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Preface

Since the world’s first IVF baby was born in 1978, over a half-century ago, repro-
ductive technologies including diagnosis and treatment of reproductive disorders 
have been significantly advanced. In 1990–1992, the first babies after human 
embryo vitrification and intracytoplasmic injection were born; then it seemed as if 
all infertility causes would be overcome.

It is estimated that more than seven million babies have been born by IVF; how-
ever, its success rate is still 20–30% per cycle of oocyte retrieval. In several coun-
tries, preimplantation genetic screening (PGS), which is embryo chromosomal 
testing, has been increasingly common, yet the success rate of IVF after PGS is less 
than 70% per embryo transfer; therefore more than 30% of unsuccessful causes of 
IVF are not derived from embryos. Also, recurrent miscarriage (RM) also remains 
unexplained in more than 50% of the women. As regarding humans, the rate of 
embryo wastage and pregnancy loss is quite high among the animal kingdom. Thus, 
the patients with unexplained RM may not achieve delivery by coincidence, but 
pregnancy losses may result from undetectable factors. As a result, gynaecologists 
often repeatedly provide these couples with general treatments for infertility and 
miscarriage or even discontinue treatment because they cannot detect the reason, 
which places serious financial, physical and mental burdens on the couples affected.

Unknown causes of reproductive failure have been revealed via mutual interac-
tion between clinical medicine and basic research. We hope that this book will pro-
vide partial solution to unsolved factors of reproductive failure in the future.

Tokyo, Japan� Keiji Kuroda 
Tokyo, Japan � Satoru Takeda  
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Chapter 1
Unexplained Infertility: Introduction

Keiji Kuroda

Abstract  Among infertile couples, 15–30% are diagnosed with unexplained infer-
tility after basic fertility tests. These couples cannot achieve a pregnancy due to 
accident or to undetected causes, including (1) oviduct dysfunction with tubal 
patency, (2) fertilization failure and (3) implantation failure without an organic 
lesion. If the duration of infertility is 2 years or longer, the patients have a high 
likelihood of an undetectable infertility factor. It is difficult to unsolve the reasons 
for infertility by timed intercourse or intrauterine insemination. Therefore, active 
infertility treatment, including in vitro fertilization, should be recommended.

Keywords  Unexplained infertility · Tubal dysfunction · Fertilization failure · 
Implantation failure · In vitro fertilization

In humans, pregnancy requires achievement of various processes, such as encounter 
of the sperm and egg, fertilization, embryo development and implantation of a com-
petent embryo to a receptive decidualized endometrium. Fertility can be assessed by 
monthly fecundity rate, that is, the probability of achieving pregnancy within one 
menstrual cycle. Compared to other mammalian species, the average human 
monthly fecundity rate is extremely low at 20%. Therefore, the potential cumulative 
pregnancy rate for normally fertile couples is 70–80%, 90–95% and 100% at 6, 12 
and 24 months, respectively [1]. Infertility, in one in seven couples, is defined as 
inability to achieve a pregnancy after 1 year of regular unprotected intercourse. The 
causes of infertility are varied, including abnormality of sperm findings, ovulation 
disorder, fallopian tube occlusion or damage and endometriosis (Fig.  1.1). 
Unexplained infertility is diagnosed as the finding of no specific cause of infertility 
in approximately 15–30% of these couples after general fertility examinations, 
including hysterosalpingography, confirmation of ovulation, serum anti-Müllerian 
hormone level as ovarian reserve, postcoital testing and sperm testing [2, 3]. Female 

K. Kuroda  
Center for Reproductive Medicine and Implantation Research, Sugiyama Clinic Shinjuku, 
Tokyo, Japan 

Department of Obstetrics and Gynaecology, Faculty of Medicine, Juntendo University, 
Tokyo, Japan
e-mail: arthur@juntendo.ac.jp
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fecundity decreases with increasing age. Thus, some infertile women of late repro-
ductive age may not conceive fortuitously, but patients with unexplained infertility 
cannot achieve pregnancy due to undetected causes of infertility after basic fertility 
tests have been performed [4]. The possible undetected causes of infertility are sper-
matozoa entrance failure at the uterotubal junction, tubal disorder of gamete and 
embryo transport, tube fimbria dysfunction of oocyte retrieval, fertilization failure, 
developmental disturbance of embryos and implantation failure (Fig. 1.2). At any 
rate, patients with unexplained infertility cannot conceive because of the undetect-
able causes affecting the processes of sperm-egg encounter or implantation between 
the embryo and the decidualized endometrium. Thus, they cannot benefit much 
from general infertility treatment, including timed intercourse or intrauterine insem-
ination (IUI).

If a woman with unexplained infertility is young and cannot achieve pregnancy 
for 2 years or less, she may not achieve pregnancy accidentally. Therefore, National 
Institute for Health and Clinical Excellence (NICE) guidelines recommend general 
infertility treatment. If the duration of infertility is 2 years or longer, the patients 
have a high likelihood of an undetectable infertility factor. The reasons for infertility 
are unresolved by timed intercourse or IUI. Therefore, NICE guidelines recommend 
assisted reproductive technology (ART), including in  vitro fertilization [2]. 
Gynaecologists should not repeat timed intercourse or IUI discursively during infer-
tility treatment in patients without detectable causes of infertility. They should offer 

Uterine cervix
(Post coital test)

Male factor
(Sperm testing)

Ovarian reserve
(Anti-Müllerian hormone)

Fertilization
(Conventional IVF)

Tubal function
(Hysterosalpingography,

Laparoscopy, Salpingoscopy)

Implantation
(Ultrasound, Hysteroscopy

for organic factors)

Ovulation
(Basal body temperature)

Fig. 1.1  Causes of infertility and examinations performed for the causes. It is difficult to assess 
tubal function of gamete and embryo transport and oocyte retrieval, fertilization and implantation 
using basic fertility tests (causes of infertility in red flame)

K. Kuroda
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an explanation why the patients cannot conceive and discuss active infertility treat-
ment, including ART. The causes of unexplained infertility often are found during 
ART treatment.

Some cases of unexplained infertility are intractable even if the couples proceed 
to ART. We demonstrated unexplained infertility due to three factors in this book: 
(1) oviduct dysfunction with tubal patency, (2) fertilization failure and (3) implanta-
tion failure without an organic lesion. We hope the all readers will enhance their 
understanding of the knowledge of unexplained infertility and offer optimal infertil-
ity treatment.

References

	1.	 Evers JLH. Female subfertility. Lancet. 2002;360:151–9.
	2.	 NICE. National Institute for Health and Clinical Excellence. National Collaborating Centre for 

Women’s and Children’s Health. Fertility: Assessment and Treatment for People with Fertility 
Problems 2013;156:63.

	3.	 Practice Comm Amer Soc Reprod M. Effectiveness and treatment for unexplained infertility. 
Fertil Steril. 2006;86:S111–4.

	4.	 Somigliana EPA, Busnelli A, Filippi F, Pagliardini L, Vigano P, Vercellini P. Age-related infer-
tility and unexplained infertility: an intricate clinical dilemma. Hum Reprod. 2016;31:1390–6.

1. Spermatozoa entrance failure

3. Tube fimbria dysfunction of oocyte retrieval

4. Fertilization failure

2. Gamete-embryo transport failure

5. Embryo development disturbance
6. Implantation failure

Fig. 1.2  Candidate causes in patients with unexplained infertility. Unexplained infertility is 
defined as an unsuccessful pregnancy due to causes that are undetected by general fertility tests. 
Candidate causes of infertility are spermatozoa entrance failure at the uterotubal junction, gamete 
and embryo transport failure, tube fimbria dysfunction of oocyte retrieval, fertilization failure, 
developmental disturbance of embryos and implantation failure

1  Unexplained Infertility: Introduction
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Chapter 2
Fertilization Failure

Takashi Yamaguchi, Keiji Kuroda, Atsushi Tanaka, and Seiji Watanabe

Abstract  The early stage of fertilization is the cell fusion of the sperm and the egg, 
which in a narrow sense is the definition of fertilization. In unfertilized eggs, meio-
sis is stopped at a species-specific stage. The early stage of fertilization breaks the 
pause in the cell division and meiosis resumes. This is called oocyte activation; this 
activation allows meiosis to be completed, and the male and female pronuclei are 
then formed. The fusion of the male and female genomes (syngamy) completes the 
fertilization in the broad sense. On the other hand, fertilization is not established if 
the fertility of the eggs or sperm is impaired. The improvement of fertilization rates 
by micro insemination (intracytoplasmic sperm injection, ICSI) is remarkable. 
However, there are many cases in which fertilization is not achieved even after 
ICSI. In such severe infertility cases, the artificial activation of the oocyte is one 
possible solution. Therefore, we examined the effectiveness of various ovum activa-
tion methods from both aspects of cytological evaluation (embryogenesis) and bio-
chemical evaluation (intracellular Ca2 + responses).

Keywords  Fertilization failure · Human oocyte · Egg activation · Phospholipase C 
zeta (PLCζ) · Ca2+ oscillations · Intracytoplasmic sperm injection · Assisted oocyte 
activation
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2.1  �Introduction

Ovulated mature eggs are surrounded by zona pellucida and cumulus cell layers; 
meiosis is stopped at the second meiotic division until the penetration of the sper-
matozoa [1]. Spermatozoa reaching the egg pass through the hyaluronic acid sub-
strate surrounding the egg and bind to the zona pellucida. Sperm that has passed 
through the zona pellucida fuses with the cell membrane of the ovum and is taken 
into the egg cytoplasm. Sperm penetration induces ovum surface response and mei-
osis reinitiation. In mature eggs, the surface granules containing the enzyme are 
distributed right under the cell membrane, and the surface layer granules are opened 
and secreted to the perivitelline space by the surface reaction. The released enzyme 
removes some sugar chains from the zona pellucida glycoprotein, causing protein 
denaturation. Then the binding and passage of the sperm to the zona pellucida are 
inhibited. Egg cell membranes also change, so that sperm cannot fuse. These 
changes are called the zona reaction and the cortical change of the egg and have the 
role of preventing multi-sperm fertilization [2].

On the other hand, fertilization is not established if the fertility of the eggs or 
sperm is impaired. The improvement of fertilization rates by micro insemination 
(intracytoplasmic sperm injection method, ICSI) is remarkable; however, there are 
many cases in which fertilization is not achieved even after ICSI [3]. There are cases 
in which the fertilization rate shows a value of 25% or less despite the quality of 
eggs being normal [4–6]. In such severe infertility cases, the artificial activation of 
the egg is one possible solution. Therefore, we examined the effectiveness of vari-
ous oocyte activation methods from both aspects of cytological evaluation (embryo-
genesis) and biochemical evaluation (intracellular Ca2 + responses).

2.2  �Fertilization Failure

Motility, capacitation, and acrosome reaction of human sperm are important events 
in the process of in vivo fertilization; however they are not essential when perform-
ing ICSI. The confirmation of the second polar body and the pronuclei indicates a 
probably successful fertilization. Even in the case of round spermatid cells and 
immature spermatogenic cells, fertilization has been confirmed when egg activation 
was artificially induced [7, 8].

The causes of the fertility disorder can be divided into cases derived from the 
gamete itself and the environment surrounding the gamete in vivo. The former is the 
number and quality of gametes, and the latter is a problem in the environment inside 
the female reproductive tract. When we consider the causes of the fertility disorders 
from the aspect of sperm, spermatogenesis, spermiogenesis, conditions inside the 
female reproductive organs, chemical composition of the tubal fluid surrounding 
cumulus cells, the interaction with the zona pellucida, membrane fusion, and egg 
activation are common problems. Whereas regarding egg cause infertility, egg 

T. Yamaguchi et al.
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reservation, oogenesis, egg nuclear, and cytoplasmic maturation, the nature of the 
zona pellucida, membrane fusion, ability to activate the egg itself resuming the sec-
ond meiosis cooperating with a penetrating sperm, and the process leading to nuclear 
fusion are common problems.

Here we focus on what happens on the ICSI oocytes that fail to form pronuclei. 
From the sperm side, this phenomenon implies a lack or an insufficiency of sperm 
factor to initiate the egg activation. From the egg side, it means that egg activation 
depending on intracellular signaling triggered by sperm factors does not occur.

2.3  �Treatment Strategy for Fertilization Failure

2.3.1  �Intracytoplasmic Sperm Injection (ICSI)

In infertility treatment, one of the most powerful treatments for male factor and 
fertilization failure is the direct injection of a single sperm into the egg, this is 
known as ICSI. ICSI techniques are very advanced now, so fertilization rates are 
high, roughly 70–80% after ICSI [3]. However, no fertilized egg is recognized in 
1–5% of ICSI cycles [9, 10]. This could be due to oocyte fertilization failure. To 
determine reasons of fertilization failure after ICSI, we have attempted a cytoge-
netic analysis of human ICSI oocytes in which no pronucleus was seen 12 h after 
insemination with the gradual fixation-air drying method.

