy with a live birth.
The same statement but the experience is differ-
ent. When the experience is different the neuro-
logical system responds differently [22, 23].

P-Programming—The encounter between
what is understood by the neurological system
through the five senses, and from language. The
programming organizes the results of the analy-
sis of neurological and linguistic events [22, 23].

NLP serves as a diagnostic tool and treatment
method for problems requiring a change in behav-
ior and habits, phobias, anxieties, PTSD, allergies,
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transferring excellence, etc. This therapeutic
approach works within a short time and the therapy
is very brief [23]. In the case of Bigley [22] it was
found that the treatment by NLP effectively dealt
with patients who suffered from anxiety attacks
and claustrophobia during MRI testing [23]. In one
pilot study it was tested whether NLP could lessen
symptoms of PTSD among soldiers and those in
emergency services. Twenty-nine subjects partici-
pated in the study. Their level of anxiety and
depression was tested before and after the interven-
tion which included a variety of NLP techniques. It
was found that the anxiety level decreased signifi-
cantly after the NLP consultation [20, 21].

NLP uses the healing power of the imagina-
tion. The human brain does not make distinctions
between the real and the imaginary. In many dif-
ferent studies similar neural responses have been
observed (using MRI) whether the action was
purely imaginary using all the senses or it was
something that happened in reality. In both cases,
the brain chemistry changes and organizes cells
and the connections between the cells to create
appropriate motor or verbal skills, in order to per-
form the same action [24, 25]. A woman with RPL.
begins to write herself a “script” imagining a vari-
ety of future catastrophes. Understanding that the
brain does not distinguish between the imaginary
and the real allows us to help women imagine for
themselves better scripts which improve the neu-
rological system and improve their chances for
success [24-27]. Through NLP and guided imag-
ery people suffering from depression and anxiety
can be treated and supported using tools which
identify their internal resources and strengthen
them. The use of imagination to raise conscious-
ness and achieve personal well-being has been in
use for a long time in the therapeutic professions
treating both body and soul [25-27].

Cognitive Behavior Therapy (CBT) is a treat-
ment aimed at lessening psychological distress.
The treatment is goal oriented. The cognitive
behavior approach diagnoses the psychological
problem according to measurable criteria based
on research and defines the success of the treat-
ment according to these criteria. The treatment is
brief. The patient is an active participant in the
treatment process [28].
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CBT is a technique which emphasizes the
connection between an event, its meaning and its
emotional and behavioral consequences. The
basic assumption is that thought is the interpreta-
tion of the event. The thought creates emotion
and the emotion generates behavior. From the
beginning of the treatment the therapist shares
the logic of the therapeutic process with the
patient aiming to make him an active partner in
the process and to be aware of its results.

CBT therapy is found to be effective in a wide
variety of problems such as different anxiety dis-
orders, depression, eating disorders, and PTSD
[28]. The aim of the treatment is to teach the
patient to pay attention to negative feelings and
thoughts, to deal with them and regulate them
while simultaneously paying attention to positive
feelings and to grant them significance [28]. The
thoughts which accompany a woman with RPL
are generally negative. Mostly the woman feels
“certain and believes” that she is not able to stay
pregnant and will not be able to and therefore she
miscarries. This kind of thinking is accompanied
by negative feelings of fear and anxiety concern-
ing another failure, frustration, anger, loss, despair,
depression, lack of self-esteem [11, 17, 29].

The main goal of cognitive therapy is to assist
in understanding the thoughts behind the emo-
tions. This understanding allows for the construc-
tion of new alternate ways of thinking which cast
doubt on the negative thoughts. This leads to bet-
ter feelings and a reduction in feelings of unwor-
thiness, fear, anxiety, depression, and more [28].

Mindfulness

One of the first to develop the idea of mindfulness
in the west is Prof. Jon Kabat-Zinn. Kabat-Zinn
developed a therapy method, MBSR-Mindfulness
Based Stress Reduction, to deal with emotional
pain and anxiety. The method involves group
work for 9 weeks training in meditation and exer-
cises derived from cognitive behavior psychol-
ogy. Studies show that Mindfulness improves the
state of health by reducing depression and anxi-
ety. People who practice Mindfulness meditation
daily are more self-aware; they are calmer and
exhibit fewer symptoms of stress and burnout at
work [30].
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Mindfulness exercises are exercises which
allows one to enter a state of consciousness of
“paying attention aiming at the present moment
without judgment and without reaction,” a state
in which one listens to what catches ones atten-
tion at the moment—‘“outside” (such as a sound,
wind) or “inside” (such as physical feeling, emo-
tions, or thoughts) and adopting an approach
which does not judge or classify [30, 31].

Supportive Processes for Women

with RPL

Women in therapy at the RPL Clinic at the Soroka
Medical Center in Israel undergo a comprehen-
sive evaluation as to the reasons for the RPL. These
women receive treatment according to the results
of the evaluation such as Tender loving care
(TLC) which includes personal attention, empa-
thy, listening and availability of treatment, partici-
pation in decisions regarding the treatment
program, support from the clinic’s entire staff and
the participation of the husband [12]. In addition
at the beginning of the therapy it is suggested that
she seek emotional support from psychotherapists
and practitioners in CBT, NLP and Guided
Imagery. The treatment aims to reduce anxiety, to
treat depression, and to improve her sense of well
being and that of her husband.

During the treatment and support for women
with RPL each of the methods can be used indi-
vidually or in combination. The decision as to
which method to use depends on each specific
woman, her difficulties, her emotional state, and
her coping resources.

From the accumulated experience of working
with the women who come to us we have dis-
cerned a number of key problems. These women
come with high anxiety; they are desperate and
angry. They have lost confidence in their bodies
as well as in their physicians. They no longer
believe they have a chance to conceive and carry
a child to term. Most of them have been running
from one medical center to another, from one doc-
tor to another. They are very critical of themselves
and of their surroundings. They describe feelings
of loneliness and of being misunderstood. These
women will tell you they have an understanding
supportive husband, but in fact he does not exactly



174

understand what they are really going through and
they do not exactly tell him everything. They
want to become pregnant and are afraid to.

Here are some of the stories we have heard
during our meetings with these women.

Patient “A” came for emotional support in the
11th week of her present pregnancy. She has
three living children and has had three miscar-
riages. She reports that since the last miscarriage
a year earlier, she is afraid, anxious, and doesn’t
sleep at night. She says “I see pictures of the mis-
carriage, the blood, the fetus suspended on the
cord emerging from the vagina over the water in
the toilet. I feel helpless, out of control and disap-
pointed...I feel a compulsive need to check the
pulse of my fetus every day.”

Patient “B” came in for support 3 months after
her third miscarriage. She seems confused, anx-
ious, with heart palpitations and stomach aches
and does not believe in her ability to become a
mother. She says, “I am very angry with myself, I
did not look after myself as I should have, I
worked too hard, I am irresponsible.” When asked
what she wants from the treatment she says, “I
want to stop having these negative thoughts about
pregnancy and myself. I want to believe that ‘I
will be a mother’...I feel damaged, that I am not
good enough, I don’t deserve what is happening
to me...I feel disappointed, I hate myself and the
others who succeed in getting pregnant.”

Patient “C” was a religious woman who came
for emotional support one and a half months after
her third miscarriage which occurred in the 10th
week of her pregnancy. “I feel that everyone is
expecting me to be pregnant already. When they
meet me that is their first question...Everyone
looks at my stomach.” She says “I went to the
E.R. in the 10th week because of a bloody dis-
charge. During the ultrasound the doctor said to
me that there was no fetal pulse. I felt that I
wanted to die. I said to the doctor that I wanted to
die and started to cry. I felt hopeless; it was hard
for me to look at pregnant women or babies. I am
terribly anxious that it will happen again.”

Patient “D” came for emotional support 7
months after an induced abortion in the 23rd week
due to a genetic defect. The patient is a carrier of
a defective gene. She was in great distress and
said “I have a defect, I am defective, things are
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not as simple as I would like, I am afraid of my
next pregnancy. I am no longer naive and do not
think that pregnancy is a happy time full of love
and happiness and thoughts of motherhood. I feel
helpless. I am afraid of the next pregnancy.”

The working assumption is that these women
need emotional support personally customized so
that they can function from day to day and so that
they are able emotionally and physically to deal
with their next pregnancy. The therapeutic contract
promises emotional support but does not commit to
a successful pregnancy despite the fact that the
majority of women do conceive and give birth.

We defined a number of therapeutic targets:

1. To alleviate anxiety and anger aiming to allow
the person to function normally day by day.

2. To explain the relation between thoughts,
emotions, and behavior.

3. To provide a simple explanation of the inter-
actions in psycho-neuro-immunology, the
importance of peace of mind for the success
of the process.

