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Abstract
Recurrent pregnancy loss (RPL) is a multifac-
torial condition encompassing physical and
emotional burdens. Several risk factors con-
tribute to spontaneous miscarriage, most com-
monly through previous history and
chromosomal abnormalities. Other etiologies
include uterine anomalies, immunologic and
endocrine factors, thrombophilias, and envi-
ronmental pathogens. However, approxi-
mately half of all patients with spontaneous
pregnancy loss have no reason for these mis-
carriages (ACOG practice bulletin, 2001).
Those who experience two or more con-
secutive losses warrant further evaluation.
Assessment of each patient starts with a com-
prehensive history and physical examination,
karyotype testing, imaging of the pelvic struc-
tures, and detailed medical workup of possible
conditions. If a definite cause is identified,
treatment is focused on correcting the abnor-
mality. Psychological support may be crucial

and even therapeutic; patients should be
comforted that a subsequent live birth is possi-
ble with great success.
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1 Introduction

Sporadic pregnancy loss is common, occurring in
approximately 15–25% of all pregnancies
(Hatasaka 1994). Normally, a miscarriage is not
an anticipated event, and couples go through emo-
tional, physical, and traumatic experiences as a
result of this occurrence. Recurrent pregnancy
loss is one of the more challenging and difficult
aspects of reproductive medicine. According to
the American Society for Reproductive Medicine
(ASRM), recurrent pregnancy loss is a distinct
disorder defined by two or more failed clinical
pregnancies documented by ultrasonography or
histopathological examination and not necessarily
consecutive (Practice Committee of ASRM
2013). The European Society for Human Repro-
duction and Embryology (ESHRE) defines RPL
as three consecutive losses, not necessarily intra-
uterine (Kolte et al. 2015). At very early gesta-
tional ages (<10 weeks), most losses, whether
sporadic or recurrent, result from chromosomal
errors (Wilcox et al. 1988; Practice Committee
of ASRM 2012). As a result of increased preva-
lence of numerical chromosomal abnormalities
with advancing maternal age, the prevalence of
miscarriage increases with aging: <30 years of
age (9–17%), at age 35 years (20%), at age
40 years (40%), and at age 45 years (80%).
About 2% of pregnant women experience two
consecutive miscarriages, while <1% experience
three or more (Nybo Andersen et al. 2000). This
chapter evaluates the etiology, evaluation, and
treatment of recurrent pregnancy loss.

2 Etiology

Studies investigating RPL have identified several
attributing factors including genetic,
thrombophilic, anatomic, immunological, endo-
crine, infectious, and environmental causes. The
overall risk of miscarriage in the first pregnancy is
11–13%, and this risk increases to 14–21% in the
subsequent pregnancy after one miscarriage
(Stirrat 1990). Advancing maternal age is associ-
ated with increased rates of pregnancy loss.

Patients in this age group tend to have higher
meiotic chromosomal errors and increased risk
of aneuploidy, which contributes to higher rates
of losses. In fact the sporadic miscarriage rate
approaches 50% in patients above the age of
40 (Dunson et al. 2002).

2.1 Genetic Factors

More than half of all early pregnancy losses are
associated with chromosomal abnormalities.
Aneuploidies such as trisomies and monosomies
are the most common chromosomal number
errors found in sporadic miscarriages (Goddijn
et al. 2004). Triploidies, or the duplication of an
entire set of chromosomes, have been implicated
in RPL as well. Other chromosomal anomalies
include chromosomal rearrangements such as bal-
anced translocations, reciprocal (60%) and
Robertsonian (40%), which are observed in
about 2–5% of couples with recurrent miscar-
riages (Franssen et al. 2005). These are more
common in female fetuses, and translocations of
maternal origin are more likely to result in preg-
nancy loss as compared to those of paternal origin.
Less common chromosomal rearrangements con-
sist of inversions. Recurrent pregnancy loss as a
result of chromosomal anomalies is more com-
mon with: young maternal age at second miscar-
riage and/or a positive family history of two or
more miscarriages (Goddijn et al. 2004).