Out of 92 ICSI oocytes examined, 84 (91.3%) remained at the meiotic metaphase 
II (MII), suggesting that oocyte activation had not yet happen even 12 h after ICSI 
(Fig. 2.1). Sperm nuclei found in the cytoplasm of the unactivated oocyte were clas-
sified into four types based on the degree of DNA decondensation (Fig. 2.1b–e). The 
first group consisted of the sperm heads with the plasma membrane surrounding the 
nucleus intact (Fig. 2.1a–c). Such sperm head nucleus was stained deep purple, and 
occasionally the sperm tail and acrosomal cap could be found. In these intact sperm, 
the remaining plasma membrane may prevent sperm factor to be released into the 
ooplasm. Therefore, there are cases when the sperm membrane is not digested in the 
ooplasm despite an application of the immobilization operation. In the other three 
groups, oocytes seem to be responsible for fertilization failure. The second group 
consists of the swollen heads, which have round-shaped swollen nucleus freed from 
the plasma membrane and were stained bright purple (Fig. 2.1d). This phenomenon 
results from dissociation of protamine disulfide bonds that allow sperm DNA to 
condense tightly. The third group includes a condensing chromatin mass (Fig. 2.1e). 
Cytostatic factor contained in the MII oocyte cytoplasm compels sperm DNA to 
condense into thin chromatin fibers replacing protamine with somatic histone. The 
prematurely condensed chromatin fibers generally appear to be thinner than the 
fibers replicated during S phase. The fourth group is made of prematurely con-
densed chromosomes (PCC), in which centromeres and chromosomal arms can be 
distinguished under a light microscope (Fig. 2.2). On the other hand, formation of 
pronucleus, which proves that the oocyte activation happens, was confirmed in 

2  Fertilization Failure
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some oocytes after Giemsa staining, although it was not seen on a light microscope 
before preparation. In an oocyte with one pronucleus, a prematurely condensed 
chromatin mass which was presumptively derived from sperm nucleus was observed. 
Oocytes with large female pronucleus and small male pronucleus were also seen 
(Fig. 2.3). The results of the analysis are summarized in Table 2.1. The data shows 
that the main cause of fertilization failure in ICSI treatment is impaired oocyte acti-
vation. Hence these oocytes need some treatment to achieve fertilization.

a

b c d e

Fig. 2.1  Sperm heads found in underutilized ICSI oocytes that failed to form pronuclei at day 1. 
(a) Twenty-three meiotic chromosomes and a sperm with acrosome and tail (b) was found in a 
ICSI oocyte. (c) A sperm nucleus freed from the plasma membrane. (d) A swollen sperm nucleus. 
(e) A condensing chromatin mass (bar = 5 μm)

Fig. 2.2  Prematurely 
condensed chromosomes 
derived from sperm and 
oocyte meiotic 
chromosomes (×1000). 
Thin prematurely 
condensed chromatin of 
sperm (arrows) and oocyte 
chromosomes at the second 
meiotic metaphase, which 
consist of two homologous 
sister chromatids (arrow 
heads)

T. Yamaguchi et al.
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2.3.2  �Assisted Oocyte Activation (AOA)

Sperm penetration induces Ca2+ oscillations, which is a repetitive transient rise in 
calcium ion concentration ([Ca2+]i) in the egg. As shown in Fig. 2.4c, the ICSI pro-
cedure also induces a series of Ca2+ oscillations as conventional IVF.  This rise 
allows the continuation of the meiosis after resumption of the second meiotic divi-
sion. This phenomenon is called oocyte activation; the chromosome separates and 
shifts to the second meiotic anaphase and releases the second polar body, leading to 
formation of male and female pronuclei (PN) and cleavage of the embryo. Each 
Ca2+ oscillation results from Ca2+ release from the cellular endoplasmic reticulum 
through inositol 1,4,5-trisphosphate (IP3) receptor [11–14]. Ca2+ oscillations are 
induced by a cytosolic sperm factor at sperm-egg fusion [15]. Evidence indicates 
that a sperm-specific isozyme “zeta” of IP3-producing enzyme phospholipase C 
zeta (PLCζ) is a strong candidate as a sperm factor [12, 16–18]. PLCζ removal from 
sperm extract by anti-PLCζ antibody abolished the Ca2+ release in the eggs [16]. 
PLCζ RNA injection induced Ca2+oscillations, which were indistinguishable from 
those at fertilization, and those at the egg activation, leading to development into 
blastocysts parthenogenetically [16, 19]. Injected recombinant PLCζ protein in the 
oocytes could elicit Ca2+ oscillations [20, 21]. Knockdown of PLCζ in transgenic 
mice resulted in low ability of egg activation with impaired Ca2+ oscillation and no 
offspring [22].

Fig. 2.3  Two pronuclei 
fond in an unfertilized 
ICSI oocytes (×400). Large 
female and small male 
pronuclei were identified 
inside an oocyte after 
fixation and 2% Giemsa 
staining, although they 
were not confirmed under a 
light microscope

Table 2.1  The result of 
cytogenetic analysis in ICSI 
oocytes without 
microscopically visible 
pronucleus

N %

No. of oocytes analyzed 90
No. of oocytes inactivated (meiotic metaphase II) 84 93.3
 � 1. Intact sperm 12 13.3
 � 2. Swollen head 7 7.8
 � 3. Condensing chromatin 49 54.4
 � 4. Prematurely condensed chromosomes 16 17.7
No. of oocytes activated 6 6.7

2  Fertilization Failure
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Most cases of fertilization failure can be resolved by ICSI; however fertilization 
failure is observed in 1–5% of cases following ICSI [9, 10]. Then as in previous 
outcomes, main fertilization failure in ICSI treatment resulted from oocyte activa-
tion deficiency (Table 2.1). Assisted oocyte activation (AOA) can induce transient 
Ca2+ increase in the oocyte. AOA is an efficient procedure for couples with a history 
of low or failed fertilization after ICSI treatment. Various methods of AOA have 
been reported including mechanical, electrical, and chemical activation (Table 2.2). 
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Fig. 2.4  Induction of Ca2+ responses in human oocyte by various active oocyte activation agents 
and procedures. Ca2+ responses in human oocyte induced by cytosolic aspiration (a), ionomycin 
treatment (b), ICSI (c), electrical stimulation (d, e), and human PLCZ1 (hPLCZ1) RNA (f, 100 ng/
μl). The timing of stimulation was set as the zero time. The numbers on each graph represent the 
number of oocytes displaying Ca2+ responses per total number of oocytes examined
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The popular assisted activation agents in human eggs as clinical applications include 
electrical pulses and calcium ionophores; however an established AOA has still not 
been determined.

Impaired function and abnormal form of sperm-specific egg-activating factor, 
PLCζ is associated with oocyte activation deficiency [31–34]. In a previous study, we 
evaluated the efficiency of several AOA methods for human oocyte activation includ-
ing human PLCζ, hPLCZ1 RNA injection by measuring the [Ca2+]i responses [35].

2.3.2.1  �Mechanical Activation

Tesarik et al. reported mechanical oocyte activation in 2002 as modified ICSI [23]. 
This mechanical AOA method aspirates ooplasm that is as close as possible to the 
oocyte periphery and reinject it in the center of the oocyte. Cytosolic aspiration and 
injection is repeated two to three times. The process consists of transferring Ca2+ in 
the oocyte periphery to the center of the oocyte. However, in 2004, Ebner et  al. 
showed that modified ICSI did not improve fertilization, blastocyst formation, or 
clinical pregnancy rates after comparing data of conventional and modified ICSI in 
couples with a history of fertilization failure [36]. Our experiments also demon-
strated that modified ICSI brought only a slight single Ca2+ rise which was com-
pletely different from physiological Ca2+ oscillations (Fig. 2.4a) [35].

2.3.2.2  �Chemical Activation

Chemical agents for oocyte activation include strontium chloride [25], puromycin 
[26], 6-DMAP [27], phorbol esters [28], thimerosal [29], and calcium ionophore 
[30]. Calcium ionophores, such as ionomycin and calcimycin (A23187), are the 
most widespread AOA agents. Calcium ionophores can induce an influx of Ca2+ 
inside oocytes by going through the plasma membrane. Several reviews reported 

Table 2.2  Assisted oocyte activation

Assisted oocyte activation References

Mechanical activation
(Cytosolic aspiration and injection) Tesarik et al. [23]
Electrical activation Yanagida et al. [24]
Chemical activation
 � Strontium chloride Kishikawa et al. [25]
 � Puromycin Murase et al. [26]
 � 6-DMAP Szollosi et al. [27]
 � Phorbol esters Cuthbertson and Cobbold [28]
 � Thimerosal Fissore et al. [29]
 � Calcium ionophore Steinhardt et al. [30]
  �  Ionomycin
  �  Calcimycin (A23187)

2  Fertilization Failure
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that the evidence of the effect of calcium ionophores is still insufficient, but calcium 
ionophores may improve fertilization and cleavage rates in couples with a history of 
fertilization failure in ICSI treatment [3, 37]. Montag et al. distributed the cases with 
a history of low or failed fertilization, depending on previous fertilization rates fol-
lowing ICSI, and analyzed the benefit of calcium ionophore [38]. The results 
showed a higher fertilization rate after ICSI and AOA with calcium ionophore com-
pared to the rate following standard ICSI in the patients with a history of <30% 
fertilization rate after ICSI treatment (0% versus 41.6% in patients with 0% fertil-
ization rate after previous ICSI and 19.3% versus 44.4% in patients with 1%–29% 
after ICSI, respectively). Our previous research demonstrated that one long-lasting 
[Ca2+]i increase without repetitive spikes was recognized (Fig. 2.4b) [35].

2.3.2.3  �Electrical Activation

In 1999 Yanagida et al. reported electrical oocyte activation first as piezoelectric 
ICSI [24]. The mechanism of oocyte activation by electrical pulse is to produce 
micropores in the cell membrane of oocytes to induce Ca2+ influx and activate the 
eggs. Baltaci et  al. reported efficacy of piezoelectric stimulation on fertilization 
failure using BTX Electro Cell Manipulator with single pulse of 1.5 kV/cm DC for 
100 μs in 20 min after ICSI procedure [39]. In patients with a history of fertilization 
failure, fertilization rate following ICSI in combination of electrical stimulation is 
62% and significantly higher than that after ICSI only (62% versus 12%, respec-
tively, p  <  0.001). In our previous experiments, human oocytes were stimulated 
using an electro-cell fusion generator with single pulse of 1.2 kV/cm DC for 99 μs 
[40]. Figure 2.4d and e showed intracellular Ca2+ responses in human oocytes after 
electrical stimulation. Some eggs showed [Ca2+]i spikes two to three times; however 
they were different from Ca2+ oscillations after ICSI.

2.3.2.4  �PLCZ1 mRNA Injection

In a clinical application, we injected a candidate sperm factor, hPLCZ1 RNA 
(100 ng/μl), into oocytes and measured fluorescent intensity by conventional fluores-
cence microscopy (Fig. 2.4f). The first [Ca2+]i spike occurred 23.6 min after hPLCZ1 
RNA injection. After the [Ca2+]i rise, repetitive transient spikes were observed. The 
pattern of Ca2+ oscillations obtained by using hPLCZ1 RNA was similar to that of 
Ca2+ oscillations in the eggs after ICSI treatment [35].

2.4  �Conclusions

As shown in Table 2.1, the main cause of fertilization failure in ICSI was shown to 
be egg activation failure, indicating involvement of sperm factors. Oocyte activation 
failure can be treated by methods that directly increase [Ca2+]i, such as the use of 
calcium ionophore. However, such AOA procedures and agents cannot form the pat-
tern of physiological [Ca2+]i increases observed at fertilization and can have potential 
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cytotoxic or mutagenic adverse effect on eggs and embryos [3]. In contrast, the 
PLCZ1 RNA injection can induce optimal pattern of Ca2+ oscillations as that at fer-
tilization, leading to the parthenogenetic development of blastocysts in mice, pigs, 
cows, monkeys, and humans [16, 41–43]. Although hPLCZ1 RNA has the ability to 
generate ideal and physiological egg activation, the adverse effect of RNA injection 
on human oocytes is still unclear. The average of RNA’s half-lives is approximately 
9 h [44]. Therefore, injected hPLCZ1 RNA could not exist in the ooplasm for a long 
time and integrate into the host genome [45–47]. Thus, injection of hPLCZ1 RNA is 
a potential clinical application of egg-activating agent in the future. Further studies 
of the safety of PLCZ1 RNA injection for human oocyte and babies are urgently 
needed.
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Chapter 3
Tubal Function Abnormalities with Tubal 
Patency in Unexplained Infertility

Yuko Ikemoto, Keiji Kuroda, Yasushi Kuribayashi, and Masato Inoue

Abstract  The fallopian tubes, or oviducts, are anatomically and functionally sig-
nificant organs for successful pregnancy. They play crucial roles in the transporta-
tion of gametes and embryos and are also the sites of sperm capacitation, fertilization, 
and embryo development. Hysterosalpingography evaluates tubal patency but not 
tubal function. In unexplained infertility, a probable tubal cause of infertility is tubal 
function abnormality including an oocyte capture disorder in the fimbriae at ovula-
tion and the failure to transport gametes and embryos. Treatment strategies for 
infertility patients with tubal dysfunction include (1) endoscopic surgery, including 
laparoscopy and salpingoscopy, (2) superovulation with gonadotropins and intra-
uterine insemination, and (3) in vitro fertilization (IVF). In younger patients with 
unexplained infertility who desire spontaneous pregnancy, endoscopic surgery is 
among the primary choices in the diagnosis of intratubal and peritubal conditions 
and treatment for tubal dysfunction. If patients wish to avoid endoscopic surgery or 
cannot conceive after such surgery, IVF is the ultimate infertility treatment. Patients 
with unexplained infertility who have diminished ovarian reserve or are of late 
reproductive age should undergo IVF as the first-line treatment.
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The fallopian tubes, or oviducts, are anatomically and functionally significant 
organs for successful pregnancy. They have roles in oocyte retrieval by the fimbriae 
at ovulation and the transportation of gametes and are also the sites of sperm capaci-
tation, fertilization, and embryo development (Fig.  3.1). Hysterosalpingography 
(HSG) is an examination that evaluates tubal patency and anatomical abnormalities 
but not tubal function. Unexplained infertility can occur when a tubal function 
abnormality accompanies tubal patency. The candidate causes of tubal dysfunction 
are mainly (1) gamete and embryo transportation failure and (2) tubal fimbria dys-
function in oocyte retrieval. Herein, we review tubal function and disorders in unex-
plained infertility.