4. To help the patient restore her faith and love in
herself and her body.

5. To help the patient believes in her doctor and
the treatments offered.

6. To treat PTSD if diagnosed (Table 12.1).

Table 12.1 Emotional support for women with recurrent
miscarriage

Therapeutic actions
offered

MBSR-, Guided
Imagery, NLP, CBT

Treatment goals

To alleviate anxiety and anger
aiming to allow the person to
function normally day by day
To explain the relation between
thoughts, emotions, and
behavior

Psycho-educational
explanation of the
process, its
significance and
importance

To provide a simple explanation
of the interactions in
psychoneuroimmunology, the
importance of peace of mind for
the success of the process

Psycho-educational
explanation

To help the patient restore her
faith and love in herself and her
body

Treatment goals and therapeutic actions offered

NLP, guided imagery,
CBT
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Rachel’s Story

Rachel was referred to us for emotional support
in the 8th month of her fourth pregnancy. In the
background was her first pregnancy which
resulted in a normal birth to a healthy baby.

Two years later she had a miscarriage in the
10th week. Three months after that she again
became pregnant. Her amniotic membrane is torn
and there was a decline in amniotic fluid in week
18 and 2 days later she miscarried. About a year
after this miscarriage Rachel turned to us to get
emotional support. Rachel appeared uneasy,
expressed high anxiety, her voice trembled and
she choked back tears. She said the obstetrician
referred her for emotional support to help her sur-
vive the pregnancy. She remarked that she could
not believe there was a chance for this pregnancy
to succeed and she so much wanted another child.
Rachel’s anxiety invaded all areas of her life. She
did not sleep well, she did not eat and she found
it hard to take care of her house. She found it dif-
ficult to communicate with her husband and was
afraid to go to work. She reported that she was
always checking for signs of a miscarriage,
checking to see if her water broke, if the pad was
wet or dry. In fact the experience of her last mis-
carriage was taking over her life.

As mentioned Rachel was under professional
monitoring by her gynecologist who took respon-
sibility for the medical side and was always avail-
able but also understood her need for emotional
support in dealing with her difficult mental state.

At the start of the treatment goals were set:
lessen anxiety, return her faith in mind and body
and to do everything possible for her to give birth
at full term.

The treatment began with two sessions per
week with telephone support anytime it was
needed. During the session we used methods of
NLP and MBSR, relaxation and Guided Imagery.
The aim was mainly to calm her down, to give
Rachel an interlude of quiet repose.

As aresource we reminded her of the birth of her
first daughter as proof that she can carry to term. At
first Rachel answered that she has no imagination
and this kind of treatment was not suited to her. This
is a recognized reaction at this stage and demands
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repeated explanations of the aim and process of the
therapy focusing chiefly on relaxation.

After two and a half weeks of therapy it was
suggested to try the Swish NLP technique to
change the scenario of failure. After mild relax-
ation exercises Rachel was asked to describe anew
her anxiety regarding her water breaking, the
moment when she realized that the pad was wet
with amniotic fluid. She described feelings of suf-
focation and irritability. Again we practiced easy
breathing and relaxation and then she was asked to
imagine a blurred picture in faded colors and then
create from this in her imagination another still
blurred image. After imagining the picture she was
asked to describe the scene that she would like to
see... What would she like to happen at the end?
What is the destination she wants to arrive at? At
first Rachel hesitated and refused saying she was
afraid to think about it. Then Rachel described
very carefully that she wants to see herself walk-
ing in her yard with a baby carriage accompanied
by her daughter Ronit. She was encouraged and
asked to give details, such as a description of the
yard where this was happening, the smells, the col-
ors, shapes, time of day, weather, and color of the
baby carriage. Rachel succeeded in imagining her-
self as if after the birth walking with her daughter
and the new baby in the carriage. At this point she
was asked to formulate from this scenario a still
picture. After we had two pictures, one blurry
associated with a bad experience (which led to
anxiety) and another picture of the future where
she is with a baby in a carriage. Using the Swish
NLP technique the dreadful picture is blurred and
the picture of a successful future is brought into
focus. We did this a number of times until the ter-
rible picture became blurred and disappeared.

The session ended and another appointment
was made 3 days hence. Rachel did not commu-
nicate with us during those 3 days. She came to
the session smiling and relaxed, reporting that
she had begun eating and sleeping normally, and
had stopped checking the pads.

Rachel gave birth in week 39 to a healthy
wonderful infant. Three weeks later she came to
thank us and brought us a picture of herself, with
the baby in a carriage and her daughter at her side
in the yard of their house.
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Conclusions

The experience of RPL represents about 5 % of
all pregnancies [9, 10, 12]. There are many fac-
tors contributing to RPL but today there is much
more awareness of the woman’s psychological
state and its effect on her mental health and on
those coming in contact with her. Today there is
also more appreciation of the connection between
a woman’s mental state and the risks of her hav-
ing another miscarriage [12].

Recurrent miscarriages can cause psychologi-
cal trauma and other emotional phenomena such
as anxiety, depression, denial, anger, marriage
problems, and PTSD. RPL women see them-
selves as inferior and defective. Pregnancy loss is
always accompanied by a sense of bereavement
and loss of confidence in the body’s ability to
carry a baby to term [5-7]. The human socializa-
tion process prepares a person for parenting.
Failure to bring a child into the world is con-
nected to one’s ability to fulfill one’s personal
right to be a parent. When a woman experiences
recurrent miscarriages she feels anxiety and help-
lessness regarding her ability to realize her rights
as a mother. She also feels frustration in face of
society’s expectation for her to become a mother.
In this situation she can experience emotional
pain, a feeling of losing control, and helplessness
[2, 6, 7]. These women experience a great con-
flict between their desire to be pregnant and the
difficulties in coping with a pregnancy. Each new
pregnancy finds them anxious and uncertain
about their chances of success. Being pregnant in
such a condition increases the risk of miscarriage
and a miscarriage is seen as a disaster. A deep
understanding of the needs of these women
demands the formation of a support system.

Emotional support methods for these women,
such as NLP, CBT, MBSR, relaxation, and
Guided Imagery assist them in lessening anxiety
and relieving depression by strengthening their
ability to develop their inner resources which will
help them get through another pregnancy with a
feeling of confidence and faith in the process. If
the treatment for recurrent miscarriage fails after
the woman has received emotional support to
reinforce her inner resources there is a good
chance that she will cope with the loss more
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effectively and it will be less traumatic due to her
being more resilient and better at coping rather
than dealing with the situation from a position of
weakness. This topic is currently being studied.

Psychological support after RPL increases in
importance with the understanding of the psy-
choneuroimmunology axis which shows a strong
association between the woman’s anxiety and her
immune system and which increases the chance
of miscarriage. It has been found that a spike in
the hormones connected to stress can reduce the
blood supply to the fetus and can even influence
fetal blood cell development thereby increasing
the probability of miscarriage [12]. In addition,
support is crucial to the woman’s general well-
being and her daily functioning.

Today’s medical services are becoming more
aware of and are taking into account the psycho-
logical aspects of RPL. At the Soroka Medical
Center in the RPL Clinic a process has begun to
locate those women who are suffering from psy-
chological distress and referring them for psy-
chological support outside of the hospital.
Experience shows that women who get such
emotional support experience less anxiety and
are more able to cope with their next pregnancy.

Mental aspects research on recurrent preg-
nancy losses has not yet been performed ade-
quately. This important issue deserves to be
explored in terms of emotional and mental state
of women, as well as in terms of methods and
approaches to support women with recurrent
pregnancy loss. Those studies raise awareness of
health workers including doctors, nurses and
social workers to the special needs of these
women. It is very important that health care
workers include in their treatment program, not
only medical treatment to achieve live-birth but
also emotional care support.
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Hildee Weiss

As a three-time survivor of pregnancy loss, I know
all too well the pain and heartbreak that come with
losing a much-wanted pregnancy. I say “survivor,”
because pregnancy loss is indeed a loss that is not
only experienced in the present state but is a loss
that has to be overcome and a loss that has a past,
a present, and a future. It is a loss that is all too real
and a loss that knows no bounds when it comes to
race, religion, and social group. It is a loss that I
have personally experienced and known three
times within the course of a 5-year period. For bet-
ter or for worse, I call myself a survivor.

Nothing prepared me for the blow that hit me
each and every time I was told that my pregnancy
was lost. Nothing prepared me for the aftermath
of my loss, when I was expected to move onward
and upward. And nothing prepared me for the
silence that was so deafening, when I so desper-
ately needed to be heard and at the same time
hear from others.

I was 25 when I became pregnant for the first
time. I had been married for four and a half years
and my husband and I were eager and excited
about becoming parents. While I didn’t “feel”
pregnant and I had been spared the horrors of
morning sickness, [ embraced this special time in
my life. I had always loved children—babies,
especially—and I couldn’t wait to have a child of
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my own. I bought maternity clothes in my 10th
week, keeping the price tags on and I looked for-
ward to wearing them once we officially
announced my pregnancy. Both my parents and
my husband’s parents knew of my pregnancy and
they shared in our excitement. We kept the news
quiet from our siblings and friends for the first
trimester but we knew that they would be
delighted with our news. My husband and I
talked about names but didn’t pick anything out
of superstition. I just needed to get through the
12-week visit with my doctor, knowing every-
thing was fine with our baby, and then we could
go public and start our planning. It was just a
matter of days until we could reveal our news and
we couldn’t have been more overjoyed.