2.2 Thrombophilic Factors

Pregnancy induces a hypercoagulable state as a
physiologic mechanism to prevent postpartum
bleeding. Fibrinogen and thrombin levels
increase, while protein S decreases. Additionally,
changes in hormone levels cause venous stasis as
a result of enhanced compliance of the vessel
walls. Procoagulant microparticles, such as pro-
coagulant aminophospholipids, phosphati-
dylserine, and phosphatidylethanolamine, may
contribute to the hypercoagulable state and as
such may interfere with successful implantation
and fetal growth. Microparticles also cause
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apoptosis, platelet activation, and endothelial
stimulation leading to increased incidence of
pregnancy loss (Laude et al. 2001).

Although data on fibrinolytic factors and the
effect of recurrent pregnancy loss is sparse, there
seems to be a direct association between factor XII
deficiency and RPL. In studies, women with
recurrent miscarriage have shown decreased
levels of factor XII activity and prolonged acti-
vated partial thromboplastin time. Decreased fac-
tor XII activity contributes to reduced fibrinolysis,
increasing the likelihood of thrombosis (Sotiriadis
et al. 2007).

2.3 Immunological Factors

During pregnancy there is a state of immune tol-
erance toward the fetus and placenta. When there
is insufficient tolerance, spontaneous abortion or
infertility may ensue. Embryos contain both
maternally and paternally derived antigens. Pater-
nal antigens and immunomodulatory factors pre-
sent in semen are not recognized by the mother
and are protected by trophoblasts. When the blas-
tocyst is abnormal, paternal antigens are exposed,
creating an immune response from the mother.
Allogenic factors are thought to cause RPL in a
similar fashion to a transplanted graft rejection
(Hill and Choi 2000).

One particular immunological response that
can contribute to RPL is the presence of anti-
phospholipid antibodies. Antiphospholipid syn-
drome (APS) is the only immune condition in
which pregnancy loss is a diagnostic criterion for
the disease. Five to twenty percent% of patients
with recurrent pregnancy loss will test positive for
antiphospholipid antibodies (Parke et al. 1991).
Diagnosis of antiphospholipid syndrome is
outlined in Table 1 (ACOG practice bulletin,
2001). These antibodies react directly with phos-
pholipids; they affect the trophoblast by inhibiting
villous cytotrophoblast differentiation and extra-
villous cytotrophoblast invasion into the decidua,
inducing syncytiotrophoblast apoptosis, and initi-
ating maternal inflammatory pathways on the syn-
cytiotrophoblast surface. The decidua becomes
infiltrated with tumor necrosis factor alpha

(TNF-ɑ) levels, complement C3, and neutrophils
(Hill and Choi 2000). Overall, this alters the
immune cell prolife at the maternal-fetal interface,
causing pregnancy loss (Tong et al. 2015).

2.4 Anatomic Factors

Congenital uterine anomalies are present in
2.7–16.7% of the general population (Devi et al.
2006). Relevant Müllerian tract anomalies include
unicornuate, didelphic, bicornuate, septate, or
arcuate uteri. Septate uterus, however, is the
most common anomaly associated with preg-
nancy loss (Homer et al. 2000). In such case,
spontaneous abortions may be related to impaired
uterine distention or abnormal implantation.
Alternatively, decreased vascularity, increased
inflammation, or reduction in sensitivity to hor-
mones in the defect may affect implantation.

Table 1 Classification criteria for the diagnosis of anti-
phospholipid syndrome (Adapted from ACOG Practice
Bulletin No. 132 with permission)

APS is present in one of the following clinical criteria and
one of the following laboratory criteria are met

Clinical criteria

1. Vascular thrombosis

2. Pregnancy morbidity

(a) One or more unexplained deaths of
morphologically normal fetuses after the 10th week of
gestation by ultrasound or direct examination of the fetus

(b) One of more premature births of a
morphologically normal neonate before the 34th week of
gestation because of eclampsia or severe preeclampsia or
recognized features of placental insufficiency

(c) Three or more unexplained consecutive
spontaneous abortion before the 10th week of gestation
with maternal anatomic or hormonal abnormalities and
paternal and maternal chromosomal causes excluded