3.1  �Oviduct Anatomy and Disorders

The oviducts are reproductive organs with abundant blood flow that connect the 
uterus and the ovaries. Each oviduct consists, distally to proximally, of fimbriae, an 
infundibulum, an ampulla, and an isthmus and has four histological layers includ-
ing, from outer to inner, the serosa, muscle, submucosa, and mucosa. Compared 
with those in the ampulla and fimbriae, the smooth muscles in the tubal isthmus are 
well developed. Secretory cells in the oviduct produce oviduct fluid, which plays a 
role in gamete and embryo transportation via ciliary movement. Compared with the 

Intra-tubal circumstance
Transportation of gametes 
and embryos
Sperm capacitation
Fertilization failure
Embryo development
Protection against heat stress, 
oxidative stress, and immune 
response

Proximal part of fallopian tube
Entry of spermatozoa via tubal 
ostium

Distal part of fallopian tube
Oocyte capture by fimbria

Infundibulum

Fimbria

Ovary

Ampulla Isthmus

Uterus

Fig. 3.1  Tubal function for pregnancy. For successful pregnancy, the fallopian tubes, or oviducts, 
have roles in oocyte retrieval by the fimbriae at ovulation and the transportation of gametes and are 
also the sites of sperm capacitation, fertilization, and embryo development
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isthmus, the tubal ampulla has abundant ciliated cells. The proper number, struc-
ture, and orientation of the cilia are critical for oviduct transport functions [1].

HSG and laparoscopic chromotubation testing can evaluate tubal patency. 
However, HSG has reported sensitivity of 65% and specificity of 83% for tubal 
patency and peritubal adhesions [2]. Thus, the precise detection of tubal patency 
with HSG is difficult, yet the high specificity of this approach makes it an efficient 
test for diagnosing tubal occlusion despite the lower reliability for detecting perit-
ubal adhesion. Two reports evaluating the use of HSG in the laparoscopic assess-
ment of infertile women with tubal patency showed a high frequency of abnormal 
intrapelvic findings such as endometriosis (31–64%) and peritubal adhesion or tubal 
occlusion (14–16%) [3, 4].

Infertile women often have tubal or pelvic anatomical variations including acces-
sory fallopian tube ostium, paraovarian cyst, peritubal adhesions, and tubal diver-
ticulum (Fig. 3.2) [5–8]. However, it remains unclear whether these abnormalities 
cause infertility; therefore, laparoscopic surgery to restore fallopian tube function 
may be an appropriate treatment for oocyte retrieval disorder, thereby leading to 
successful pregnancy in women with unexplained infertility.

Accessory fallopian
tube ostium

Paraovarian cystEndometriosis

Tubal diverticulum

Fimbriae loop

Peritubal adhesion

Fig. 3.2  Tubal anatomical variations. The figure shows images of tubal or pelvic anatomical varia-
tions including peritoneal lesions of endometriosis, accessory fallopian tube ostium, paraovarian 
cyst, peritubal adhesions, fimbriae loop, and tubal diverticulum
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3.2  �Oviduct Function and Disorders

3.2.1  �Transportation of Gametes and Embryos

At ovulation, oocytes are captured by the tubal fimbriae and transported toward the 
ampulla via oviduct fluid flow. Oviduct fluid is generated from secretory cells and 
flows via ciliary movement and the contraction of tubal muscles. On the contrary, 
when ejaculated sperm enter the tubal isthmus via the tubal ostium, sperm hyperac-
tivation is induced through interaction with epithelial cells in the oviduct. The acti-
vated sperm move with rotation against the oviduct fluid toward the ampulla for 
fertilization [9, 10]. The thermosensing capability of the sperm allows them to reach 
the ampulla along an oviduct temperature gradient [11].

Embryos are transported through the oviduct toward the uterus by myosalpinx 
contractions, ciliary movement, and oviduct fluid flow [1, 12]. Estradiol (E2) con-
tributes to embryo transportation, whereas progesterone (P4) has the opposite effect. 
E2 and P4 orchestrate embryo transportation toward the uterus by regulating the 
contraction of tubal muscles, movement of ciliated epithelial cells, and secretion 
and flow of oviduct fluid [1, 13, 14].

3.2.2  �Protection Against Heat Stress, Oxidative Stress, 
and Maternal Immune Response

The oviduct also protects gametes and embryos from heat stress, oxidative stress, 
and maternal immune rejection. Oviductal epithelial cells produce heat shock pro-
teins to reduce heat stress, and oviduct fluid contains proteins that defend against 
oxidative stress, such as albumin, transferrin, catalase, and superoxide dismutase. 
The concentration of oviduct fluid protein is the lowest at ovulation and highest at 
the time of menstruation [15]. The oviducts can sense the resultant change in viscos-
ity during the menstrual cycle and adjust the flow rate by increasing ciliary move-
ment [16]. The fallopian tube can also sense the existence of sperm and control the 
protein and antioxidant concentrations in the oviduct fluid, possibly to support for 
reduction of sperm stress [17]. Moreover, the oviducts protect embryos against own 
immunological rejection through E2 signaling [1, 18–21].

3.2.3  �Capacitation

Capacitation is the maturation process of sperm, which is required for the acrosome 
reaction and acquisition of the capability to penetrate an oocyte. Compared with 
unattached sperm, human sperm attached to the oviductal epithelium has a greater 
incidence of hyperactivation in the capacitation process. Oviduct epithelial cells and 
their cross talk with embryos are also keys for capacitation [22, 23].
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3.2.4  �Embryo Development

Oviduct fluid is associated with embryo development. During the earliest stages, 
embryos remain in the oviduct for 3–4 days [24]. Various components for regulat-
ing embryo development, including growth factors, transferrin, and albumin as 
embryotropic factors, have been identified in oviduct fluid [1]. Cleavage-stage 
embryos require pyruvate, lactate, and glycogen, and during the morula and blasto-
cyst stages, the mitochondria in embryos are matured and changed by glycolytic 
metabolism. The co-culture of early mouse and human embryos and tubal epithelial 
cells significantly increases the rates of embryo cleavage and blastocyst develop-
ment, which suggests that oviductal epithelial cells are important for embryonic 
development [25].

3.3  �Candidate Causes of Tubal Dysfunction in Unexplained 
Infertility

3.3.1  �Oocyte Capture Dysfunction in Tubal Fimbriae

The tubal function of oocyte capture can be impaired by anatomical adhesions 
caused by endometriosis or Chlamydia trachomatis infection. Various inflammatory 
cytokines and macrophages in the intrapelvic fluid of women with endometriosis 
prevent the fimbrial cilia from attaching to the cumulus oophorus, which inhibits 
oocyte capture [26]. Internal pressure in the tubal ampulla is also required for oocyte 
capture [27], and minor tubal abnormalities (see Fig. 3.2) may be associated with 
aberrant tubal pressure.

3.3.2  �Transportation Failure of Gametes or Embryos

Embryos and gametes are transported through the oviduct via oviduct fluid flow, 
temperature gradients, chemical attractants, ovarian steroids, myosalpinx contrac-
tions, and ciliary movement [12]. Out of unexplained infertility, tubal transportation 
failure, but not occlusion, may result from abnormalities of the interior of the fal-
lopian tube, such as the loss or rounded edges of tubal mucosal folds and the pres-
ence of adhesions, abnormal vessels, or debris (Fig. 3.3). Salpingitis is one cause of 
abnormalities of the oviduct interior. A wide variety of microorganisms, such as 
Escherichia coli, Staphylococcus aureus, Neisseria gonorrhea, C. trachomatis, and 
Mycobacterium tuberculosis, can cause salpingitis. E. coli or S. aureus infections 
cause acute salpingitis with prominent clinical manifestations such as lower abdom-
inal pain and fever during the early period of infection. However, salpingitis caused 
by N. gonorrhea, C. trachomatis, or M. tuberculosis lacks obvious symptoms and 
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often shifts asymptomatically to chronic salpingitis. C. trachomatis infection 
induces the loss of epithelial cell microvilli and cilia that is reversible with early and 
appropriate antibiotic treatment [28]. However, once the shift to chronic salpingitis 
occurs, inflammation spreads to the subcutaneous stroma of the oviducts and 
induces irreversible functional disorders and oviductal stenosis. Moreover, after the 
remission of acute salpingitis, chronic salpingitis may continue due to the autoim-
munity acquired through infection with C. trachomatis. The immune response to 
heat shock protein 60 by C. trachomatis is related to a delayed-type hypersensitivity 
reaction and may promote damage to oviductal epithelial cells [29].

3.3.3  �Endometriosis

Endometriosis has detrimental effects on the oviducts that hamper their functions in 
sperm motility and embryonic development owing to the development of intrapel-
vic adhesions and chronic inflammation with inflammatory cytokines and macro-
phages [30]. Compared with patients without endometrioma, infertility patients 
with ovarian endometrioma have a lower prevalence of intratubal findings such as 

Normal tubal mucosa Loss of mucosal fold

Adhesion
Rounded edgeof
mucosal folds

Abnormal vessels

Debris

Fig. 3.3  Salpingoscopic findings in the tubal lumen. The figure demonstrates images of intratubal 
findings using salpingoscopy. Abnormalities of the interior of the fallopian tube include the loss or 
rounded edges of tubal mucosal folds and the presence of adhesions, abnormal vessels, or debris
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loss of mucosal folds (24.1% and 46.8%, respectively, p < 0.05), which suggests 
that infertile patients with endometriosis are likely to have normal oviducts [31]. 
Therefore, in patients with endometriosis, infertility or subfertility may arise owing 
to intrapelvic inflammation, not tubal dysfunction. Intact fallopian tubes may also 
induce the development of endometriosis through retrograde menstrual bleeding.

3.3.4  �Smoking

Smoking is a risk factor for tubal pregnancy and infertility [32] through a mecha-
nism that remains poorly understood. A complex mixture of toxic chemicals is found 
in tobacco smoke. Furthermore, nicotine influences tubal motility, structure, and 
blood flow as well as oocyte capture by the fimbriae [33–35]. A recent study showed 
that cigarette smoking decreases tubal motility and changes the tubal microenviron-
ment via the reduced expression of the pro-apoptotic gene BAD and the induction of 
survival-related gene BCL2 expression [33]. However, no changes in the ciliated 
cells of the fallopian tubes in women with smoking have been identified [36].

3.4  �Treatment Strategies

3.4.1  �Endoscopic Surgery

Laparoscopic surgery for patients with unexplained infertility may contribute to 
successful pregnancy outcomes if mild endometriosis or peritubal adhesion is iden-
tified and treated. Shimizu et  al. compared pregnancy outcomes in unexplained 
infertility women after laparoscopic surgery followed by infertility treatment (lapa-
roscopy group) and infertility treatment alone (nonlaparoscopy group; Fig.  3.4) 
[37]. In the laparoscopy group, endometriosis was found in 62.7% of patients, adhe-
sions of the adnexa were found in 7.8%, and both lesions were found in 11.8%. 
After laparoscopy, 31.4% of women conceived spontaneously. However, after 
in vitro fertilization (IVF), cumulative pregnancy rates in both groups reached 60% 
at 1-year posttreatment. Therefore, in younger patients with unexplained infertility 
who desire spontaneous pregnancy, laparoscopic surgery is one of the primary treat-
ment options [37].

Franjoine et al. demonstrated the efficacy of laparoscopic fimbrioplasty for the 
treatment of unexplained infertility in patients aged ≤35  years. Fimbrioplasty 
dilates and expands the surface area of the tubal fimbriae by gently opening the 
fimbrial lumens several times using a right-angle cystic duct clamp. At 1 year of 
follow-up, patients with unexplained infertility who underwent laparoscopic 
fimbrioplasty had a cumulative pregnancy rate without IVF that was significantly 
higher than that in the group that underwent diagnostic laparoscopy alone (51.5% 
versus 28.8%, respectively, p  =  0.02). The rates in both groups plateaued at 
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6–7  months. However, no significant difference in outcomes was observed for 
patients aged >35 years. Women aged ≤35 years in the surgery group had an overall 
pregnancy rate (per cycle) that was significantly higher than that in the control 
group (22.7% versus 13.3%, respectively, p = 0.06; Fig. 3.5) [38].

Salpingoscopy or falloposcopy can evaluate various intratubal findings such as 
adhesions, mucosal fold changes, and debris (see Fig. 3.2), and salpingoscopic sur-
gery mainly comprises fallopian tube recanalization using balloon catheters for 
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proximal tubal obstruction or stenosis. Dechaud et al. investigated the difference in 
spontaneous pregnancy rates in patients with unexplained infertility diagnosed by 
HSG or laparoscopy and “true” unexplained infertility without intratubal findings 
on falloposcopy (Fig. 3.6). In the unexplained infertility patients without intratubal 
abnormalities elucidated by falloposcopic findings, the spontaneous pregnancies 
occur at a higher rates of 28.6% and 33.3% during the first 4 months and 24 months 
of follow-up, respectively, after the procedure, comparing to those of unexplained 
infertility diagnosed by HSG or laparoscopy (see Fig. 3.6) [39].