I had known a few close friends who had suf-
fered a first-trimester miscarriage, so going into
my 12-week visit with my ob/gyn, I shared my
nervousness about seeing my baby’s heartbeat
for the first time. I was sure everything was fine
and I would see the fluttering and beating heart
but until I saw it for myself I was anxious. My
doctor examined me and checked the heartbeat
but there seemed to be some kind of problem that
I didn’t understand with the equipment. I was
told to go to the radiologist next door, all the
while unaware that anything was wrong. (In my
mind, I was going to the radiologist for an ultra-
sound with a “better view.”) As it turned out, the
office was closing and I was told to return first
thing in the morning with my husband. I never
suspected anything was amiss. In my mind, it
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was simply a matter of waiting a few hours until
we would know that everything was fine and we
could finally share our excitement with our
extended family and friends.

We went back the next morning, as eager and
excited as the previous day, if not more so. The
radiologist performed the ultrasound and deliv-
ered the blow that broke my heart in half. “Your
fetus isn’t viable.” Huh? I thought. The radiologist
added, “There is no heartbeat. Your baby is dead.”

Not viable. No heartbeat. Dead. Everything
was a blur after hearing those cold and cruel
words; yet I remember that day from more than
20 years ago as the day that I was forever changed.
I'had aD & C that afternoon and was un-pregnant
once again.

I can look back at that time and say that my
husband and I got through our loss but it came
with so much heartache. Losing my first preg-
nancy didn’t just mean losing the baby I was
carrying. It meant losing someone I would never
meet; someone who was a part of something my
husband and I created together and someone I
would never know. It meant losing my innocence
as that day etched as March 1, 1994, meant I was
hardened by my pain yet broken by my grief.

The hospital stay was somewhat of an out-of-
body experience, in that I was there experiencing
everything physically and emotionally and yet I
was raw and not yet feeling the grief that would
soon overwhelm me in the coming days, weeks,
and months. It was as if I was standing in the corner
of my hospital room and in the operating room,
observing it all but not feeling it sink in. I was a
bystander and a witness to all that was happening
around me and yet there was absolutely nothing I
could do to stop or go back in time.

The sinking-in part is what I can recall most of
all and to this day what I recall with the most
pain. There was so much I needed and there was
so little I received. Life went on even though I felt
I couldn’t. I left the hospital empty-handed. I was
no longer pregnant and I had nowhere to turn,
other than going back to my home and resuming
my life once again. There was a follow-up
appointment scheduled with my doctor to make
sure that everything was back to “normal” physi-
cally. There was no follow-up appointment with
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anyone at all to make sure that everything was
back to “normal” emotionally.

I had questions for my doctor; yet I was told
that the miscarriage was “one of those things and
probably wouldn’t happen again.” (It did happen
again and a few years after, a third time. And
because I had healthy, living children that came
in between the losses, nothing was ever ques-
tioned or addressed regarding the cause or reason
for my losses.)

I needed answers from my doctor and I didn’t
get them. I needed to know why I lost my baby
and I needed to know what to do so that it didn’t
happen again. I needed words of support from her
on that terrible day when she eventually confirmed
the radiologist’s diagnosis and told me that I
would have to have a D & C. I understand that she
sees this happen on a regular basis as the statistics
in 1994 claimed that 1 out of 4 pregnancies ends
in a loss. I recognize that it is a part of her job and
yet this happened to ME and it affected ME. 1
needed her to offer me a hug or some words of
comfort during my hospital stay and I needed her
reassurance in the aftermath. I understand that she
is a doctor and I am a patient but for just a few
moments I needed her to reach out to me, woman
to woman. I needed to know that yes, this hurts
and it will continue to hurt but it is a hurt that is to
be expected and it is a hurt that will eventually
lessen with time.

I needed some direction to deal with my grief;
unfortunately, I was given very little. While I was
given home-going instructions to deal with the
physical recovery of my miscarriage, I was given
nothing to prepare me emotionally for the after-
math of my loss. I was told nothing about support
groups at the local hospital where I had my
surgery nor did I hear about anything offered at
the two other nearby hospitals. I wasn’t told
about any pregnancy loss websites that existed
and to be honest I didn’t think to look for
resources online that could offer me names of
books to read for answers. I think what I wanted
most was to hear from others who had been
through a miscarriage and tell me that what I was
experiencing—the guilt, the anger, the sadness,
the questioning of my faith, the isolation—was
normal and to be expected.
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I didn’t have many people to talk to and identify
with my grief. My friends and family members
were hearing about my miscarriage at the same
time they were learning I had been pregnant. They
all said, “I’'m sorry” and that offered me consola-
tion. What I was also hearing (and this was some-
thing that would be said over and over again) was
“I’m so glad to hear you were pregnant.” The first
time someone said that to me, I didn’t think much
of it but then after hearing it a second time, a third
time and so many times after that, I got angrier and
angrier. I felt the same way when people told me
that it was better to miscarry now than to lose the
baby later. I know everyone meant well but the
words were more harmful than helpful. Why was
the news of my miscarriage a good thing? And
what difference does it make if I lost my baby at 12
weeks instead of 24 weeks?

The friends who had suffered miscarriages in
the past had gone on to have healthy babies and I
didn’t feel right approaching them with questions.
My siblings had, thankfully, never experienced a
pregnancy loss and so I couldn’t expect them to
understand what I was going through. My
husband’s brother and his wife did go through a
miscarriage but I didn’t feel comfortable talking to
them and bringing up what I knew to be a painful
time in their lives. I was hesitant to talk to my
mother and mother-in-law as they had been so
excited about my pregnancy and then so devastated
when I miscarried. I had an aunt, with whom I had
always been close, who confided in me about her
own miscarriage. It was only with her and with my
husband that I felt I didn’t have to grieve in silence.
They listened to me, they wiped my tears, and they
truly understood my pain.

I went on to have two additional pregnancy
losses and I have been blessed with five beautiful,
healthy children. The second time I miscarried, I
had been eight and a half weeks along and I had
two very young children. When I suffered my
third loss, I had been almost 6 weeks along and I
was a mother to three children. While each loss
occurred earlier on in the pregnancy than my first
miscarriage and I did have living children to offer
me a ray of comfort, I was nonetheless devas-
tated. I heard the words, “at least you have other
children” and “this was probably too much for

181

you, what with two small kids to run after.” A part
of me just took it and didn’t respond, as I know
that as with my first miscarriage, people meant
well and they were merely trying to offer me com-
forting words. The other part of me wanted to
scream that “yes, I do have a toddler and an infant
AND I was looking forward to having this next
baby.” The loss is no easier with living children.
There is no “easy” about pregnancy loss.

On the anniversary of what would have been
my due dates, I spend a lot of time thinking about
that baby I never birthed and the child I never had
the chance to nurture and know. September is
particularly a difficult month for me as I remem-
ber two of my “angels” within less than 2 weeks.
I cry a bit, I ponder over the what-ifs, and I
remember all too well those fateful days in 1994,
1997, and 1999, when I was told that those preg-
nancies had come to an end.

I have moved forward with my life and I am
now in a place where I can look at my losses as
life experiences that have shaped me and changed
me in so many ways. I will never “get over” what
I’ve lost. I am able to write about my losses, I can
speak about my losses, and I can be a voice of
experience to other grieving parents facing preg-
nancy loss. I don’t pretend to be an expert but I do
have the personal experience and I want others to
know that they do not have to suffer in silence. I
can listen, I can share my experience, and I can
validate the loss. That is really all we grieving
parents want.

I use the term “we” as I will forever include
myself in the ties that bind me with bereaved
parents worldwide. It is a “club” I never imag-
ined [ would join; yet it is a club that has enriched
my life through the friendships I have made with
other men and women facing pregnancy loss.
There is no turning back the clock on what I
experienced and I can only hope that I can offer
that voice of experience and be their advocate.
There are so many things we need and want when
we learn that our pregnancies have been lost and
I humbly make the following recommendations
and suggestions.

First, I would encourage all doctors, midwives,
and obstetrical nurses to have some training in
dealing with pregnancy loss, whether it is an early
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trimester loss, miscarriage, or stillbirth. There
should be courses in nursing/medical schools and
in the medical residencies for diagnosing and
treating pregnancy loss. Bereaved parents need
doctors, midwives, and nurses who can offer
empathy, support, and comfort in those moments
of diagnosing, treating, and recovering from a
pregnancy loss of any kind. When a medical
assistant comes to the room to check the patient’s
vitals, he/she should offer a simple “I’m sorry for
your loss.” When the doctor or midwife confirms
the diagnosis of a pregnancy loss, he/she should
offer words of consolation, avoid any blame,
assuage any guilt, and, to put it simply, be there.
We know that the practitioner’s time is limited
and there are other patients waiting in the next
examination room but we need your consider-
ation, your attention, and your understanding that
WE matter. The blow of a pregnancy loss is heart-
breaking as it is; recognize this and show us that
you understand and you will be there for us over
the coming days and weeks. Call your patient the
day after surgery and ask her how she is coping
and LISTEN. Ask her how her husband or partner
is coping. Let her know that you are there for her
if she has questions or concerns.