Laboratory criteria

1. Lupus anticoagulant present in plasma on two or
more occasions at least 12 weeks apart

2. Anticardiolipin antibody of IgG or IgM isotype in
serum or plasma present in medium or high titer (>40
GPL or MPL or >99th percentile), on two or more
occasions at least 12 weeks apart

3. Anti-β2 glycoprotein-1 antibody of IgG and/or IgM
isotype in serum or plasma (in titer greater than the 99th
percentile), present on two or more occasions at least
12 weeks apart

Diagnosis and Management of Pregnancy Loss 307



Depending on their location, leiomyomas may
alter the uterine cavity and impede implantation.
This may be due tomultiple factors including poor
endometrial receptivity of the decidua overlying
the myoma or due to degeneration and subsequent
cytokine release. Submucosal leiomyomas are
more commonly associated with recurrent preg-
nancy loss (Simpson 2007).

Intrauterine adhesions are created from granu-
lation tissue after trauma to the basalis layer. The
connective tissue formed may adhere to the uter-
ine walls, creating a physical barrier to implanta-
tion in the uterine cavity. Also known as
Asherman’s syndrome, this anatomic deformity
may lead to recurrent pregnancy loss (Pabuçcu
et al. 1997).

2.5 Endocrinologic Factors

There appears to be an association between
abnormal thyroid levels and pregnancy loss,
mainly high serum thyroid antibody concentra-
tions (thyroid peroxidase or thyroglobulin).
Although no direct cause has been identified,
excess thyroid hormone increases the risk of
miscarriage (Stagnaro-Green et al. 2004; Bellver
et al. 2008).

Poorly controlled diabetes mellitus causes
hyperglycemia, maternal vascular disease, and
adverse autoimmune factors. High values of
hemoglobin A1C (values above 8%) increase the
incidence of congenital fetal malformations and
the frequency of miscarriage (Ylinen et al. 1984).
Women with well-controlled blood sugars are not
at an increased risk of spontaneous abortion (Mills
et al. 1988).

Women diagnosed with polycystic ovarian
syndrome (PCOS) have a higher miscarriage
rate compared to the general population
(20–40% vs. 10–20%) (Glueck et al. 2002).
PCOS is known to be caused by sex hormone
abnormalities leading to premature or delayed
ovulation, poor endometrial receptivity, and dis-
turbances in synthesis, secretion, and action of
prostaglandins and ovarian growth factors.
Serum luteinizing hormone levels, testosterone
levels, and androstenedione concentrations are

all elevated, causing adverse effects on the endo-
metrium. Pregnancy loss is increased as a result
of alterations in these hormone levels (Rai et al.
2000).

Normal levels of prolactin aid in maintaining
early pregnancy and women with high circulating
prolactin levels have higher rate of recurrent mis-
carriages. Hyperprolactinemia may cause alter-
ations in the hypothalamic-pituitary-ovarian axis,
resulting in impaired folliculogenesis and oocyte
maturation (Hirahara et al. 1998).

Successful implantation and maintenance of
pregnancy requires progesterone (Practice Com-
mittee 2015). A possible but unproven cause of
impaired progesterone production is a defect in
corpus luteum function, also known as luteal
phase defect, which leads to failure of develop-
ment of a fully mature secretory endometrium
(Practice Committee to ASRM 2015). Altered
levels of progesterone may cause spontaneous
abortions. Several underlying conditions includ-
ing high prolactin levels and abnormal thyroid
function may lead to diminished levels of proges-
terone (Daya et al. 1988).

2.6 Infectious Factors

Many pathogens including Listeria mono-
cytogenes, Toxoplasma gondii, Chlamydia
trachomatis, Ureaplasma urealyticum, Myco-
plasma hominis, Cytomegalovirus, and herpesvi-
rus among others may lead to sporadic
miscarriages. However, there is no evidence prov-
ing that infections with these agents lead to recur-
rent pregnancy loss (Matovina et al. 2004). It is
possible that an active infection may destabilize
the balance of tolerance and rejection mentioned
earlier in early pregnancy. That imbalance may
cause multiple pregnancy losses in the form of
rejections.