3.4.2  �Superovulation with Gonadotropins and Intrauterine 
Insemination

In patients with unexplained infertility, the cumulative pregnancy rate after timed 
intercourse or intrauterine insemination (IUI) or mild ovarian stimulation is 10–20%, 
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which is comparable with that of expectant management [40, 41]. However, the 
combination treatment of superovulation with gonadotropins and IUI produces 
cumulative pregnancy rates of 50–60% [40, 41]. A large number of injected sperma-
tozoa and ovulated eggs may overcome mild oviduct dysfunction or endometriosis. 
The incidence of ovarian hyperstimulation syndrome is low, but multiple pregnan-
cies occur at a high rate of 6–35% after these treatments [40, 41]. Therefore, patients 
should be informed about the risk of multiple conceptions before undergoing ovar-
ian stimulation.

3.4.3  �In Vitro Fertilization

If patients with unexplained infertility wish to avoid endoscopic surgery or cannot 
conceive after such surgery, IVF is the ultimate treatment. The National Institute for 
Health and Clinical Excellence guidelines also recommend IVF if the duration of 
infertility is ≥2 years [42]. Hughes et al. reported that the likelihood of live birth 
during the first cycle of IVF was 20.9-fold higher than that in subfertile couples with 
tubal patency in a randomized controlled trial [43]. A review by Tsafrir et al. showed 
that IVF is the first-line treatment for women with unexplained infertility who are 
aged >40 years owing to the low efficacy and poor pregnancy outcomes of ovulation 
induction and IUI, which advance ovarian aging [44].
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3.5  �Conclusion

Evaluations of the oviducts and peritubal environment with laparoscopy and salpin-
goscopy are keys for patients with unexplained infertility who desire spontaneous 
pregnancy. Furthermore, endoscopic surgery can benefit certain infertile patients 
with minor tubal abnormalities and mild endometriosis. Patients with diminished 
ovarian reserves and those of late reproductive age should proceed directly to IVF.
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Chapter 4
Implantation Failure 1: Intrauterine 
Circumstances and Embryo–Endometrium 
Synchrony at Implantation

Keiji Kuroda and Satoko Yamashita

Abstract  The causes of recurrent implantation failure (RIF) include chronic endo-
metritis, cesarean scar syndrome, and embryo–endometrial asynchrony at implanta-
tion such as impaired decidualization of the uterine endometrium. The gold standard 
treatments for chronic endometritis and cesarean scar syndrome are broad-spectrum 
antibiotics and hysteroscopic surgery, respectively. The optimal window of implan-
tation (WOI) can be identified with an endometrial receptivity array or nucleolar 
channel system test. If optimal WOI is detected, the best strategy for patients with a 
history of RIF is frozen-warmed single-blastocyst transfer.

Keywords  Recurrent implantation failure · Chronic endometritis · Cesarean scar 
syndrome · Endometrial receptivity array · In vitro fertilization · Window of 
implantation

In recent years, the quality and frequency of in vitro fertilization (IVF) have rapidly 
grown; however, overcoming recurrent implantation failure (RIF) and multiple IVF 
failures with high-quality or chromosomally normal embryos is difficult with com-
mon IVF procedures. The causes of RIF include uterine inhibitory factors of 
implantation without embryo origin. Here we introduce three maternal causes of 
implantation failure: chronic endometritis (CE), cesarean scar syndrome, and 
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embryo–endometrial asynchrony at implantation, including impaired decidualiza-
tion of the uterine endometrium.

4.1  �Chronic Endometritis

A persistent inflammation of the local endometrium, CE occurs in approximately 
30–60% of women with a history of RIF [1–4]. CE that is asymptomatic and unde-
tectable with general fertility tests is characterized by the presence of plasma cells 
in biopsied endometrial samples [5]. A wide variety of microorganisms, such as 
Escherichia coli, Enterococcus faecalis, Gardnerella vaginalis, Streptococcus spp., 
Mycoplasma spp., and Chlamydia trachomatis, are responsible for CE [3]. Some 
biopsied endometrial samples from patients with CE contain plasmacytes alone, 
and no bacteria are detected [1, 3]; therefore, the gold standard for CE diagnosis is 
histopathological verification via immunostaining with the plasmacyte marker 
CD138 [5]. Hysteroscopy is also a reliable tool for CE diagnosis [6, 7]. Typical 
hysteroscopic findings are an erythrogenic endometrial surface with multiple white 
spots, known as “strawberry aspect,” and micropolyps (Fig. 4.1) [8]. The diagnostic 
accuracy of hysteroscopy is >90% when important findings such as hyperemia, stro-
mal edema, and micropolyps are present [7].

Erythrogenic surface Stromal edema

Mycropolyps

Fig. 4.1  Hysteroscopic finding of chronic endometritis. Typical hysteroscopic findings are an 
erythrogenic endometrial surface with multiple white spots, known as “strawberry aspect” (left 
panel), stromal edema (right panel) and micropolyps (lower panel)
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The recommended treatment for CE is broad-spectrum antibiotics against a wide 
range of bacteria. Oral doxycycline, 100 mg twice a day for 2 weeks, is the first 
choice, and a combination of ciprofloxacin (500 mg) and metronidazole (500 mg) 
twice a day for 2 weeks is the second choice [1]. Kitaya et al. investigated the over-
all cure rates of CE in patients with a history of RIF following antibiotic therapy and 
reported rates of 92.3% and 99.1% after the first-line doxycycline treatment and the 
second-line combined ciprofloxacin/metronidazole treatment, respectively [9]. 
This antibiotic treatment protocol offers a high likelihood of recovery from CE, 
which leads to improvements in clinical pregnancy rates. Cicinelli et al. compared 
the outcomes of initial IVF treatments in patients with RIF and without persistent 
CE and those with CE who underwent antibiotic therapy (Fig. 4.2). The clinical 
pregnancy and live birth rates per embryo transfer (ET) were significantly higher in 
patients without CE than in those with persistent CE [10]. Regarding IVF treatment 
cycles in patients with RIF, the optimal diagnosis and treatment of CE can dramati-
cally improve the live birth rate.

In women with endometriosis, menstrual blood and eutopic endometrium contain 
high levels of various bacteria [11, 12]. Thus patients with RIF and endometriosis 
should be examined for CE. The transplantation hypothesis posits that endometrio-
sis occurs via retrograde menstruation and is the most widely accepted explanation 
for the condition. The establishment of an ectopic endometrium as endometriosis 
may develop from shed inflammatory endometrium that contains bacteria. However, 
intrauterine operations for examinations of CE such as endometrial biopsy and 
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Fig. 4.2  Outcomes of the first in vitro fertilization cycle after the treatment for chronic endome-
tritis (CE). The number of previous in  vitro fertilization attempts and number of transferred 
embryos were 4.1 times and 1.9 embryos, respectively, in both groups. In patients with recurrent 
implantation failure (RIF), clinical pregnancy and live birth rates are significantly higher in patients 
without CE compared with those with persistent CE. The miscarriage rate is relatively lower in 
women with RIF who do not have CE. Cicinelli et al., Hum Reprod. 2015
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hysteroscopy are risk factors for the development of tubo-ovarian abscesses in 
patients with ovarian endometrioma [13]. Therefore, we recommend examining the 
intrauterine endometrium with utmost caution after preventive antibiotic treatment.

Recent studies have described a new technology, microbiome analysis, that can 
sequence the 16S ribosomal RNA in each bacterium present at a sampling site. 
Analysis of the endometrial microbiota in fertile women demonstrated that 
Lactobacillus-enriched microbial communities (≥90%) are characteristic and related 
to endometrial receptivity [14]. In patients with a history of miscarriage in a previous 
pregnancy or implantation failure after ET, the microbiome analysis of endometrial 
biopsies showed that the microbiota contained a large proportion of Gardnerella and 
Streptococcus and that the composition of their microbiota was significantly differ-
ent from that of fertile women (Fig. 4.3) [14]. Microbiome analysis may become a 
clinical tool for determining the individual character of endometrial microbiota.
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Fig. 4.3  Microbiome analysis of endometrial microbiota. Analysis of the endometrial microbiota 
in fertile women revealed Lactobacillus-enriched microbial communities. Microbiome analysis of 
endometrial biopsies from patients with a history of miscarriage or implantation failure showed a 
low abundance of endometrial Lactobacillus. Patients are categorized into three groups according 
to the reproductive outcome: LB live birth, MISC biochemical pregnancy or clinical miscarriage, 
and NP nonpregnant. Moreno et al., Am J Obstet Gynecol. 2016
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4.2  �Cesarean Scar Syndrome

A higher incidence of secondary infertility is observed in patients with a history of 
cesarean section than in those who deliver vaginally [15]. Secondary infertility in 
women with abnormal postmenstrual uterine bleeding and a prior delivery by 
cesarean section can be caused by bloody fluid from a cesarean scar defect (CSD) 
that prohibits implantation. The trapped blood in CSD may flow into the vagina as 
genital spotting and the intrauterine cavity, affecting the character of the cervical 
mucus, sperm transport, and implantation [16]. This mechanism of implantation 
failure is similar to that caused by hydrosalpinx. The scar dimple is known by vari-
ous names such as CSD, isthmocele, sacculation, and uterine diverticulum [17].

Morris was the first to give the name “cesarean scar syndrome” to the disorder 
derived from cesarean scar [18, 19]. The prevalence of CSD is 24–84% in women 
with a history of one or more deliveries by cesarean section [17]. Furthermore, 
29–82% of women with CSDs have postmenstrual uterine spotting [17]. The risk 
factors associated with cesarean scar syndrome include multiple cesarean deliv-
eries, retroversion of the uterus, and use of surgical techniques such as single-
layer closure during cesarean section [20]. Most patients with cesarean scar 
syndrome labored before cesarean section [21]. When cesarean section is per-
formed during cervical dilation by labor, the incision may be closer to the inter-
nal uterine ostium than it is during a scheduled delivery, which in turn leads to 
CSD development.

Transvaginal ultrasound, saline infusion sonohysterography, or magnetic reso-
nance imaging can identify CSDs (Fig. 4.4). The timing of the attempts for detect-
ing CSDs is crucial, because bloody fluid is trapped in the scar between menstruation 
and ovulation but not during the luteal phase. Hysteroscopy also provides signifi-
cant data for the direct confirmation of CSDs. The scar is generally erythrogenic 
with dendritic vessels (see Fig. 4.4).

Fig. 4.4  Examination findings in cesarean scar syndrome. Magnetic resonance imaging shows a 
cesarean scar defect (left panel, yellow arrows). Hysteroscopy shows an erythrogenic scar (right 
panel)
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The current standard treatment for cesarean scar syndrome is hysteroscopic sur-
gery for resecting the inferior and superior edges of CSD and cauterizing its neovas-
cularity (Fig. 4.5). Gubbini et al. performed a prospective study of hysteroscopic 
surgery and reported a 100% clinical pregnancy rate within 24 months after the 
operation (90.2% delivery and 9.8% spontaneous abortion in 41 patients) [16]. If 
residual myometrial CSD is extremely thin, the scar should be resected and sutured 
laparoscopically. Tanimura et al. reported that the procedure was limited to patients 
with 2.5-mm residual myometrial thicknesses [22]. When the thickness was 
<2.5 mm, CSD was resected and sutured using a combination of laparoscopy and 
hysteroscopy. Notably, if the uterus was retroverted, the bilateral round ligaments of 
the uterus were shortened with sutures and anteflexed to prevent CSD recurrence. In 
63.6% of patients (14 of 22 cases), successful pregnancy occurred within 1 year. No 
patients delivered with uterine rupture after undergoing this surgical procedure.

4.3  �Embryo–Endometrial Asynchrony (Impaired 
Decidualization of the Endometrium)

Embryonic implantation requires mutual interaction and synchronization between a 
morphologically and developmentally competent embryo and an optimally decidu-
alized endometrium. Noyes defined the dynamic and complex changes in the human 
endometrium during the menstrual cycle as endometrial dating [23, 24]. The win-
dow of implantation (WOI), which is the period of receptivity for blastocyst implan-
tation, occurs through the decidual transformation of endometrium. WOI can be 
subjectively identified through endometrial dating of immunostained endometrial 
tissues. Endometrial receptivity array (ERA) is a tool for objectively identifying 
optimal WOI based on 238 genes identified from a microarray analysis of decidual-
izing human endometrium (Fig.  4.6) [25, 26]. This novel test is offered by 
IGENOMIX and is available in the public domain (http://www.igenomix.com/tests/
endometrial-receptivity-test-era/). However, ERA is expensive; therefore, cost-
effectiveness must be considered before its utilization.

Fig. 4.5  Hysteroscopic 
surgery for cesarean scar 
syndrome. The purpose of 
hysteroscopic surgery for 
cesarean scar syndrome is 
resecting the inferior and 
superior edges of the scar 
defect (dotted line) and 
cauterizing the 
neovascularity
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Fig. 4.6  Gene profiles of an endometrial receptivity array (ERA) during menstruation. A heat map 
shows ERA gene expression profiles during the menstrual cycle and the biological functions at 
each stage of menstruation (proliferative, pre-receptive, receptive, and post-receptive)

The nucleolar channel system (NCS) comprises membranous organelles of epi-
thelial cell nuclei that briefly appear during WOI (Fig. 4.7) [27, 28]. Nejat et al. 
confirmed the concordance between ERA results and the results of immunofluores-
cence staining of NCS during WOI [29]. The identification of NCS is as effective as 
ERA for detecting the optimal WOI.  Thus, the immunofluorescence staining of 
NCS may also become a future clinical tool for confirming individual WOIs.