We need to hear that we are not alone and we
don’t need to grieve in silence and isolation. We
need to know that there are support groups in our
community and there are books and counselors to
offer us for resources. Every obstetrician and
midwifery office should have lists readily avail-
able. I would even go so far as to suggest that
there be something of a support system setup in
which patients who have previously experienced
pregnancy loss offer to be something of a support
system to a new grieving parent. I hesitate to
offer the word “sponsor” but in essence that is
exactly what I needed at my times of loss.

I would strongly recommend that when a
woman is admitted to the hospital with a miscar-
riage or stillbirth, she is situated as far away from
the neonatal ward as possible. She is coming to
say goodbye to a pregnancy and the one thing she
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does not need to hear is the sound of a newborn
baby’s cry. I experienced this personally when I
was admitted for a D & C and the sounds of a
crying baby still ring in my ears more than 20
years later.

A pregnancy loss packet would be most help-
ful for a grieving mother to take home. This could
include information about local pregnancy loss
support groups, a book, and a business card for a
social worker or counselor who specializes in
pregnancy loss. There are so many wonderful
resources that are available and they need to be
offered from the onset.

From our family members, friends, clergy,
and co-workers, we need you to validate our
losses. We do not want you to turn the other way
when you see us coming. We do not want you to
feel awkward and feel that you cannot acknowl-
edge our loss. We do not need to have our losses
trivialized or minimized. Whether we were five
days pregnant, 5 weeks pregnant, or 5 months
pregnant, we were looking forward to becoming
parents. Whether this was a first pregnancy or a
tenth pregnancy, we were excited about giving
birth and holding our babies. Please do not say
“it’s for the best” or “God had another plan” or
“You will have another one.” Losing a much-
wanted pregnancy is not for the best and there is
no guarantee that there will be another preg-
nancy. Please do not say “I can’t imagine what
you’re going through” because we hear it as
“this could never happen to me.” The one and
only thing you should say is “I’m so sorry for
your loss and I am here for you.” Leave it at
that. And when we come to you and we want to
talk and share our grief, be there for us. Listen to
us and let us cry and vent and say whatever we
need to say and be there for us. You don’t have
to offer words ... just listen and be there for us.
Do not tell it’s time to move on and urge us to
“get over it.” Pregnancy loss is not something
that one gets over. We will move on but it will
be on our time watch and not on anyone else’s
watch.
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Gershon Holcberg, and Maor Kabessa

Multifactorial Etiology of Recurrent
Miscarriage

Despite the great advance in recurrent miscarriage
(RM) research in the recent years, about 50 % of
the cases are still without known etiology, demon-
strating how much more information is needed.
Christiansen et al. [1] suggested changing the
methods and goals of our research in RPL.
Sporadic miscarriages happen in 10-20 % of the
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population and if recurrent miscarriage was
solely due to three sporadic miscarriages we
would expect a prevalence <0.5 %. However, the
observed prevalence is 1.4—1.8 % (defined as
three or more consecutive miscarriages). From
the 50 % with known etiology, the following rea-
sons were identified: uterine abnormalities,
parental chromosome aberrations, various endo-
crine disturbances, and antiphospholipid anti-
bodies. This multifactorial etiology is accepted at
the population level, but at the individual level
RM is considered to be monofactorial. Some of
the pathologies indeed are found in RM couples
in increased prevalence, but they are also found
in couples with completely normal fecundity [2,
3]. This and the fact that none of the quoted eti-
ologies exhibit a high sensitivity or specificity,
led a group of researchers to propose that RM can
be considered multifactorial in each couple.

Miscarriages Can Be Divided
into Fetally Caused and Maternally
Caused

Fetally caused miscarriages include all the chro-
mosomal aberrations, and account for 43 % of
the miscarriages in the normal population [4].
Abnormal trophoblast invasion and develop-
ment are included in maternally caused miscar-
riages. This impairment of the trophoblast
growth can be related to polycystic ovary syn-
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drome (PCOS) [5, 6], excessive prothrombic
events in the maternal vessels and the fetal—
maternal interface [7, 8], and local or systemic
immunological reaction to the fetus or tropho-
blast. Although anatomical abnormalities are
considered to be maternally caused RMs they
are not included in this model.

Biomarkers

Recognizing that autoimmune diseases, throm-
boembolic diseases, and PCOS are associated
with RM led to the investigation of nongenetic
and genetic biomarkers. Polymorphisms in
approximately 100 genes have already been
investigated. It is believed that those three dis-
eases are caused by many genes and environ-
mental factors—each of them contributes a
little, and they add up to the overall risk of
developing a disease. Once this total disease
risk has exceeded the disease threshold, the dis-
ease will become a reality. An interesting find-
ing is that many diseases are associated with
several relatively common genetic polymor-
phisms associated with modest risk of disease
and several rare polymorphisms associated with
higher risk of disease [9], and that carrying two
genetic biomarkers for RM results in a higher
overall total risk for RM than the additive risk of
each factor [10—12]. Despite some observations
that recognized the connection between some
polymorphisms and RM, no genetic polymor-
phism has so far proven unequivocally to be
associated with RM. Apparently, RM inheri-
tance happens through a multifactorial mode
and is not simply Mendelian [1].

Rull et al. [13] explain that the difficulties in
finding genetic biomarkers are due to differ-
ences in study designs, definitions of RPL and
control group, focus on RM women instead of
couples or placenta, low statistical power due to
small sample size, ethnic difference in risk vari-
ants, population-specific low-impact gene vari-
ants increasing RM risk in consort, contribution
of lifestyle and environmental factors on the
pregnancy course, and secondary pathways
affecting protein translation/metabolism lead-
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ing to discrepancies between genotype and
respective protein levels, e.g., Factor XII,
Protein Z [14, 15].

Implications for Research

Apparently, discovering new genes and other risk
factors that are strongly associated with RM will be
impossible, and small studies that will succeed in
doing so won’t be successfully replicated by subse-
quent studies. In order to successfully detect genetic
polymorphism with a weak but statically significant
association with RM, large sample size groups of
patients and controls must be included. In order to
screen for only one polymorphism, 1213 patients
and 1213 controls are needed [8]. Researchers must
also keep in mind the great genetic polymorphism
diversity among different ethnic groups when doing
meta-analyses, and include only patients from
related ethnic backgrounds. The importance of
combinations of genetic biomarkers for RM—
immunological, thrombophilic, and endocrine—
must be further investigated.

Implications for Clinical Practice

When a single risk factor for a patient with RM is
detected, the explanation given to the patient is
much easier, relieving for the patient and answering
the patient’s wish. However, as we saw, still, a great
percentage of patients are with unknown etiology.

According to Christiansen’s model, the opti-
mal future scenario is the condition where for
every couple, combining information about vali-
dated genetic biomarkers, their individual
strengths of association with RM, and their
degree of epistatic interaction, together with
information about relevant clinical factors into a
computer-based algorithm, will derive the etio-
logical fractions that are immunological, throm-
bophilic, endocrine, and fetal.

This knowledge will provide the clinician
with the optimal means of providing the treat-
ment that has been proven to be most efficient in
placebo-controlled trials in adequately selected
patients as discussed.
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Fig. 14.1 Defective receptivity, implantation, and/or
decidualization can lead to infertility. Deferred implanta-
tion past the window of receptivity can lead to misguided
embryo placement and implantation, resulting in placenta
previa, ectopic placentation (placenta accreta) or placental
insufficiency resulting in intrauterine growth restriction
(IUGR) and/or preeclampsia. Implantation beyond the
normal window can also give rise to spontaneous abor-

Window of Implantation

Human reproduction is very inefficient compared to
other mammalian species, with many pregnancies
being complicated or lost due to different disorders.
A new research field might shed light on the implan-
tation molecular events and try to understand some
of those pathologies and their connection to RPL.
Recent publications have shown that implanta-
tion is a complex process, with many perils waiting
to happen, such as preterm birth, IUGR, pre-

decidual *--

pio o o oo e,

Decidualization failure

Placenta accreta
Placenta previa

o Placental ______.. IUGR
insufficiency Preeclampsia
Spontaneous abortion
Al R Miscarriage
Recurrent pregnancy loss
? Preterm birth