2.7 Male Factors

Sperm aneuploidy and DNA fragmentation are
the main abnormalities found in sperm. Abnormal
DNA fragmentation is present with advanced
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paternal age and exposure to certain environmental
factors (exogenous heat, varicoceles, increased
reactive oxygen species in semen, and toxic expo-
sures). However, cytogenetically abnormal sperm
may be selected against during fertilization through
routine conception (Gopalkrishnan et al. 2000).

2.8 Lifestyle, Environmental,
and Chemical Factors

Cigarette smoking, obesity, alcohol consumption,
illicit drug use, and caffeine intake have been asso-
ciated with miscarriages. These factors seem to
relate to pregnancy loss in a dose-dependent fash-
ion. Smoking in particular has an adverse effect on
trophoblastic function. Chemicals including anes-
thetic gases, arsenic, aniline dyes, benzene, ethyl-
ene oxide, formaldehyde, pesticides, lead, mercury,
and cadmium are associated with sporadic sponta-
neous pregnancy loss (Christiansen et al. 2005).

3 Evaluation

Since spontaneous miscarriage can be a common,
sporadic event, evaluation of patients for recurrent
pregnancy loss should be initiated after two con-
secutive miscarriages or one second trimester loss.
Evaluation must begin with a detailed history and
physical examination with detailed description of
all medical conditions, previous surgeries, and
genetic and family disorders. Details of each pre-
vious pregnancy such as gestational age and iso-
lated characteristics must be evaluated in addition
to constructing a three-generation pedigree to iden-
tify possible heritable traits. Physical examination
should be comprehensive with attention to pelvic
organ abnormalities and signs of endocrinopathies
(Christiansen et al. 2005). Due to the increased
association of chromosomal abnormalities and
miscarriage, some have argued that RPL evaluation
should be selective rather than universal and only
performed if the products of conception of the
second miscarriage were euploid. Changes toward
use of selective RPL evaluation seem to have more
cost savings compared to universal evaluation
(Foyouzi et al. 2012).

3.1 Genetic Assessment

In addition to obtaining a detailed history with a
three-generation pedigree, karyotyping of couples
is part of the evaluation for RPL. Parental karyo-
types detect translocations or mosaic patterns that
might be passed down to the fetus. Major chro-
mosomal abnormalities are five to six times more
likely to be detected in couples experiencing
recurrent pregnancy loss than in the general pop-
ulation. Once identified as having a structural
chromosomal rearrangement, affected couples
may consider the option of assisted reproductive
technologies with preimplantation genetic testing.
Preimplantation genetic diagnosis (PGD) for spe-
cific translocations and then transfer of unaffected
embryos or the use of donor gametes result in
successful pregnancies in the absence of other
identifiable cause of RPL.

Chromosomal analysis of the products of con-
ception is of significant clinical value despite not
being part of the initial RPLworkup. An abnormal
fetal karyotype may give psychological allevia-
tion to the experiencing couple as the identifiable
cause of the sporadic abortion. Normal karyotype
in the products of conception may suggest mater-
nal environmental factor as the cause of the spon-
taneous abortion. The possibility of maternal
tissue contamination is present if cytogenetic
analysis (G-banding karyotype) yields 46,XX kar-
yotype. In these situations, reflex DNA extraction
and microsatellite analysis of maternal blood can
differentiate fetal versus maternal DNA, whereas
SNPmicroarray technology is able to differentiate
maternal versus fetal DNA in the products of
conception. If karyotyping is not available, pla-
cental histology identifying trophoblast inclusions
suggests genetic defects (De Braekeleer et al.
1990).

3.2 Thrombophilia Assessment

Inherited thrombophilias might be the cause of
recurrent pregnancy loss, especially with evi-
dence of placental ischemia and infarction and
maternal vessel thrombosis. Screening for factor
V Leiden, prothrombin gene mutations, and other
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thrombophilias is justified with a positive per-
sonal history of venous thromboembolism or
first-degree relative with high-risk thrombophilia
(Practice Committee of ASRM 2012). If con-
firmed with thrombophilia, anticoagulant therapy
with unfractionated heparin or low-molecular-
weight heparin may be started immediately after
conception.