4  Intrauterine Circumstances and Embryo–Endometrium Synchrony at Implantation
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The treatment strategy for RIF related to suspected embryo–endometrial asyn-
chrony is shown in Fig. 4.8. Intrauterine conditions are first confirmed with hyster-
oscopy. CE is one of the causes of impaired endometrial decidualization [30]. When 
intrauterine finding is normal, an ERA or NCS confirmation can be used to deter-
mine whether the decidualized endometrium is optimal for implantation. If ERA or 

Rybak, et al., FertilSteril. 2011

a b c

Fig. 4.7  Immunofluorescence staining of the nucleolar channel system (NCS). Representative 
images of NCS showing “receptive” (left panel), low (center panel), and “nonreceptive” (right 
panel) endometrium. Rybak et al., Fertil Steril. 2011

Recurrent implantation failure

Hysteroscopy

Intrauterine disorder
(e.g. chronic endometritis)

Treatment of
intrauterine disorder

Normal intrauterine finding

ERA test

Receptive

Single frozen-warmed
blastocyst transfer

Non-receptive

Second ERA test and
reschedule of embryo transfer

Fig. 4.8  Treatment strategy for recurrent implantation failure in women with suspected embryo–
endometrial asynchrony. After hysteroscopy, the optimal window of implantation (WOI) is identi-
fied using an endometrial receptivity array (ERA) or nucleolar channel system (NCS) test. If the 
result is “nonreceptive,” the optimal WOI must be validated with a second test. When the result is 
“receptive,” the best strategy is frozen-warmed embryo transfer using a single high-quality (or 
chromosomally normal) blastocyst
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NCS testing indicates that the endometrium is “nonreceptive,” the optimal WOI 
must be validated with a second test, and the timing of ET must be rescheduled.

When the endometrium is “receptive,” we recommend the transfer of a single 
frozen-warmed blastocyst. Controlled ovarian stimulation for multiple follicle 
development adversely affects endometrial receptivity owing to the influence of 
supraphysiologic levels of abnormal endocrine hormones on the proliferative and 
decidualizing processes of the endometrium [31–33]. A recent meta-analysis 
showed that frozen-warmed embryos result in higher implantation rates [34, 35]. 
When a pregnancy test is negative after the transfer of a cleaved embryo, determin-
ing whether cleavage arrest or impaired endometrial receptivity is responsible for 
implantation failure is impossible. Therefore, embryos used for treating RIF should 
be cultured until the blastocyst stage. The results of some studies have suggested 
that poor-quality embryos have adverse effects on implantation [36, 37]. Thus, the 
implantation rate after double ET with low- and high-quality embryos is lower than 
that after elective single ET [38]. ET with multiple embryos is also not recom-
mended. The best treatment strategy for patients with a history of RIF is frozen-
warmed ET of one high-quality (or chromosomally normal) blastocyst into a 
receptive endometrium.
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Chapter 5
Implantation Failure 2: 
Immunomodulating Treatment 
for the Patients with Repeated 
Implantation Failures Caused 
by Immunological Rejection

Koji Nakagawa and Rikikazu Sugiyama

Abstract  Although the repeated implantation failures (RIF) in assisted reproduc-
tive technology field could cause many different reasons, the reaction that women 
could immunologically reject the embryos has been well known to be one of the 
reasons of RIF. Recently, it is reported that the balance of T-helper 1 (Th1) and 
T-helper 2 (Th2) has a potential to become a useful marker for detecting immuno-
logical rejection between the uterine endometrium of the infertile women and trans-
ferred embryos in ART treatment. Moreover, this ratio can be used for choosing the 
treatment strategy for the patients for RIF. The immunological rejection as a cause 
of RIF is not majority, but this cause can be solved by the appropriate approach. In 
this chapter, the immunomodulation treatment from the old fashion such as gluco-
corticoid and intravenous immunoglobulin G to the current one such as TNF-α and 
tacrolimus is introduced and shown how to use them. In particular, tacrolimus treat-
ment is very useful and effective for the patients with RIF and also unexplained 
recurrent pregnancy loss and is safe for both mothers and fetus. The methods of 
using tacrolimus for the patients with RIF and RPL are interpreted in detail.

Keywords  Immunological rejection · IVIG · Glucocorticoid · Immunological 
rejection · Immunomodulation therapy · Tacrolimus · TNF-α inhibitor

5.1  �Introduction

Depending on definition used, about 10% of couples who received in vitro fertiliza-
tion (IVF) treatment will experience recurrent implantation failures (RIF), and 
many of them who can achieve implantation will be disappointed in early pregnancy 

K. Nakagawa (*) · R. Sugiyama 
Center for Reproductive Medicine and Implantation Research, Sugiyama Clinic Shinjuku, 
Tokyo, Japan
e-mail: koji@sugiyama.or.jp

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-8690-8_5&domain=pdf
mailto:koji@sugiyama.or.jp


46

loss [1]. The patients who failed to get pregnancy even though receiving a lot of 
high-quality embryos want to know the reasons why they have failed. When the 
clinicians faced these RIF patients, they try to search for something to improve the 
success, and they sometimes might choose the several strategies for these patients 
without confident theoretical explanation. These strategies include several immuno-
modulation treatments; however, those are selected as not theoretical but empirical 
treatments.

To modulate immune response between maternal endometrium and the implant-
ing embryo makes the clinicians rouse their interest in this field. The first step for 
this process is to understand how the mother immunologically tolerates a geneti-
cally alien embryo and what has happened at the spot of invasion of maternal tissues 
by the embryo. One of the mechanisms, which help for understanding the ideas 
about a balance between pro- and anti-inflammatory states, is characterized by a 
palette of cytokines and immune cells such as T-helper cells and natural killer (NK) 
cells, which can influence the fate of the implanting embryo. While it is becoming 
clear the function of these cytokines, the repeated failures of IVF can gradually be 
solved by the concepts about immune reaction such as immune rejection and 
immune tolerance between the uterine endometrium and implanting or implanted 
embryos.

In this chapter, the immunomodulation treatments which are currently performed 
in the IVF fields for the patients with RIF or recurrent miscarriages (RM) in the IVF 
fields are introduced. The many studies trying to prove the efficacy of various 
immunomodulation therapies, which are heterogeneous in design, method, inter-
vention, and study population, make it difficult to explain and understand them. We 
need a profound understanding on both mechanisms and modulations about human 
implantation when we are trying to make progress in this field. Therefore, immuno-
modulation treatments fascinate the doctors who face the patients with RIF.  We 
make sure that this chapter shows a brief summary for the current use of immuno-
modulation treatments supported by the published evidence and will be helpful for 
both the patients who are suffering from RIF and the clinicians who face these 
patients.

5.2  �The Theoretical Mechanisms for Using 
Immunomodulation Drug

The success of implantation is realized that hatched blastocyst can reach the surface 
of the endometrium and invade in the decidualized endometrium. During the blasto-
cyst development, the vascularization and remodeling of the spinal arteries occurred; 
consequently the maternal-fetal circulation is established. Immune cells act as key 
worker in the maternal response to the blastocyst, and a lot of studies have focused 
the importance of a balanced cytokine environment. Currently, the balance between 
T-helper 1 (Th1) and T-helper 2 (Th2) produced cytokines as determinations of 
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implantation become popular. The Th1 and Th2 cell ratio is a useful marker to evalu-
ate either stronger rejection or reduced tolerance. A shift in the ratio toward Th1 
cells leads to increased production of pro-inflammatory cytokines such as tumor 
necrosis factor alpha (TNF-α), interferon gamma (INF-γ), and interleukin (IL)-2, 
which play important parts of cytotoxic immune response, phagocytosis, and inflam-
mation. On the other hand, Th2 cells produce a variety of interleukins acting as the 
humoral immune response and inhibit several functions of phagocytosis, which are 
one of anti-inflammatory responses [2]. These theoretical mechanisms demonstrated 
a number of observational studies reporting increased expression of pro-inflamma-
tory cytokines in women with a history of recurrent pregnancy loss [3].

The uterine NK (uNK) cells have elevated during the implantation and early 
pregnancy period. After ovulation, uNK cells increase as the dominant immune 
cells in the uterine endometrium changed after decidualization [4]. Moreover, the 
uNK cells expand surrounding the trophoblast cells in the decidualized endome-
trium in early gestation. Therefore, it is thought that the uNK cells play an important 
role to control of establishment of placenta by keeping a balance between normal 
and excessive invasion of trophoblast to the uterine endometrium. On the other 
hand, peripheral blood NK cells act in the innate immune system to recognize for-
eign cells without showing HLA-class I molecules and early killing of viral patho-
gens; however, they might be not key factors of endometrial function [4], and they 
might stimulate antigen-presenting cells; therefore they activate adaptive immune 
system.

There is a different idea on the local balance between pro- and anti-inflammation 
induced by several cytokines in the perceptive uterine endometrium. The decrease 
of anti-inflammatory cytokines at the maternal-fetal face is explained as an idea, 
being simpleminded [5–7]. The study about cytokine concentration of the fluid from 
uterine cavity in 201 women before ET was performed, and authors showed a posi-
tive relationship between IL-10 and TNF-α around both implantation and early 
pregnancy period. In contrast, a negative relationship was observed between secre-
tions of IL-1β and monocyte chemoattractant protein 1 levels around implantation 
and early pregnancy period [8].

The many reports demonstrated that the relationship between increase of periph-
eral blood NK cells and Th1/Th2 cell ratio [2, 9–11] among women showing RIF or 
with recurrent pregnancy loss (RPL) has motivated us to measure peripheral NK 
cell, but there is little relationship between the peripheral blood NK cells and uNK 
cells [4, 7]. Tuckerman and co-workers indicated that the RIF patients showed a 
higher count of uNK cells in their endometrium [12]. To evaluate NK cells which 
are taken from the peripheral blood or uterine endometrium becomes useful for 
searching the causes of RIF or RPL in the maternal site. These examinations make 
us support or help to select a better method for the patients suffering from RIF or 
RPL among various immunomodulation treatments or drugs. Many immunomodu-
lation treatments are introduced, which act via immunological response such as 
reducing rejection or strengthening tolerance; consequently the uterine endome-
trium can accept the blastocyst or not reject fetus.

5  Immunomodulation Therapy for Immunological RIF Patients
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5.3  �Glucocorticoids

Corticosteroid treatment shows a lot of features during implantation period and 
early pregnancy, to suppress both immune cell activity and numbers. The taking 
process of this corticosteroid is simple, and the cost of this treatment is cheaper than 
the other immunomodulation drugs, and this drug acts rapidly and might be safe; 
therefore this is easily prescribed. Since the use of this corticosteroid treatment is 
widespread, this is easily included as interventions even though the many studies 
which tried to prove the efficacy of aspirin or low molecular weight heparin 
(LMWH) for the immunomodulation treatment for the women with RIF or RPL 
were performed. We wonder whether the corticosteroid is effective or not. A meta-
analysis of randomized controlled trials (RCTs) was reported to indicate the effect 
of glucocorticoid treatment for the patients who have undergone IVF of intracyto-
plasmic sperm injection (ICSI) [13]. In this article, the glucocorticoids were used 
during implantation period, and 13 studies were suitable for its analysis, in which 
1759 participants were enrolled. There is no significant difference in both live-birth 
and pregnancy rates between the treatment and control groups [14–16]. But these 
reports did not mention about treatment period of glucocorticoid and infertility 
causes in the analysis and the participants’ background such as with RIF or not. 
Another seven studies reported the miscarriage rate [14–19]; those showed no sta-
tistically significant difference on miscarriage rate between the treatment and con-
trol groups. There is only one study indicating that glucocorticoids can prevent 
ovarian hyperstimulation syndrome (OHSS) [20]. Moreover, the incidence of this 
complication using glucocorticoid is not increased.

On the other hand, glucocorticoid is effective for the infertility patient showing 
positive autoantibodies. It is easily thought that autoantibodies can affect both 
implanting and implanted embryos, because these embryos are semi-allograft. The 
glucocorticoid is one of the treatment choices for the patients with RIF or RPL [21], 
endometriosis, and unexplained infertility [22, 23]. Corticosteroids suppress auto-
antibodies, which form a small clot in the peripheral blood vessel to combine to the 
platelet and endothelial membrane phospholipids, and may improve pregnancy 
outcomes of patients experiencing RPL with autoantibodies. For RIF patients with 
autoantibodies [24] or patients with antinuclear antibodies [25], this treatment gave 
steady results. One randomized trial which examined whether glucocorticoid treat-
ment was beneficial for the patients with positive autoantibodies or not was per-
formed and reported that the pregnancy rate in the treatment group administrated 
with 5 mg daily dose of prednisolone was significantly higher than that in the con-
trol group even though autoantibody titers did not decrease [14]. Another random-
ized trial trying to confirm the efficacy of this treatment in patients with endometriosis 
was performed and showed that the pregnancy rate did not increase in the interven-
tion group compared to the control group [18].