Fetal death

2
Shallow invasion ~--# Preeclampsia

A
o1 Umbilical artery
e and vein
E \ | Chorionic  Intervillous
Trophoblast Wi\

villi space

Maternal vessels

Full-term birth
Uterine artery  Radial artery iy
and vein and vein

tion, miscarriage and recurrent pregnancy loss, leading to
infertility. Premature decidual senescence can lead to pre-
term birth and fetal death, whereas shallow trophoblast
invasion into maternal decidua and/or blood vessels can
lead to preeclampsia. [Reprinted Cha, J., X. Sun, and
S.K. Dey, Mechanisms of implantation: strategies for suc-
cessful pregnancy. Nature medicine, 2012. 18(12):
p- 1754-1767. With permission Nature Publishing Group]

eclampsia, placenta accerta, placenta previa, and
miscarriage, in a case implantation doesn’t occur in
its usual precise way (Fig. 14.1) [16]. Implantation
is composed of two key components: the embryo
and the receptive endometrium. This complex pro-
cess depends on cross-talk between the embryo
and the endometrium, and the very well synchro-
nized progesterone-dependent changes in the endo-
metrium to render it responsive to the embryonic
signals. The concept of the “passive” deciduas and
the “active” or “invasive” embryo is being
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challenged by recent research. Due to ethics issues
and inaccessibility of implantation sites in humans,
most of our knowledge of early pregnancy events is
based on animal models and in vitro models. The
window of implantation is a short time span start-
ing ~6 days after ovulation and can last up to 5
days, in which the blastocyst is competent and the
endometrium is at its receptive stage [17, 18]. In
humans, compared to other mammals, the tropho-
blast invasion is deep, thus ensuring the endome-
trium has decidualized and is now ready for the
embryo, can prevent failure in implantation, and be
“selective” for the embryo quality [19].

Decidualization is a postovulatory process,
driven mainly by the progesterone secretion from
the corpus luteum, in which the endometrium is
prepared for embryo implantation and pregnancy.
Human endometrial stroma cells differentiate
from fibroblast-like into secretory and receptive
decidual endometrial stromal cells. It happens
every cycle, during the mid-secretory phase, irre-
spective of pregnancy [20]. A novel hypothesis
named “menstrual preconditioning” might have
the answer for why the decidualization process
happens each cycle, ending in most cases in men-
strual bleeding and shedding of the decidua [21].

In “menstrual preconditioning” the repetitive,
short exposures to harmful stimuli to a degree
below the threshold for tissue injury will provide
some degree of protection from subsequent
injury—as will happen when the trophoblast
deeply invades into the endometrium during
pregnancy. It appears that decidualization grants
valuable characteristics to the endometrium,
including embryo defense against environmental
and oxidative stress, regulation of trophoblast
invasion, and protection of the uterus from
aggressive invasion by the embryo.

Only after the decidualization process do the
endometrium stroma cells have the ability to act as
biosensors of the embryo quality and react to low
quality embryos by shutting down production of
key implantation mediators and immunomodula-
tors such as IL-1b, -6, -10, -17, -18, eotaxin, and
heparin-binding EGF-like growth factor, thus pre-
venting it from implanting [22]. This process is
considered to be “embryo selection” in humans.
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What Happens When There
Is Impaired Embryo Selection?

Understanding decidualization’s important role led
to the idea that aberrations during the decidualiza-
tion and implantation might give rise to pregnancy
with embryos who would otherwise be rejected by
the decidua, resulting in early embryo loss. For
example, a study of 221 women attempting to con-
ceive demonstrated dramatic risk, increasing on a
daily basis, of early miscarriage if pregnancy was
established beyond the normal “implantation win-
dow” [23]. Correspondingly, recent observations
succeeded in identifying several differences
between women who suffer from RPL and no-RPL
women: Women suffering from RPL express lower
levels of mucin 1, an anti-adhesion molecule that
contributes to the barrier function of luminal epithe-
lium [24-26]. Another research showed different
levels of two maker genes: higher levels of prokl,
which encodes prokl, a cytokine that promotes
endometrium receptivity, and lower levels of pro-
lactin, a prototypic marker of decidualizing endo-
metrial cells [27].

It was also shown that decidualized endometrial
stromal cells from women who suffer from RPL
fail to discriminate between low and high quality
embryos when it comes to migrating towards the
embryo at the site of implantation, unlike non-RPL
women (as seen in Fig. 14.2) [28].

The lack of embryo natural selection might
provide an explanation for chromosomal and
nonchromosomal pregnancy failures.

Superfertility and RPL

One could describe clinical pregnancies as “the
tip of the iceberg” —representing only 40 % of all
conceptions, when 30 % of all conceptions are
lost before implantation and an additional 30 %
are lost before 6 weeks gestation [21].

The odds for a fertile couple to achieve preg-
nancy is ~20 % during one menstrual cycle,
defined as the Monthly Fecundity Rate (MFR),
odds that are considered to be very low compared
to other mammalian species [29].
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Normal fertile H-EnSCs

RM H-EnSCs

Fig.14.2 The migration zone after adding a high-quality,
low-quality or no embryo. The migratory response of
decidualized H-EnSCs from normally fertile (a—c) and
RM women (d—f) was analyzed in absence of a human
embryo (a, d), in presence of a high-quality embryo (b, e)
or a low-quality embryo (c, f). Phase contrast pictures
were taken 18 h after creating the migration zone. The
dotted line represents the front of the migration zone

Using the MFR, a mathematical model pre-
dicts that 74, 93, and 100 % of normally fertile
couples will achieve pregnancy in 6, 12, and 24
months.

Subfertility and superfertility have been
defined by MFRs of 5 % or less, and 60 % or
more, respectively [29]. According to the Tietze
Model, it has been estimated that 79 % of the
population is fertile, 18 % subfertile or infertile,
and 3 % superfertile [30].

This relative inefficiency is sometimes consid-
ered to represent a strategy dealing with embryo
chromosomal abnormalities, which is accepted
as the most common cause for miscarriage,
including recurrent miscarriage [31].

directly after its creation. As a reference for the position
of the embryo, the bottom of the plate was marked. The
arrows indicate the position of the embryo. All pictures
were taken with 25x magnification. [Reprinted from
Weimar, C.H., et al., Endometrial stromal cells of women
with recurrent miscarriage fail to discriminate between
high-and low-quality human embryos. PLoS One, 2012.
7(7): p. e41424. With permission from PLoS One]

Recent observations have shown that as
much as 40 % of the women with RPL can be
defined as superfertile, with time-to-pregnancy
(TTP) shorter than 3 months [27]. Rapid con-
ceptions are associated with risk of early preg-
nancy loss even in low-risk populations, which
can partly be explained by the lack of natural
embryo selection.

In summary, we might learn from the low effi-
cacy of human reproduction the role of cyclic
decidualization of the endometrium and its
importance.

Teklenburg et al. [22] coined the term “window
of natural embryo selection,” as it reflects the func-
tional role of decidualizing stromal cells in assess-



190

ing the implanting embryo’s quality, and moreover
the decidualizing stromal cells end the window of
endometrial receptivity and enable the mother to
dispose of embryos who are not “high quality.”

The most significant conclusion might be pre-
venting early pregnancy complications and fail-
ures by targeting the endometrial decidual
response prior to pregnancy or immediately after
implantation.

Heparin Use in Recurrent
Pregnancy Loss

Heparin is a very widely used injectable antico-
agulant and, according to the World Health
Organization's List of Essential Medicines, it is
one of the most important medications needed in
a basic health system [32].

It was originally isolated from canine liver
cells, hence its name (hepar is Greek for "liver") in
1916, but it wasn’t until the mid-30s that heparin
was manufactured in a safe, nontoxic form, easily
available, thus making it a popular anticoagulant.
In the human body, heparin is stored exclusively in
the granules of subsets of mast cells [33]. Although
it is used principally in medicine for anticoagula-
tion, its true physiological role in the body is still
uncertain, since blood anticoagulation is achieved
mostly by heparan sulfate proteoglycans derived
from endothelial cells [34].

Almost 100 years after heparin’s discovery,
nowadays best known for its first described anti-
coagulant ability, it is being researched for its
other abilities as well. Heparin is useful in RPL in
very specific indications but there is an option
that some other less-known characteristics of the
drug have impact on RPL outcome that come
from other medical fields. Heparin is believed to
possess many biological activities that include
the ability to modulate embryonic development,
neurite outgrowth, tissue homeostasis, wound
healing, metastasis, cell differentiation, cell pro-
liferation, and inflammation [33].

In this chapter we’ll see which of those attri-
butes is pertinent in the RPL clinic through hepa-
rin’s effect on different molecules in in vitro
studies and in vivo experiments.
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Heparin’s Effect on Different
Molecules

Although our knowledge about heparin’s anti-
coagulant properties has developed in the last
century, discoveries about heparin’s anti-
inflammatory features are comparatively new
(see Chap. 2 for elaborated information).
Heparin affects several molecules, including
cytokines, growth factors, adhesion mole-
cules, cytotoxic peptides, and tissue-destruc-
tive enzymes, many of which are crucially
involved in the inflammatory process. Each of
these proteins might be essential in better
understanding the inflammatory component
in RPL, and might help to decrease this
phenomenon.