Acquired thrombophilias such as anti-
phospholipid antibodies syndrome has a strong
correlation with RPL as discussed earlier. The
diagnosis is made on the basis of clinical vascular
thrombosis or pregnancy morbidity along with
laboratory findings of anticardiolipin antibody
(IgG and IgM) and lupus anticoagulant (Table 1.).
Serum tests for anticardiolipin antibody and lupus
anticoagulant should be repeated 6–8 weeks apart
to ensure no false-positive values due to viral
illnesses. Lupus anticoagulant is detected based
on an activated partial thromboplastin time, kaolin
plasma clotting time, or dilute Russell viper
venom test time. Standard treatment of patients
diagnosed with APS consists of low-dose aspirin
and heparin.

3.3 Anatomic Assessment

Müllerian anomalies are typically detected using
sonohysterography and hysterosalpingography
(HSG). Both methods provide additional infor-
mation compared to sonography alone. Sono-
hysterograms delineate the internal contours of
the uterine cavity while also providing visualiza-
tion of the outer wall of the uterus. Additionally,
sonohysterogram can distinguish between a sep-
tate and bicornuate uterus (Keltz et al. 1997).
Hysterosalpingograms provide detailed informa-
tion about the tubal anatomy and patency, similar
to the sonohysterogram. However, an HSG can-
not evaluate the outer contour of the uterus. In
the recent years, the emergence of the three-
dimensional ultrasound has proven to be an
excellent noninvasive method for evaluating
anatomic anomalies. In a comparison performed
by Jerkovic and colleagues, the use of three-
dimensional ultrasound identified the same congen-
ital anomalies compared to hysterosalpingography

(Jurkovic et al. 1995). Szkodziak and colleagues
further concluded that three-dimensional trans-
vaginal ultrasound might become the optimal
method to diagnose uterine anomalies (Szkodziak
et al. 2014). Detailed characterization of uterine
defect may be identified with the use of magnetic
resonance imaging (MRI), which allows for
visualization of both uterine cavity and the exter-
nal contour of the uterus, thus distinguishing
septate from bicornuate uteri (Soares et al.
2000). Hysteroscopy and laparoscopy provide
direct visualization of uterine anomalies with
the additional benefit of correcting these ano-
malies as they are diagnosed, however both
procedure are invasive compared with the afore-
mentioned modalities. Hysteroscopy remains
the gold standard for diagnosing and treating
intrauterine lesions that may hinder embryo
implantation.

3.4 Endocrine Assessment

Maternal endocrine disorders are usually rou-
tinely evaluated. Screening women for thyroid
dysfunction is reasonable due to emerging associ-
ations with increased miscarriage risks and thy-
roid abnormalities. In the presence of elevated
thyroid stimulating hormone (TSH) levels above
2.5 mIU/L, screening for antithyroid antibodies
should be performed (Negro et al. 2010).

The presence of thyroid peroxidase (TPO)
autoantibodies and anti-thyroglobulin antibodies
increases the spontaneous miscarriage risk two
to three times higher than those without
these antibodies (even in euthyroid women). Rec-
ommendations for levothyroxine use toward
treating patients with euthyroid or subclinical
hypothyroid states and positive antithyroid anti-
bodies are being favored (Thangaratinam et al.
2011).

Prolactin is another hormone routinely mea-
sured during the initial workup for recurrent preg-
nancy loss along with ovulatory dysfunction. If
hyperprolactinemia is diagnosed, underlying
cause such as a prolactinoma should be evaluated.
Treatment with a dopamine agonist (bromocrip-
tine) to normalize prolactin levels improves
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pregnancy outcomes in those with recurrent preg-
nancy loss. Elevated prolactin may also result in a
short luteal phase, diagnosed as luteal phase
defect. In the past, endometrial biopsy (EMB)
was used to diagnose luteal phase defect; how-
ever, histology is not reproducible, and thus EMB
is no longer recommended for diagnosis. In those
with suspected luteal phase defect, progesterone
supplementation is beneficial with a history of
three or more consecutive pregnancy losses.

4 Management

Although most therapeutic recommendations are
based on clinical experience and data from obser-
vational studies, prognosis for successful future
pregnancy is good. Goal of treatment depends on
the underlying cause of RPL. Regardless of inter-
vention, emotional support is important and, at
times, will enhance therapeutic success.