According to these reports, glucocorticoid treatment is identified to be effective 
for certain patient group such as possessing autoantibodies, but drawing the conclu-
sions that glucocorticoid treatment can improve pregnancy outcome among the 
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patients with RIF or RPL might be premature judgment; therefore, another random-
ized control trial using double blinded and placebo is needed. Summarizing the 
reports mentioned above about glucocorticoid treatment for the patients with RIF or 
RPL, no apparent evidence is seen that theoretically persuades the clinicians who 
empirically use glucocorticoid for the patients with RIF and RPL. Glucocorticoids, 
which act as an anti-inflammatory agent, are not favorable to use during the peri-
implantation period, because the implantation is thought to the area of inflamma-
tion, and to suppress the inflammatory reaction might interfere implantation.

5.4  �Heparin Treatment

Heparin treatment has been often used as the treatment for the RIF patients. Because 
of its antithrombotic effect, the expected effect is large, but this drug works as a 
certain immunological positive effect to induce implantation [26]. Heparin shows 
several positive effects on implantation as follows. One of the actions of this drug is 
prevention of complement activation among expectant women showing antiphos-
pholipid antibodies [27]. Moreover, the heparin-binding epidermal growth factor 
can improve an invasive trophoblast and prevent apoptosis [28]. Heparin also 
increases the insulin-like growth factor (IGF) I and IGF II levels, those that induce 
irruption of trophoblast [26]. Heparin shows facilitating transcription of matrix 
metalloproteinases that might regulate interactions between embryo and decidual-
ized endometrium inducing invasion of trophoblast. Besides these effects, low cost 
and simple administration were its characteristics.

There were several reports to evaluate the effects of heparin treatments for the 
patients with repeated implantation failure in ART treatment [27–31]; however, 
most of them showed no significant differences in ART outcomes between the treat-
ment with heparin and control groups. Moreover, these studies did not indicate the 
clear criteria to start heparin treatment such as showing at least one thrombophilia 
disorder. And the conclusion drawn here is that a certain immunological positive 
effect of heparin for RIF patients is weak because glucocorticoids were used as a 
cotreatment among three report.

5.5  �Aspirin

Acetylsalicylic acid (ASA), which is famous as aspirin, has been used as a painkill-
ing anti-inflammatory agent for a long time, and more recently it is well known to 
prevent cardiovascular disease and widely used. ASA can suppress the prostaglan-
dins’ products to reduce the cyclooxygenase activity, especially in platelets. This 
suppression is an irreversible change and leads to inhibit the thromboxane synthe-
sis, resulting to protect vascular constriction. The use of ASA is expected to inhibit 
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inflammation during the implantation period or early pregnancy in the uterine endo-
metrium, and this inhibition helps the embryo to invade into the endometrium [32, 
33]. Although there are many reports to try to prove the effect of ASA for the RIF 
patients, the Cochrane review mentioned that the patients who received ART treat-
ment administrated by ASA during the implantation period could not increase the 
pregnancy outcomes including clinical pregnancy, ongoing pregnancy, or live-birth 
rates [34]. But the published reports showed various protocols, subjects, dosage and 
duration, monitoring indices, and other concomitant drugs; therefore results from 
these reports were difficult to understand, even though this treatment was confirmed 
to bring good effects for some women’s groups, who showed problems such as pos-
sessing antiphospholipid antibodies or blood coagulation disorders.

5.6  �Immunoglobulin G

It is well known that the treatment using intravenous administration of immuno-
globulin G (IVIG) got good results among the patients who have autoimmune anti-
bodies or showing inflammatory status such as recurrent inflammatory polyneuropathy, 
Guillain-Barre syndrome, and Kawasaki disease [35]. In a reproductive field, the 
IVIG is expected to reduce peripheral cytotoxic NK cells [36], strengthen regulatory 
T cell power, and suppress B cell function [37]. From these results, it was suggested 
that the IVIG treatment might change immunological conditions from elevated Th1/
Th2 balance by the dominance of Th1 cells to appropriate this balance reducing Th1 
cell count. Therefore, this change might weaken immunological refection and raise 
immunological tolerance.

There were only two RCTs by a MEDLINE search, and one was performed in 
which IVIG was administrated to human. According to this RCT, patients who 
experienced ≥2 times of implantation failures administrated 500 mg/kg IVIG, on 
the day of ET. They could receive the same dose of IVIG after 4 weeks when they 
achieved pregnancy and the fetal heartbeat was confirmed. This study could not 
indicate that IVIG improved the ART outcomes regarding clinical pregnancy, 
implantation, and live-birth rates between the intervention and control groups [38].

After the previous study was published, three papers were published about the 
administration of IVIG for the patients with RIF [37, 39, 40]. Although these reports 
resulted that IVIG treatment was favorable, they had several problems that might 
involve the results in each report. The study published by Ramos-Medina and co-
workers [37] was conducted as an observational cohort study. They retrospectively 
analyzed 428 patients who experienced multiple IVF failures or pregnancy losses, 
showing elevated NK cell count or NKT-like lymphocyte. These patients were 
administrated with IVIG 400  mg/kg at the timing of embryo transfer, and they 
received IVIG after positive pregnancy test and continuously administrated every 
3 weeks until 35–36 weeks of gestation. In this study, all patients received low-dose 
aspirin (100 mg/day) even though they are showing no abnormal coagulation abil-
ity, and some of them showing clotting disorder received both low-dose aspirin and 
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heparin. The authors in this report indicated a higher pregnancy and live-birth rates 
in the treatment group compared to the control group with significant difference. 
Winger et al. try to divide the IVIG intervention group by the results of diagnostic 
peripheral blood examinations which might become a good marker of this IVIG 
treatment to predict the results. They mentioned that the administration of IVIG 
might be effective for one RIF subgroup showing elevated Th1/Th2 cell ratio or an 
increased CD56+ CD3- cell population [41, 42]. These indices might become a 
marker for this IVIG treatment.

A current review concluded that IVIG treatment might benefit for subgroups to 
improve implantation, pregnancy, and live-birth rates [43]. This IVIG treatment for 
the patients with RIF might be selected without selecting available treatments, 
because the patients have to receive some burden from this treatment, such as its 
cost and risk (Table 5.1). The cost of IVIG of one treatment estimates 2000 USD 
(i.e., patient’s BW = 50 kg), and immunoglobulin is one of the blood fraction prod-
ucts, and it is not assured about contamination of viral infection (i.e., human parvo-
virus B19). The patients have to receive additional IVIG treatment after positive 
pregnancy test, and this treatment has to be continued until the third trimester. Since 
the treatment with IVIG makes the patients bear the expenses and receive intrave-
nous infusion, we should be careful to choose this treatment, and we have to select 

Table 5.1  Characteristics of various immunomodulation treatments

IVIGa

Anti-TNF-α 
(Adalimumab) Intralipid Tacrolimus

Product Veniron®, 
Gurovenin®

Humira® Intralipos 
injection 
10%

Prograf®

Route of 
administration

Intravenous Intravenous Intravenous Oral

Dose 400–500 mg/kg/
once

40 mg, twice, 
2-week interval

10% 250 ml/
day

1–3 mg/day

Start The day of ET 90–120 days before 
ET

After OPU 2 days before ET 
day

After positive 
pregnancy test

Continued, every 
3–4 weeks

None Continued, 
every 
2 weeks

Continued

Monitor: Peripheral NK cell 
count, Th1/Th2 ratio

Th1/Th2ratio Peripheral 
NK cell 
count

Th1/Th2ratio, Th1 
level

Concern Risk of infection of 
human parvovirus 
B19, plasma 
fraction, 
hyperviscosity

Immunosuppressive
interstitial 
pneumonia

Soybean 
allergy

Contraindication 
during pregnancy

Cost Expensive
About 2300 USD/
once

Expensive
About 600 USD/
once

Cheap
About 
6 USD/once

Expensive
50–150 USD/
week

aIVIG intravenous immunoglobulin
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this treatment when the benefit is thought to be bigger than the burden for the 
patients compared to other immunomodulation treatments.

5.7  �Anti-TNF-α (Adalimumab)

Tumor necrosis factor α (TNF-α) that is one of the cytokines belonging to the TNF 
superfamily is produced by the macrophage and differentiates and induces Th1 cell 
from naive T cell. Adalimumab, which is a recombinant human TNF-α monoclonal 
antibody, has an effect for the patients with rheumatoid arthritis, psoriasis, and 
inflammatory bowel disease. This drug is effective to inhibit the function of TNF-α 
to combine with TNF-α receptor, consequently suppressing the inflammatory sig-
nals via Th1 cell and destroying the TNF-producing cell.

Currently, there are no randomized trials to evaluate the efficacy of this drug (anti-
TNF-α antibody drug) for the patients who received ART treatment. A few reports 
could be found using this drug in the ART field [41–44]. Winger and co-workers 
conducted a cohort study, in which the patients were prospectively divided into four 
groups according to the combination of the administrated drugs. The authors used 
the two types of cytokine combination patterns, TNF-α and IL-10 or INF-γ/IL-10 to 
select patients; subsequently patients <38 years showing both high Th1 and Th2 cell 
ratio (INF-γ/IL-10 ≥ 30.6 and INF-γ/IL-10 ≥ 20.5) were selected. The patients in the 
group I received both TNF-α and intravenous immunoglobulin, the patients in the 
group II were treated with only intravenous immunoglobulin, the patients on the 
group III received only TNF-α, and the patients in the group IV received no treat-
ment. The patients belonging to these groups were treated with heparin, with or 
without showing thrombophilia. The participants possess morphologically good 
embryos. The treatment groups (group I, II, and III) improve the ART outcomes 
regarding the implantation, clinical pregnancy, and live-birth rates compared to the 
group IV with no medication [41]. Another paper from the same authors was pub-
lished. Patients <40 years showing high Th1/Th2 cell ratio were recruited and were 
administrated both with anti-TNF-α drug and LWMH, and the women without high 
Th1/Th2 ratio were as control. The authors evaluated the ART outcomes retrospec-
tively, and they revealed that the patients who received anti-TNF-α drug showed 
better ART outcomes (higher implantation, clinical pregnancy, and live-birth rates) 
compared to the control group. However, this positive result is low evidence level 
due to its poor protocol and makes us difficult to trust their results [42].

One of the most unfavorable reactions from adalimumab is immunosuppressive 
reaction. Adalimumab is usually administrated by intravenous infusion, and it is 
impossible to adjust the given dose; therefore, the patients faced the risk of immuno-
suppressive reaction. Adalimumab is effective to inhibit the function of TNF-α to 
combine with TNF-α receptor, consequently suppressing the inflammatory signals via 
Th1 cell and destroying the TNF-producing cell; as a result of this reaction, immuno-
suppressive condition will be established. In this situation, the patients who received 
adalimumab might have a risk of viral and bacterial infections. The published reports 
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showed low evidence level and have some problems in each study; therefore, we can-
not give adequate information of this treatment for the patients; moreover, there is no 
method to select patients who are effective for this adalimumab. From these reasons, 
at present this adalimumab is not recommended as a treatment for the patients with 
RIF or RPL.

5.8  �Intralipid

Intralipid, which is a 20% fat emulsion comprised of soybean oil, egg phospholip-
ids, and glycerin, is one of the useful methods for the patients who cannot take any 
meal, and its immunosuppressive effect was historically revealed by an elevated rate 
of bacteria in neonates [45]. Intralipid was first suggested as a potential therapy for 
recurrent miscarriage in 1994 after a miscarriage rate of only 30% was reported in 
20 control patients who received intralipid [46]. Further in vivo study in human 
indicated that intralipid can suppress blood natural killer cell cytotoxicity [47]. The 
first clinical report was published by Ndukwe and co-workers where 50 RIF patients 
with immune dysfunction had 50% live-birth rate with intralipid therapy [48]. There 
have since been two RCTs, each involving over 200 patients, which both reported 
statistical benefit [49, 50]. Dakhly and co-workers demonstrated a RCT to evaluate 
the effects of intralipid therapy for the unexplained infertility or repeated pregnancy 
loss of patients [50]. In this study, participants showing elevated NK cell activity 
were recruited and divided into two groups randomly, a treatment group which con-
sisted of patients who received 250 ml of intralipid and the control group which 
included patients receiving 250 ml of saline, at the day of oocyte pickup day. After 
establishment of achieving pregnancy, the same infusion was performed every 
2 weeks until 14 weeks of gestation. In this report, the authors could not show a 
higher hCG-positive rate in the treatment group compared to the control group, but 
about ongoing pregnancy rate in the treatment group, they could show a higher rate 
than that in the control group [50], but this difference was weak due to the number 
of participants. This intralipid infusion is safe for the patients, but there is no theo-
logical explanation for the effect of this treatment. The author did not mention the 
reason why the treatment group showed significantly higher ongoing and live-birth 
rates than those of the patients’ group without treatment. Does intralipid work as an 
immunomodulation drug? The clinicians easily cannot use it for the patients with-
out clarifying the mechanism of increasing implantation by intralipid.

5.9  �Tacrolimus

T-helper lymphocytes are usually classified into mainly two subtypes according to 
their ability to produce cytokines: T-helper 1 (Th1) or T-helper 2 (Th2) cells [1, 51]. In 
immunological rejection or tolerance, Th1 and Th2 cells act as the leading characters 
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[52]. It is thought as common sense that the establishment of pregnancy is immuno-
logical condition that Th2 shows superiority over Th1; in contrast the condition that 
Th1 shows superiority over Th2 is immunological rejection; consequently, this Th1 
superiority can reject transferred embryos [1, 53]. From this theory, the implantation 
failures are thought to be alike the allograft rejection [54]; therefore when embryos 
which are transferred into the uterine endometrium could not be immunologically 
rejected, this reaction is considered to be similar to the allograft rejection.