During the process of implantation heparin,
and heparin-derived molecules, affect through
expression of adhesion molecules, matrix-
degrading enzymes, and trophoblast phenotype
and apoptosis [35].

LMWH was shown to increase matrix
metalloproteinase (MMPs) concentrations and
activity and reduce their tissue inhibitor
(TIMP) in a dose-dependent manner. Two of
those MMPs, a group of matrix-degrading
enzymes, were found to be necessary for the
embryo’s ability to degrade the basement
membrane of the uterine epithelium and to
invade the uterine stroma [36]. Additionally, It
was shown that LMWH induces an increased
decidual expression and secretion of heparin-
binding EGF-like growth factor (HB-EGF) and
reduced TNF-alpha-induced apoptosis [37].
LMWH induces activation of a DNA-binding
transcription factor that, once activated,
enhances HB-EGF expression [38]; heparin
has the ability to activate the EGF receptor in
primary villous trophoblasts [39].

During the first trimester, fetal and placen-
tal development takes place in a low O, ten-
sion environment, which is important to
prevent complications related to exposure with
normal concentrations of oxygen, such as pre-
eclampsia, IUGR, and miscarriage [40].
HB-EGF has an important role in preventing
hypoxic-induced apoptosis in the early stages
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of placentation. Heparin was also found to
prevent apoptosis in human trophoblasts trig-
gered by pathological and other stimuli
((IFN)-y, (TNF)-a, thrombin, staurosporine)
and activated survival signal transduction
pathways [39].

More information on the effects of heparin
on different molecules is elaborated in
Table 14.1.
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In Vitro Models Succeeded
in Showing Some of Heparin’s
Beneficial Effects

1. Dextran sulfate sodium (DSS)-induced colitis
symptoms in a mouse model were found to be
relieved by LMWH. It was found to inhibit the
expression of IL-1b and IL-10 in the intestinal
mucosa of DSS-induced colitis thus down-

Table 14.1 Proteins involved in the inflammatory response that are bound by heparin and related molecules

Examples of heparin-
binding inflammatory
mediators

(Patho)physiological
significance

Adhesion molecules Cell transport

Chemokines [137]

Growth factors [137] Tissue repair and repairing;
angiogenesis

Inflammatory cell recruitment
and activation; viral infection

Examples Comments

CDI11b/CD18 [132] |-

(MAC1)

P-selectin Specific residues that are
[133, 134] found in P- and L- (but not E-)

L-selectin [133] selectin are required for
heparin/heparin-sulfate
binding [135]. Inhibition of
selectin-dependent leukocyte
rolling by heparin and related
molecules is directly related to

sulphation [136]

RANTES, IL-8, -

MIP1, MCP1,

eotaxin

PF4 A minimum length of GAG
chain is required for binding of
PF4, a property that is
exploited in improving the
side-effect profile of heparin as
an anticoagulant [138]

PDGF, VEGF, -

TGF-p

FGF2 Binding affinity is related to

both length and composition
(L-iduronic acid content) of
the GAG chain [139]. FGF2
signal transduction requires
binding of heparin-sulfate (or
heparin) to both FGF2 and its
receptor. 2-O-sulphation is
essential for the former and
6-0-sulphation for the latter.
Therefore, selectively
6-0-desulphated heparin
competitively inhibits
FGF2-induced angiogenesis
[140]

(continued)
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Table 14.1 (continued)

Examples of heparin-

binding inflammatory (Patho)physiological
mediators significance
Enzymes [137] Digestion of tissue/ECM

structural components

Cytotoxic mediators [137] | Destruction of parasites;
tissue damage
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Examples Comments

Heparanase69 -
MMPs

Elastase cathepsin As well as directly binding
elastase and cathepsin G,
heparin is thought to modulate
the activity of these enzymes
through potentiation of their
natural inhibitor,

SLPI. Heparin binds SLPI
with greater affinity than
less-sulphated GAGs, although
within heparin, undersulphated
chains bind with the highest
affinity [141]

ECP MBP -

ECM extracellular matrix, ECP eosinophil cationic protein, FGF2 fibroblast growth factor 2, GAG glycosaminoglycan,
IL-8 interleukin-8, MACI macrophage 1, MBP major basic protein, MCPI monocyte chemotactic protein 1, MIP1
macrophage inflammatory protein 1, MMPs matrix metalloproteases, PDGF platelet-derived growth factor, PF4 plate-
let factor 4, RANTES regulated on activation, normal T-cell expressed and secreted, SLPI secretory leukocyte protease
inhibitor, TGF-p transforming growth factor-p, VEGF vascular endothelial growth factor

Reprinted from Lever R, Page CP. Nonanticoagulant Effects of Heparin: An Overview. Handb Exp Pharmacol.

2012;(207):281-305. With permission from Springer Science

regulating the expression of inflammatory
cytokine production [41].

2. When given after ischemia, heparin and
N-acetylheparin were found to reduce the extent
of myocardial injury associated with regional
ischemia and reperfusion in the canine heart, in
a mechanism of cytoprotection that is unrelated
to alterations in the coagulation cascade and
may involve inhibition of complement activa-
tion in response to tissue injury [42].

3. The effects of single administrations of aero-
solized heparin, LMWH, were examined on
antigen-induced airway hyperresponsiveness
and leukocyte accumulation in neonatal
immunized rabbits, and were found to signifi-
cantly inhibit the development of airway
hyperresponsiveness if given prior to antigen
challenge [43].

In Vivo Experiments

Several small clinical trials have shown heparin
can be helpful in several inflammatory diseases
thanks to its anti-inflammatory qualities.

1. More than 20 years ago, it was discovered that

inhaled heparin prevents exercise-induced
asthma when given to the patients 45 min
before their exercise. The researchers’ hypoth-
esis was that this non-anticoagulant ability
was more likely related to heparin’s modula-
tion on mediator release rather than to an
effect on smooth muscle [44].

. In a reported study, patients with ulcerative

colitis unresponsive to high dose corticoste-
roid therapy were treated with heparin.
Twelve out of 16 patients showed marked
improvement in the disease activity [45],
although meta-analyses of this and similar
trials have concluded that there is currently
insufficient evidence to support the use of
heparin for the treatment of active ulcerative
colitis [46].

. In a different study enoxaparin was shown to

be of benefit when given to COPD patients
and a significant increase in forced expira-
tory volume in 1 s (FEV1) over baseline was
observed. A possible mechanism is hepa-
rin’s ability to inhibit the activity of
neutrophil-derived proteases such as elas-
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tase and cathepsin G, or other neutrophil
activities including degranulation, the respi-
ratory burst, and processes involved in neu-
trophil trafficking into tissues. Given that
COPD is an airways inflammatory disease
with a predominance of neutrophils, the
researchers hypothesized that heparin may
have some therapeutic benefit in patients
with COPD [47]. More diseases affected by
non-anticoagulant attributes of heparin are
elaborated in Table 14.2.

Table 14.2 Conditions (other than thrombosis) in which
heparin has been reported to confer benefit

Condition level of evidence

Acute respiratory distress
syndrome/acute lung injury

Allergic encephalomyelitis
Allergic rhinitis
Arthritis

Asthma

Cancer

Chronic obstructive
pulmonary disease
Delayed-type
hypersensitivity reactions

Inflammatory bowel disease

Interstitial cystitis

Transplant rejection
Wound healing

Level of evidence
Animal models [142,
143]

Anecdotal report
(human) [144]

Animal models
Controlled trial (human)
Anecdotal report
(human) [145]

Animal models,
controlled trials (human)
Animal models, some
trials (human)

Some meta-analyses
Controlled trial (human)

Animal models

Some controlled trials
(human)

Human experimental
model of condition
[146]

Related molecule
(pentosan polysulphate)
used clinically [147]
Animal models

Various reports in
animals and humans

Reprinted from Lever R, Page CP. Novel drug develop-
ment opportunities for heparin. Nature Reviews Drug
Discovery 2002;1(2):140-148. With permission from
Nature Publishing Group

193

Heparin and Recurrent
Implantation Failure (RIF)

The term RIF has been used to describe IVF
treatment failure due to embryos’ failure to
implant. The ESHRE PGD consortium document
mentioned that RIF can be considered after more
than three high-quality embryo transfers or
implantation failure with transfer of >10 embryos
in multiple transfers with exact numbers to be
determined by each center [48]. A meta-analysis
with systemic review of the literature compared
the use of LMWH with placebo or no adjuvant
treatment in women with RIF undergoing IIVF/
ICSI. The results have shown that in women with
at least three RIFs, the use of LMWH during IVF
treatment improved the live birth rate in 79 %.
These results show that heparin might have a use-
ful and important role during IVF treatment and
more research should be done.

Heparin and Recurrent
Pregnancy Loss

The role of heparin and LMWH has long been
investigated and published, mainly in the con-
text of antiphospholipid syndrome and throm-
bophilia. As was shown in the LIVE-ENOX
study, prophylactic administration of enoxapa-
rin to women with RPL and thrombophilia was
found to be effective and safe [49]. Several
studies that investigated heparin’s role when it
comes to women who suffer with RPL with an
unknown etiology didn’t show heparin to be
beneficial, despite heparin attributes
described hitherto.