4.1 Karyotype Abnormalities

The first step after diagnosis of chromosomal
abnormalities of either parental or fetal origin is
genetic counseling. The probability of future
chromosomally normal and abnormal conception
in addition to carriers of the chromosomal defect
should be discussed. The magnitude of each spe-
cific chromosomal abnormality varies.

Prenatal genetic studies, including amniocen-
tesis, chorionic villus sampling, and preimplanta-
tion genetic testing, all of which can determine
fetal karyotype, however, cannot exclude the pos-
sibility of certain microdeletions. In vitro fertili-
zation with preimplantation genetic diagnosis
(PGD) can be used to transfer unaffected
embryos. This treatment modality improves preg-
nancy outcome for translocation carriers with a
history of RPL (Otani et al. 2006). If maternal or
paternal chromosomal abnormalities are present,
conception of an affected embryo can be bypassed
using gamete donation, surrogacy, or adoption.
This method of treatment depends on parental
preference.

4.2 Thrombophilia

Aspirin givenwith heparin appears to improve preg-
nancy outcome in women with antiphospholipid
syndrome. Current recommendations are to begin
low-dose aspirin when conception is attempted and
add prophylactic dose of unfractionated heparin or
low-molecular-weight heparin once intrauterine
pregnancy is confirmed. Anticoagulation improves
maternal outcome in those with certain inherited
thrombophilias up to 80% (Bates et al. 2012). How-
ever, those with thrombophilias still have an
increased risk of complications relating to the preg-
nancy including preterm birth, preeclampsia, and
fetal growth restriction.

4.3 Anatomic Abnormalities

Surgery is the best option for uterine abnormali-
ties that are treatable (uterine septum, intrauterine
adhesions, submucosal myoma). Several studies
showed improved live birth rates in those surgi-
cally treated for the presence of a uterine septum,
most easily done hysteroscopically. Performing a
hysteroscopic metroplasty can double the inci-
dence of live birth rate (Mollo et al. 2009). For
women with irreparable uterine defects, a gesta-
tional carrier is an alternative option.

4.4 Endocrine Abnormalities

Women with elevated serum thyroid peroxidase
antibody concentrations have higher rates of
spontaneous abortion as mentioned earlier. These
patients have higher risks of developing hypothy-
roidism in the first trimester and autoimmune thy-
roiditis during the postpartum period. Therapy
with levothyroxine in euthyroid women with
high TPO antibodies may reduce the risk of mis-
carriage from 13.8% to 3.5% (Negro et al. 2006).
Diabetic women with poor glycemic control have
a higher incidence of miscarriage than those with
tight control. It is thus recommended to achieve a
normal glycemic in diabetic patients with RPL.

Prolactin levels during early pregnancy are
significantly higher in those with recurrent
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miscarriage compared to the general population.
In one study, 64 women with RPL and hyper-
prolactinemia who were randomized to treatment
with bromocriptine or no bromocriptine, those
receiving the dopamine agonist, had higher rates of
successful pregnancy (82% vs. 52%) (Hirahara et al.
1998). Bromocriptine is thus recommended as treat-
ment for RPL in women with hyperprolactinemia.

5 Conclusion

Recurrent pregnancy loss can be an emotional and
physically traumatic occurrence. Many women
suffer from feelings of guilt and self-blame,
which may persist in subsequent pregnancies.
The majority of miscarriages are due to abnormal-
ities in chromosome numbers. Uterine anomalies,
endocrine dysfunction, immunologic disease,
thrombophilic disorders, and environmental fac-
tors are the remaining causes of pregnancy loss. A
full workup for recurrent pregnancy loss is
warranted after two miscarriages or one second
trimester loss. Emerging reports suggest that a full
RPL workup should be obtained only if the sec-
ond miscarriage is chromosomally euploid; how-
ever, further research is needed before this
approach becomes routinely adopted (Foyouzi
et al. 2012). Although many times a specific
cause of the pregnancy loss goes unknown, suc-
cessful treatment and resulting pregnancies lead to
patient satisfaction and overwhelming gratitude.

6 Cross-References

▶Basic Management of Infertility
▶Management of Recurrent Pregnancy Loss
▶Workup and Management of Polycystic Ovary
Syndrome
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