Recently, the advance of the new immunosuppressive drugs can achieve higher 
graft survival rate in the organ transplantation [55]. Tacrolimus, which is made in 
Japan (Prograf; Astellas Pharma, Tokyo, Japan), is an immunosuppressive drug 
which is one of the common drugs for allogenic organ transplantation in our coun-
try and can suppress the immunological reaction in the recipient’s immunological 
reaction and consequently reduces the rejection reaction against the transferred 
organs [56]. The working mechanisms of tacrolimus are the inhibition of differen-
tiation of the lymphocyte reacted to the alloantigens, cytotoxic T cell prolifera-
tion, interleukin-2 receptor development, and production of IL-2 and IFN-γ 
produced from the T cell-derived soluble mediator [57]. The effectiveness of the 
tacrolimus is well known for the recipients received solid organ transplantation 
and other diseases due to immunological abnormality like rheumatoid arthritis, 
which are caused immunological disorder induced T cell reaction [58, 59]. The 
patients who experienced multiple implantation failures showed elevated Th1 
lymphocyte populations, consequently showing high Th1/Th2 cell ratio [1]. 
Immunological abnormalities are one of the major underlying etiologies for RIF 
after ART treatment. Recently, we measured the Th1 and Th2 cells and Th1/Th2 
cell ratios from the peripheral blood among the patients who experienced RIF for 
ART treatment. The patients who were greater than 18 and less than 40 years old 
registered at Sugiyama Clinic, Tokyo, Japan, from September 2014 to March 
2016, and 40% of them had elevated Th1/Th2 cell ratios (≥10.3) (Nakagawa K 
et al., unpublished data). This figure further supports that immunological etiolo-
gies can impact the prevalence of RIF.

Currently, we published two prospective cohort studies about using tacrolimus 
for patients with RIF [60, 61]. A total of 124 RIF women showing increased Th1/
Th2 ratios (≥10.3) received immunomodulation treatment by tacrolimus (treatment 
group). The patients began tacrolimus 1 or 2 days before the ET day and kept receiv-
ing it until the check of the pregnancy. The tacrolimus amount per a day varied 
between 1 and 3 mg due to the values of Th1/Th2 cell ratio (Table 5.2) [60]; women 
showing a mildly elevated Th1/Th2 ratio (≥10.3 and <13.0) received 1 mg of tacro-
limus, daily (n = 53). Women showing a moderately elevated Th1/Th2 ratio (>13.0 
and <15.8) received 2 mg of tacrolimus, daily (n = 44). Women showing a highly 

Table 5.2  The daily dose pf 
tacrolimus was decided 
depending on the degree of 
Th1/Th2 elevation

Degree of Th1/Th2 elevation Daily dose of tacrolimus (mg)

10.3≤  <13.0 1
13.0≤  <15.8 2
15.8< 3
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elevated Th1/Th2 ratio (>15.8) received 3 mg of tacrolimus daily (n = 27). Of 124 
patients, 58 women got pregnant (pregnancy rate, 46.8%). In the pregnant group 
(n = 58), 52 women eventually had a clinical pregnancy, which was documented by 
the detection of GS using ultrasonography (clinical pregnancy rate, 41.9%). Twenty-
eight patients delivered healthy babies, and 16 are ongoing (ongoing pregnancy/
delivery rate, 35.4%).

Treatment outcome was analyzed based on Th1 cell levels. The 33rd and 66th 
percentile Th1 cell percentage averages in all patients were 22.8 and 28.8, respec-
tively. According to these values, the women who received tacrolimus were classi-
fied into three groups as follows: the patients showing less than 22.8 (Th1 < 22.8) of 
Th1 cell percentage were classified into the Low group, those showing 
22.8 ≤ Th1 < 28.8 of Th1 cell percentage were placed in the Middle group, and 
those showing more than 28.8 (28.8 ≤ Th1) made up the High group. The hCG-
positive rates of the Low, Middle, and High groups were 56.1%, 46.3%, and 38.1%, 
respectively, and no significant differences were seen among these three groups 
(Table 5.3). The clinical pregnancy rates (CPRs) for the Low, Middle, and High 
groups were 48.8%, 43.9%, and 33.3%, respectively. The CPR of the High group 
was lower than those of the Low and Middle groups; however, this difference was 
not significant. The miscarriage rate for the Low, Middle, and High groups was 
5.0% (n = 1), 16.7% (n = 3), and 28.6% (n = 4), respectively (P = NS). The ongoing/
delivery pregnancy rate (≥12 weeks of gestation) of the Low group was 46.3%, 
which was significantly higher than that of the High group (23.8%, P = 0.03) but not 
different from that of the Middle group (36.6%) (Table 5.2) [61].

Immunological rejection and tolerance in the establishment of pregnancy call for 
a reconsideration. There is a long-held belief that a fetus and a placenta mount allo-
reactivity at the maternal-fetal junction. Hence, for the establishment of pregnancy, 
a pregnant woman should have a decreased cellular immunity to tolerate an invad-
ing embryo. The implantation of the transferred embryo to the uterine endometrium 
begins from both the acceleration of immune tolerance by the dendritic cells (DCs) 

Table 5.3  Reproductive outcomes of the low, middle, and high Th1 groups

Th1
Low Middle High

Th1 level <22.8 22.8≤  <28.8 28.8≤
n 41 41 42
Age, yearsa 35.2 36.4 36.7
Tacrolimus daily dose, mga 1.5 1.9 2.4
Positive hCG, n 23 19 16
Clinical pregnancy, n 20 18 14
Miscarriage, n 1 4 5
Ongoing pregnancy, n 3 5 2
Delivery, n 16 9 7
Ongoing pregnancy/delivery rate, % 46.3 34.1 21.4*

*p < 0.01 vs Low group
aMean
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and regulatory T cells (Treg) and the suppression of immunological rejection by the 
natural killer (NK) cells and macrophages in the local region (uterine endometrium) 
[62, 63]. After transient Th1 immunity at the local area, Th1 and Th2 immune 
responses are balanced locally and systematically. This balance is again shifted to 
the Th1 immune response at the time of parturition [1].

The Th1/Th2 ratio was developed to reflect the balance between Th1 and Th2 
immune responses, and increased Th1/Th2 ratios have been reported in women with 
RIF [35, 39, 64]. The immunosuppressive treatment has been applied to women 
with RIF who have increased Th1/ Th2 cell ratios. In the present study, we used the 
Th1/Th2 cell ratio as an index of implantation failure, but based on our hypothesis 
mentioned above, we investigated Th1 cell levels as an index for judging the effect 
of tacrolimus treatment. Therefore, we divided the RIF patients who were treated 
with tacrolimus into three groups according to the Th1 cell levels (Low, Middle, and 
High groups). As the Th1 cell percentage increased, the pregnancy rates and clinical 
pregnancy rates were decreased although statistically insignificant. The ongoing 
pregnancy rate in the High group was significantly lower than that in the Low group. 
This may indicate that women with an elevated Th1 cell levels have an inadequate 
immune tolerance which results in an increased risk of pregnancy losses.

Currently, the daily dosage of tacrolimus treatment is decided depending on the 
degree of Th1/Th2 elevation, which was calculated using the data of normal women 
with a history of normal delivery by either natural conception or AIH [11]. The pres-
ent study demonstrated that Th1 cell percentage alone might have affected the ART 
results, particularly the ongoing pregnancy rate. Therefore, the patients showing a 
high Th1 cell percentage (>28.8%) might need an increased dosage of tacrolimus, 
even though they showed only a moderate Th1/Th2 ratio. Indeed, some cases showed 
a high Th1 cell percentage but with only moderate Th1/Th2 ratios while being 
treated with tacrolimus and did not achieve pregnancy, but when these patients were 
treated with an increased daily dosage of tacrolimus compared with the initial dos-
age (data not show), a pregnancy was achieved. Therefore, the daily dosage of tacro-
limus may be determined by the Th1 cell levels only for the treatment of RIF patients.

We indicated that tacrolimus is quite an effective immunosuppressive agent for 
the patients with RIF showing elevated Th1/Th2 cell ratios. Moreover, this drug is 
also effective for the RM patients [65]. However, we have not yet performed RCT 
of this treatment for the RIF and RM patients. We have to make a plan to do this as 
soon as possible to obtain the confidence of this treatment.
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Chapter 6
Unexplained Infertility: Treatment 
Strategy for Unexplained Infertility

Keiji Kuroda and Asako Ochiai

Abstract  The candidate causes of unexplained infertility are (1) oviduct dysfunction 
with tubal patency, (2) fertilization failure and (3) implantation failure without an 
organic lesion. At any rate, undetectable causes of infertility inhibit the processes of 
sperm-egg encounter or implantation. Thus, patients with unexplained infertility cannot 
benefit from general infertility treatment, including timed intercourse or intrauterine 
insemination. Assisted reproductive technology including in  vitro fertilization can 
overcome tubal dysfunction and fertilization failure, but not recurrent implantation fail-
ure (RIF). As regards RIF, hysteroscopy and blood tests for immunological abnormality 
and recurrent miscarriage should be performed as clinically practicable implantation 
testing. The treatment of RIF is the remedy of detected causes. If there is no cause of 
implantation failure, treatment approaches include endometrial injury during luteal 
phase, systemic single-dose G-CSF injection at embryo transfer, a vitrified-warmed 
single blastocyst transfer with assisted hatching and hyaluronan-enriched medium.

Keywords  Unexplained infertility · Fertilization failure · Tubal dysfunction  
Recurrent implantation failure · Immune infertility · Implantation testing  
Endometrial injury

6.1  �Treatment Strategy for Unexplained Infertility

Unsuccessful pregnancy without specific reasons identified is stressful and frustrat-
ing for infertile couples as well as gynaecologists. Unexplained infertility occurs in 
15–30% of infertility patients, who are likely to fail to conceive due to undetected 
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causes after basic fertility investigations. The candidate causes of unexplained infer-
tility are (1) oviduct dysfunction with tubal patency, including gamete and embryo 
transport disorder and oocyte retrieval failure at the tube fimbria, (2) fertilization 
failure and (3) implantation failure without an organic lesion (Fig. 6.1). At any rate, 
undetectable causes of infertility inhibit the processes of encounter of the sperm and 
egg or implantation after fertilization. Thus, patients with unexplained infertility 
cannot benefit from general infertility treatment, including timed intercourse or 
intrauterine insemination (IUI). The cumulative pregnancy rate by general infertil-
ity treatment is 10–20% in unexplained infertility patients, which is comparable to 
that of expectant management [1, 2] (Table 6.1). When proceeding to in vitro fertil-
ization (IVF), the reasons for unexplained infertility sometimes are revealed. 
Therefore, timed intercourse or IUI should not be repeated discursively. IVF or 
intracytoplasmic sperm injection (ICSI) can overcome tubal dysfunction and fertil-
ization failure. In patients with unexplained infertility, gynaecologists must explain 

Fertilization failure

Tubal dysfunction with tubal patency

Implantation failure
without organic factor

Fig. 6.1  Causes of infertility in unexplained infertility. The candidate causes of unexplained infer-
tility are (1) oviduct dysfunction with tubal patency, (2) fertilization failure and (3) implantation 
failure

Table 6.1  Data in unexplained infertility

 � • Proportion of unexplained infertility in infertile couples: 15–30%
 � • �Cumulative pregnancy rate by general non-ART fertility treatment or expectant 

management: 10–20%
 �   (Clinical pregnancy rate: <5% per month)
 � • �Cumulative pregnancy rate by general fertility treatment with superovulation using 

gonadotropins: 50–60%
 �   (Multiple pregnancy rate: 6–35%)
 �   (Clinical pregnancy rate: 20% per month)
 � • Cumulative pregnancy rate after laparoscopic surgery: 20–30%
 �   (Clinical pregnancy rate: 6% per month)
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the reasons why patients cannot conceive and discuss active infertility treatment, 
including assisted reproductive technology (ART) (for details of the undetected 
causes of unexplained infertility, refer to the Chap. 1).

6.1.1  �Superovulation with Gonadotropins and IUI

Regarding outcomes of non-ART infertility treatment in unexplained infertility, 
there is no significant difference in pregnancy rates achieved with mild ovarian 
stimulation using clomiphene citrate or an aromatase inhibitor. However, according 
to some reviews, the cumulative pregnancy rate after combination treatment of 
superovulation with gonadotropins and IUI was 50–60% [1, 2] (Fig. 6.2, Table 6.1). 
Presumably, a large number of sperms and eggs after superovulation and IUI may 
solve the problems of oviduct dysfunction or endometriosis in patients with unex-
plained infertility. Some reviews demonstrated that ovarian hyperstimulation syn-
drome did not occur at high rates; however the incidence of multiple pregnancies is 
as high as 6–35% [1, 2]. We have to inform the risk of multiple pregnancies to the 
patients before starting ovarian stimulation.