One research done in Israel in 2006 compared
live birth rates in women who suffered from
RPL. One group was administered enoxaparin
(LMWH) while the other received aspirin. No
statistical difference was found between the two
groups when comparing live birth rates, but a dif-
ference was shown between the live birth rates as
expected from the literature (60 % after three
pregnancy failures, 40 % after four pregnancy
failures) and their results in both groups with
more than 80 % live birth rate.
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In a study where enoxaparin was compared to
placebo when treating women with RPL with
unknown cause no significant difference in live
birth rate was found between the two groups
(66.6 and 72.9 %, respectively) [50].

A study that compared different treatment
methods for women with unexplained RPL found
no difference in live birth rate (written in brackets
after each group) when comparing treatment reg-
imens with aspirin (50.8 %), aspirin+(LMWH)
nadroparin (54.5 %), and placebo (57.0 %) [51].

In conclusion, heparin has a place of honor in
RPL treatment thanks to its anticoagulant ability;
heparin’s additional characteristics are the reason
for the conclusion that it might be useful in RPL
women who don’t have thrombophilia. Hitherto,
no conclusive evidence has yet supported this idea.
Further research and investigation are needed to be
sure that we do not inject heparin for no reason.

Involvement of Immunity
in Recurrent Pregnancy Loss

Pregnancy: A Balancing Act
of the Maternal Immune System

Pregnancy success requires suppression of the
mother’s immune system, enabling an immune-
tolerant state [52]. The maternal immune system
of endometrial and decidual tissues is primarily
composed of immune cell populations that are
myelomonocytic, T cells and decidual Natural
Killer (dNK) cells. dNK cells are thought to play
an important role, serving as the predominant cell
type in this process [53]. These immune cell pop-
ulations play an important role in placental tissue
development, fetal growth, and establishment of
immune-tolerance by secretion of various type-1
cytokines (IFN-y, TNF-a, TNF-, and IL-2) that
contribute to cellular immunity, and type-2 cyto-
kines (IL-4, IL-5, IL-6, IL-10, and IL-13) that
encourage humoral immunity.

The balance between type-1 and type-2 cyto-
kines is essential to the success of pregnancy [54—
56]. IFN-y supports remodeling of spiral arteries,
promotes immune tolerance by inhibition of pro-
inflammatory Ty17 cells, and encourages indole-
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amine 2,3-dioxygenase (IDO) upregulation in
myelomonocytic cells, which in turn induces Treg
FOXP3* and suppress CD8" T cells [53, 57, 58].
IFN-y also increases TRAIL-R expression on syn-
cytiotrophoblasts, and human trophoblasts express
FasL; both molecules can serve as a mechanism
for protection against dNK and T cells. TNF-a
mediates apoptosis of cytotrophoblasts and pro-
motes the formation of syncytiotrophoblasts [59].
IL-10 inhibits the secretion of IFN-y and TNF-a,
modulating trophoblast invasion and suppressing
Tu17 cells [60]. IL-10 also regulates the number of
myelomonocytic cells that are the main antigen
presenting cells in the decidua tissue (20-30 %
throughout pregnancy) and have a role in defend-
ing against microbes. Type 3 cytokines, such as
TGF-f, can regulate the balance between type-1
and type-2 cytokines. Secretion of TGF-f by
decidual myelomonocytic cells leads to inhibition
of dNK and prevents the killing of the cytotropho-
blast by dNK [61]. Other cytokines and chemo-
kines additionally have a role in placenta
development and immune tolerance. For example,
MIP-1a (CCL3) and MIP-1p (CCL4) are impor-
tant to attract and activate maternal immune cells,
while IL-8 promotes trophoblast migration.
GM-CSF regulates decidual leukocyte popula-
tions and enhances placental growth and differen-
tiation [62, 63] thereby, both type-1 and type-2
cytokines have a major role in regulating the
development of placental tissue and establishment
of an immune-tolerance towards the fetus.

Recurrent Pregnancy Loss and NK
Cells: Breaking the Balance

Recurrent pregnancy loss (RPL) was recently sug-
gested to be associated with superfertility. In a retro-
spective analysis of 560 RPL patients, Salker et al.
showed that 40 % of the women were considered
“superfertile,” relative to the prevalence in the total
population that is about 3 % [21, 64]. Superfertility
refers to a longer “Implantation window” [65]. This
interval in the menstrual cycle is a transient endo-
metrial state with a high receptivity for the adher-
ence of a blastocyst that is dependent on paracrine
signals from stromal cells to the immune cell popu-
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Fig.14.3 Human natural
killer cells interacting with
CFSE-labeled cervical cancer
(HeLa) cells (green) and
nuclei dye (DAPI blue).
Filamentus actin is labeled
with Phalloidin (yellow to red)
to show points of interaction.
Acquires using FV1000
(Olympus) equipped with
100x oil objective. [Confocal
Microscopy, Courtesy of Mr.
Uzi Hadad, Ben-Gurion
University of the Negev]

lations and is part of the decidualization process[66].
This prolonged blastocyst receptivity correlates
with early pregnancy loss and superfertility [21].
During the first trimester of pregnancy, dNK
cells are the dominant cell population and are
about 50-70 % of leukocytes (Fig. 14.3) [67-69].
dNK cells secrete IFN-y, TNF-a, GM-CSF,
IP-10, MIP-1ac (CCL3), MIP-1p (CCL4), IL-8,
VEGEF, PLGF, Ang-1, Ang-2, IL-10, and IL-1RA
[70, 71]. Decidual stromal cells can regulate
myelomonocytic cells and dNK cells by the
IL-33/ST2L/sST2 axis. Upon decidualization, a
mechanism that was disordered in stromal cells
of women with RPL [72], the IL-33/ST2 axis,
also promotes the temporal expression of recep-
tivity genes in stromal cells; failure to restrain
this axis leads to a longer implantation window
[72]. IL-33 promotes proliferation of stromal
cells, macrophages, and trophoblasts [73]. ST2, a
receptor for IL-33, is expressed on dNK but not
on peripheral blood NK cells (see Chap. 6 for
elaborated information). Culture medium from
decidual stromal cells inhibits the cytolytic activ-
ity of dNKs. Furthermore, it shifts the cytokines’
balance of dNK from type-1 to type-2 by down-
regulating the secretion of IFN-y and TNF-a, and
upregulating IL-10 [74]. In mice, administration
of IFN-y and TNF-a promote abortions and both
cytokines inhibit growth of human trophoblasts
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in vitro [55]. IL-33 also up regulates the expres-
sion of PCNA in stromal cells, a nuclear protein
that was shown to inhibit NK cell function by
interaction with NKp44 [75-77].

Moreover, it was shown that decidual stromal
cells and trophoblasts express ligands to DNAM-
1, NKp30, and NKp44, which are activation
receptors expressed on NK cells [71, 78].
Recently, it was suggested that women with RPL
have impaired regulation of pregnancy-related
cytokines [79, 80]. Analysis of peripheral blood
NK cells and their NKp30, NKp44, and NKp46
receptors (NCRs) expression compared to intra-
cellular cytokine expression (TNF-a, IFN-y,
IL-4, IL-10) after activation revealed a negative
correlation between NCRs’ protein expression
and intracellular cytokine. Furthermore, the cor-
relation between the mRNA expression of
NKp30, NKp46, and pregnancy-related cyto-
kines seems to be lost in placental tissue from
RPL patients compared to elective abortions.
Moreover, mRNA of IFN-y, TNF-a, and IL-10
was higher in placenta tissue obtained from spon-
taneous miscarriage patients [81, 82].

Depletion of NK cells in a murine model did
not have an effect on the outcome of pregnancy
[83]. However, in an IL-10 KO murine model, NK
cell activity was enhanced after LPS administra-
tion and led to pregnancy loss. Depletion of dNK
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or administration of anti-TNF-a or -IL-10 rescued
pregnancies [84]. These observations point to the
necessity of a balance between type-1 and type-2
cytokines, which in turn influence dNK cells activ-
ity and can lead to pregnancy loss [85].

Influencing the Balance: Target
for Therapy

Immunologic etiologies can be attributed to 40 %
of all RPL cases. There is a strong association
between pregnancy loss and type-1 cytokines
while a successful pregnancy is associated with
type-2 cytokines [54-56]. In a murine model of
antiphospholipid syndrome (APS), antiphospho-
lipid (aPL) Abs increased in decidual and sys-
temic TNF-a levels, which promote trophoblast
apoptosis, identifying TNF blockade as a poten-
tial therapy for the pregnancy complications [86].
TNF-a activity can be blocked with monoclonal
antibodies against the TNF-a molecule
(adalimumab) or against soluble TNF-a recep-
tors (etanercept) [87, 88]. TNF-a blockers admin-
istered with or without anticoagulants, or
anticoagulants +IVIG  treatments (control
groups), were given to women with RPL history
during pregnancy. The live birth rate of patients
who received TNF-a blockers was 71 %, whereas
the control groups showed rates of 19 and 54 %,
respectively [89]. The same trend was observed
in women undergoing IVF; TNF-a blockers
improve the implantation rate [90].

G-CSF was also found to have a positive effect
on RPL patients. G-CSF reduces the cytotoxicity
and IFN-y secretion of dNK cells, increases the
number of Treg cells, and reduces the synthesis
of various cytokines, among them TNF-a [91]. A
randomized controlled trial of women with RM
treated with G-CSF or a placebo showed that
G-CSF administrations increased the live birth
rate from 48.5 % (placebo group) to 82.8 %
(G-CSF group) [92]. In a second study, treatment
of RPL patients undergoing assisted reproductive
treatment (IVIG, LMWH, cortisone) with G-CSF
increased the live birth rate from 13 to 32 % [93].

The results of these few clinical studies reveal
the necessity of maintaining a balance between
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type 1 and type 2 cytokines in early pregnancy.
TNF-a inhibition seems to have much potential
in future clinical therapies.

RPL and Several Molecular Findings

Alijotas-Reig et al. list in their review three new
risk factors: microparticles, glycoproteins, and
leptin [94].

Microparticles—Microparticles (MPs) are a
heterogeneous group of submicronic phospholipid
vesicles, 0.1-1 pm in size, derived from different
cell types including platelets, endothelial cells, leu-
kocytes, and red blood cells besides several other
cell types and are found also in normal healthy con-
ditions. They are released from the cytoplasmic
membranes during activation or apoptosis [94, 95].
They represent subcellular elements for cell signal-
ing and intracellular communication in inflamma-
tion and thrombosis [96] and were found in
increased numbers in several prothrombotic condi-
tions such as deep vein thrombosis, pulmonary
embolism, and stroke [97]. This proinflammatory
attribute is believed to be due to MPs’ expression
of different anionic phospholipids such as phos-
phatidylserine [94]. MPs can also be found in
increased numbers in normal pregnancy [98, 99]
and in complicated pregnancy disorders, mainly
severe preeclampsia [100, 101], which was recently
discovered to be correlated to RPL in studies on
trophoblastic circulating MPs [102, 103].

It is still unclear if this increase in MPs is a
cause or consequence of RPL [94].

Glycoproteins—Glycoproteins expressed at
the fetal-maternal interface have been shown to
have immunomodulating effects. Human chori-
onic gonadotropin (hCG) and glycodelin (Gd)
are glycoproteins secreted in large amounts by
the trophoblast or the decidualized endometrium,
mainly during the first trimester of pregnancy
[104], but in RPL patients both proteins were
found to be downregulated [105, 106].

It was found that glycodelin and hCG both
inhibit the E-selectin-mediated cell adhesion, so
this could indicate a possible role of these pro-
teins in preventing leukocyte adhesion to the fetal
trophoblast [107].
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hCG—Our understanding of hCG has
improved a lot during the last 15 years.
Nowadays, we know that hCG consists of two
different forms with different actions [108]. We
will focus on the new immunological revela-
tions: Lymphocytes from pregnant women
express the hCG receptor gene [109]. High hCG
levels at very early pregnancy stages ensure reg-
ulatory T-cell migration to the fetal-maternal
interface, the contact site between paternal anti-
gens and maternal immune cells, where it
orchestrates the immunologic tolerance of the
fetus [110]. Thus, reduced expression of hCG in
patients with recurrent miscarriage affects the
process of fetal tolerance.

Leptin—The hormone leptin, a 16 kDa poly-
peptide, is mainly synthesized and secreted by
the white adipose tissue (WAT). Leptin, acting
on specific populations of neurons in the brain,
including hypothalamic, midbrain, and brain-
stem neurons, plays a central role in weight con-
trol by suppressing food intake and increasing
energy expenditure [111-113] and apparently it
also plays an important role in reproduction.
Mice that have leptin deficiency are infertile,
but fertility can be restored by injections of
recombinant leptin [114, 115]. Leptin and
receptor transcripts were identified in the vil-
lous and extravillous trophoblast [116].
Interestingly, Lage et al. showed that a group of
women who suffered spontaneous miscarriage
showed leptin levels identical to women post-
partum, but significantly reduced when com-
pared with the control group and women in the
first trimester of pregnancy, and significantly
lower than nonpregnant control women. As
these women were actually in the first trimester
of pregnancy when the miscarriage occurred,
higher levels of leptin should be expected [117].
The similar leptin values of post-partum and
post-miscarriage groups suggests that leptin
seems to be acting as an indicator that the preg-
nancy process has been stopped, either naturally
at term or pathologically some time earlier.
Larid et al. suggested that the significantly lower
concentration of leptin in women who subse-
quently miscarried suggests that leptin may play
arole in preventing miscarriage [118].
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Annexin 5

As mentioned, among the leading candidates for
the molecular basis of RPL are various inherited
hypercoagulation disorders that promote throm-
bosis, collectively named “thrombophilias.”
Among these disorders are carriers of either fac-
tor V Leiden (FVL) mutation or the factor 2
(Prothrombin) G20210A (PTm) mutation that
have proved by meta-analyses to be association
with RPL [7].

Annexin-V is a member of a family of
calcium-dependent phospholipid binding pro-
teins [119]. It shows the essential tetrad structure
and calcium-dependent phospholipid binding
and is one of the few annexins that can be found
extracellularly [120]. The annexin-V gene
(ANXADY) is located in chromosome 4q27, and
has several transcription options [121].
Annexin-V has been isolated from human pla-
centa [122], blood vessels [123], and other sites
as well. Annexin-V has anticoagulant activity
in vitro, which is based on its high affinity for
anionic phospholipids and its capacity to displace
coagulation factors from the phospholipid sur-
face [124] and/or its ability to downregulate the
cell surface presentation of tissue factor [124].

It seems that Annexin-V forms an antithrom-
botic shield on the apical surface of placental
syncytiotrophoblasts, and that it might be inter-
rupted by antiphospholipid antibodies [125].

Annexin-V and aPL

A well-known major risk factor for RPL is the
presence of circulating maternal antiphospho-
lipid antibodies (aPL) [126]. APLA syndrome is
marked by vascular thromboembolism or recur-
rent pregnancy losses, and by evidence for anti-
bodies against anionic phospholipid—protein
complexes in the plasma or serum of affected
patients. The pathophysiologic pathways of this
syndrome are not completely known [127].
Using atomic microscope, it was discovered
that in the presence of aPL antibodies and cofac-
tor, structures presumed to be aPL monoclonal
antibody—antigen complexes, were associated
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with varying degrees of disruption to the
Annexin-V structure, which is valuable for its
anticoagulant activity [128].

Rand et al. [125] revealed that once tropho-
blasts and endothelial cells were exposed to
antiphospholipid-antibody IgG, annexin-V levels
were reduced. The antiphospholipid antibodies
accelerated the coagulation of plasma on the tro-
phoblasts and endothelial cells. The reduction of
Annexin-V levels on vascular cells may be an
important pathway in the aPL syndrome.

Annexin-V and RPL

Bogdanova et al. [129] analyzed 70 German RPL
patients, all known to carry neither factor V
Leiden nor a prothrombin mutation, and found
that carriers of genetic variant, haplotype M2, in
the ANXAS5 gene promoter have two to four
times higher risk for RPL compared to two dif-
ferent groups of noncarriers. Apparently M2 hap-
lotype reduces the in vitro activity of the ANXAS
promoter to 37-42 % of the normal range.

Additionally, carrying the M2 haplotype of
the ANAXS gene was also found to be associated
with delivering small-for-gestational age new-
borns [130].

Miyamura et al. [131] genotyped 243 Japanese
women who suffered from RPL and 119 fertile
control women for 4 ANXAS5 gene promoter
polymorphisms. Very similar to the M2 haplo-
type for Western women, one haplotype was
found at a significantly greater frequency in RPL
women than in the control group. Homozygotes
of the SNP5 minor allele were more frequent in
the RPL group (p=0.02), and this genotype con-
ferred a sevenfold higher risk of RPL (OR=7.76).
These observations give rise to the thought that
variations in the ANAX5 gene leading to
Annexin-V structural change, or to its reduced
expression, could be responsible for the immuno-
logical and hemostatic phenomena that, together,
lead to fetal loss. Annexin-V is a potent antico-
agulant that serves a thrombo-modulatory func-
tion in the placental circulation. One explanation
might be that decreased expression of Annexin-V
on the surface of the trophoblast might result in
inefficient phospholipid shielding and hence in a
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potential enrichment of antigenic determinants,
leading to aPL generation. Another explanation
is that even in the absence of aPL, reduced
expression of Annexin-V can cause a hyper-
coagulable state in the intervillous placental
space [129]. Annexin-V might act as a genetic
marker for RPL, taking us one step further in
understanding and preventing RPL.
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