6.1.2  �Laparoscopic Surgery

Normal findings of hysterosalpingography do not denote normal tubal function. To 
our knowledge, no examination exists to determine whether the oviducts function in 
oocyte pickup at the tube fimbria or transportation of gametes and embryos by cili-
ated epithelial cells. These problems with tubal function inhibit the process of 
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sperm-egg encounter. In 20–70% of infertile couples with normal hysterosalpingog-
raphy findings, laparoscopy reveals abnormal intrapelvic findings, including perit-
ubal adhesion and endometriosis [3]. Endometriosis induces intrapelvic chronic 
inflammatory changes, resulting in suppression of sperm mobility, fertilization and 
embryo development [4]. If undetectable infertile causes, such as early stage endo-
metriosis or peritubal adhesion, were detected and treated laparoscopically, some 
women might achieve a pregnancy. However, the outcomes after laparoscopic sur-
gery demonstrate only 6% and 20–30% monthly and cumulative pregnancy rates, 
respectively [3, 5] (Fig. 6.3). If no specific finding is recognized during laparoscopy, 
the infertile couples should switch treatment to IVF.

6.1.3  �In Vitro Fertilization

In conventional IVF, the fertilization rate for collected matured oocytes and concen-
tration controlled sperms is generally 60–80%. One of the undetected causes of 
infertility is fertilization failure, which cannot be revealed without proceeding to 
IVF. Most patients with a history of fertilization failure by conventional IVF can 
achieve a pregnancy after ICSI.  However, complete fertilization failure occurs in 
1–5% of couples after ICSI [6, 7]. These patients may have a problem with oocyte 
activation, which is a repetitive transient intracytoplasmic Ca2+ increase (Ca2+ oscil-
lations) at fertilization. Oocyte activation failure, including post-fertilized cleavage 
arrest and polyspermy, is also a cause of unexplained infertility [6]. Some patients 
with oocyte activation failure require ICSI in combination with assisted oocyte acti-
vation (AOA), which is the procedure to increase Ca2+ concentration in the oocyte. 
AOA includes electrical and chemical activation using calcium ionophore, puromy-
cin or strontium chloride. However, an increase in intracellular Ca2+ level after AOA 
is completely different from Ca2+ oscillations after IVF or ICSI [8]. Sperm-specific 
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protein, phospholipase C zeta (PLCζ), is a strong candidate sperm factor. PLCζ RNA 
injection can induce similar Ca2+ oscillations to that after IVF.  Thus, PLCζ may 
become useful as a clinical application for egg activation failure in the future [6, 8].

6.2  �Examination and Diagnosis of Implantation Failure

At implantation, a fertilized egg at the tubal ampulla develops into a blastocyst and 
reaches the uterine cavity. On the other hand, in response to elevated circulating 
progesterone levels after ovulation, the uterine endometrium is morphologically and 
functionally changed into decidualizing endometrial cells. This process forms the 
optimal window of implantation (WOI). The blastocyst shed from the zona pellu-
cida and decidual endometrium crosstalk mutually, leading to completion of implan-
tation through the processes of apposition, attachment, adhesion and encapsulation. 
Successful pregnancy requires endometrial receptivity, embryo competency and 
their reciprocal crosstalk.

6.2.1  �Diagnosis of Recurrent Implantation Failure

Preimplantation genetic screening (PGS), which is embryo chromosomal testing, 
has been increasingly common worldwide. Yet, a selected chromosomally normal 
embryo does not yield all implantation failure. More than 30% of patients with a 
history of recurrent implantation failure (RIF) cannot achieve a live birth even with 
use of PGS [9, 10]. Most reports of definitions of RIF describe two or three or more 
failed treatment cycles [11]. According to Japanese ART data in 2014, the clinical 
pregnancy rate of 30-year-old women is 42%, including miscarriage, resulting in an 
89% cumulative pregnancy rate after four embryo transfers (Table 6.2) [12]. This 

Table 6.2  Number of embryo transfer and cumulative implantation rates based on age

Age (years) Implantation rate (/embryo transfer)
No of embryo transfer (times)

2 3 4 5

25–30 42.0% 66.4% 80.5% 88.7% 93.4%
32 40.5% 64.6% 78.9% 87.5% 92.5%
34 38.7% 62.4% 77.0% 85.9% 91.3%
36 36.3% 59.4% 74.2% 83.5% 89.5%
38 32.1% 53.9% 68.7% 78.7% 85.6%
40 24.8% 43.4% 57.5% 68.0% 76.0%
42 17.7% 32.3% 44.3% 54.1% 62.2%
44 10.7% 20.3% 28.8% 36.4% 43.2%
45– 6.0% 11.6% 16.9% 21.9% 26.6%

Cumulative implantation rate: blue flame; >50%, red flame; >80%
Japan Society of Obstetrics and Gynecology, ART data book, 2014
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means that the remaining 11% of women still may not conceive accidentally. 
Therefore, the diagnosis of RIF, depending on patient age, requires four or more 
embryo transfer cycles with morphologically good embryos. Reproductive physi-
cians must recommend examinations for implantation failure and discuss the thera-
peutic strategy before pursuing embryo transfer in the same way.

6.2.2  �Examination of Implantation Failure

Intrauterine fibroids and polyps inhibit implantation, and they are diagnosable and 
treatable. However, some infertile patients with a history of RIF have no organic 
uterine abnormality. The causes of implantation failure are problems with the uter-
ine cavity, embryo, crosstalk between the uterus and an embryo and immune rejec-
tion against an embryo.

The problem of crosstalk currently is in the research stage [13]. Thus, it is impos-
sible to assess its use in clinical practice. It is difficult to solve the problems with the 
uterine cavity or embryo by non-ART infertility treatment. Therefore, patients with 
implantation failure should be treated appropriately using ART. Implantation testing 
is shown in Table 6.3. Examinations of the uterus include hysteroscopy for local 
intrauterine circumstance and identification of the WOI by endometrial receptivity 
array (ERA®) or nucleolar channel system (NCS). Hysteroscopy and ultrasonogra-
phy can identify an undetectable disorder, such as chronic endometritis (CE), intra-
uterine adhesion and small endometrial polyps. ERA® is the tool to identify 
individual optimal WOI, based on 238 genes identified from microarray analysis of 
decidualizing human endometrium [14]. This is a novel and effective, but expensive, 
test offered by a Spanish company, IGENOMIX (available in the public domain at 
http://www.igenomix.com/tests/endometrial-receptivity-test-era/). NCS are mem-
branous organelles of epithelial cell nuclei, which appear briefly during WOI [15]. 

Table 6.3  Implantation testing Intrauterine circumstance and window of implantation
 � • Hysteroscopy
 � • ERA® (Endometrial receptivity array)
 � • NCS (Nucleolar channel system)
Immunological test
 � • Th1/Th2 cell level
 � • Serum NK cell activity
 � • 25OH vitamin D (Storage form)
Examination of embryo
 � • Preimplantation genetic screening
Examination for recurrent miscarriage
 � • Reference of introduction in unexplained recurrent 

miscarriage

Underline: general clinical applicable tests

K. Kuroda and A. Ochiai
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Thus, the immunostaining of NCS also may be used to confirm personal WOI as a 
future clinical application. The maternal immunological tests against semi-allograft 
embryos include T-helper (Th)1/Th2 cell level, serum natural killer (NK) cell activ-
ity and serum 25-hydroxyvitamin D3 (25OHVD) as an immunological regulator. 
The examination of an embryo is only PGS as a chromosomal test. The risk factors 
for recurrent miscarriage, including thrombophilia and thyroid disorder, are rela-
tively highly prevalent in patients with a history of RIF [16–18]. If not examined 
with the test, patients with RIF may suffer miscarriage after finally achieving 
implantation. Therefore, we recommend examinations for recurrent miscarriage at 
the same time as implantation testing (for details, refer to Chap. 7). Taken together, 
hysteroscopy and blood tests for immunological abnormality and recurrent miscar-
riage should be performed as clinically practicable implantation testing. The thera-
peutic strategy for RIF should be discussed according to the results of the tests.

6.3  �Treatment of Implantation Failure

Treatment of RIF after implantation testing is shown in Table 6.4. The standard treat-
ment is to identify and address the cause of unsuccessful implantation. We demon-
strated the treatment for the uterus, embryo, immunity and timing of implantation.

Table 6.4  Treatment of 
repeated implantation failure

For uterus
 � • �Chronic endometritis: antibiotics; 1. doxycycline, 2. 

ciprofloxacin + metronidazole
 � • Endometrial polyp: hysteroscopic surgery
 � • �Cesarian scar syndrome: hysteroscopic surgery 

(+ laparoscopic surgery)
 � • Endometrial injury
 � • Intrauterine G-CSF injection
 � • Progesterone treatment
For embryo
 � • Blastocyst culture
 � • Single embryo transfer
 � • Assisted hatching
 � • Hyaluronan-enriched embryo transfer medium
 �   (Preimplantation genetic screening)
For immunity
 � • �Th1/Th2 cell ratio: tacrolimus, adalimumab, vitamin D, 

progesterone
 � • NK cell activity: vitamin D, progesterone
 � • �25OH vitamin D: vitamin D
For timing of implantation
 � • Change of embryo transfer timing
 � • Vitrified-warmed embryo transfer

6  Unexplained Infertility: Treatment Strategy for Unexplained Infertility
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6.3.1  �Treatment of an Embryo

When a pregnancy test is negative after transferring a cleavage embryo, we cannot 
identify the reason for unsuccessful implantation, whether it is cleavage arrest or 
implantation failure. Therefore, the embryo should be cultivated until the blastocyst 
stage. We also recommend zona pellucida incision by assisted hatching and dip 
treatment in an embryo transfer medium rich in hyaluronan, which enhances the 
attachment between an embryo and uterine endometrium, as supportive procedures 
of implantation. The use of assisted hatching and hyaluronan-enriched medium at 
embryo transfer is beneficial for some RIF patients [19, 20].

There have been some reports of an adverse effect of a poor-quality embryo on 
implantation [21, 22]. Therefore, the implantation rate after double embryo transfer, 
including a poor-quality embryo, is lower than that after elective single embryo 
transfer [23]. Therefore, multiple embryo transfer is not recommended for patients 
with a history of RIF.

6.3.2  �Control of Implantation Site

Optimization of intrauterine circumstance is important for implantation. 
Hysteroscopy often shows CE and micropolyps in RIF patients. A local inflamma-
tory disease, CE is found in approximately 30–60% of women with a history of RIF 
[24–26]. When it is suspected, CE is diagnosed by immunostaining with the plas-
macyte marker, CD138, of biopsied endometrial samples. The responsible microor-
ganisms of CE include a wide variety, such as Escherichia coli, Enterococcus, 
Streptococcus, Mycoplasma and Chlamydia trachomatis [26]. Some endometrium 
with CE demonstrates only plasmacytes without bacteria detection [24, 26]. Thus, 
the recommended treatment for patients with CE is broad-spectrum antibiotics: oral 
doxycycline 100 mg twice a day for 2 weeks as a first choice and a combination of 
ciprofloxacin 500 mg/metronidazole 500 mg twice a day for 2 weeks as a second 
choice [24] (for details, refer to Chap. 4).

Regarding endometrial polyps, polyps detected in the uterine cavity should be 
excised by hysteroscopic surgery in patients with a history of RIF.  In particular, 
polyps located at the uterotubal junction are strongly associated with infertility. 
Therefore, such polyps should be removed, even if they are micropolyps [27]. 
Some micropolyps arise from CE.  Then, antibiotics should be administered 
preoperatively.

In infertile women with a symptom of abnormal bleeding and a prior delivery by 
caesarean section, bloody fluid from the caesarean scar defect often prohibits implan-
tation, leading to infertility (caesarean scar syndrome). The bloody fluid derived from 
the caesarean scar defect may flow into the uterine cavity, resulting in implantation 
failure. To identify a caesarean scar defect, transvaginal ultrasound demonstrates 
bloody fluid retention in the uterine cavity from menstruation to ovulation. Furthermore, 
confirmation of dendritic vessels and erythrogenic scar on hysteroscopic findings is an 
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important information for diagnosis. Recent standard treatment is hysteroscopic sur-
gery. If the residual myometrial caesarean scar is extremely thin, the scar should be 
resected and sutured laparoscopically [28] (for details, refer to Chap. 4).

Other treatments for RIF include progesterone therapy. Impaired decidualization 
of the endometrium is associated with infertility as well as miscarriage [29]. 
Progesterone can regulate decidual change of the uterine endometrium and maternal 
immune tolerance for implantation [30].

Endometrial injury is one of the treatments for RIF. According to basic research, 
the mechanism of improvement of endometrial receptivity by endometrial injury 
may be induction of an inflammatory reaction for implantation, promotion of decid-
ualization of endometrial stromal cells and activation of endometrial stem cells dur-
ing the wound-healing process [31, 32]. No effect of local injury to the endometrium 
on implantation in patients without a history of RIF (three or more embryo transfer 
failures) was reported, although all results demonstrated no adverse influence on 
implantation rate [33]. This suggests that we can carry out endometrial injury if the 
patients with infertility are suspected of having RIF. The procedure for endometrial 
injury is to simply perform endometrial sampling by a Pipelle endometrial biopsy 
sampler at approximately 7  days before initiation of menstruation (Fig.  6.4). 
Endometrial injury during the luteal phase in a previous cycle of embryo transfer is 
basically recommended; thus, we must advise all patients to protect intercourse dur-
ing the cycle of endometrial injury [34]. Endometrial injury at the same time as 
oocyte retrieval is not recommended.

The effectiveness of intrauterine hCG infusion and systemic subcutaneous or 
local infusion of G-CSF has been reported recently. The use of hCG and G-CSF 
may induce decidualization of the endometrium and regulate immune tolerance at 
implantation. Administration of G-CSF for RIF remains controversial. The trials 
suggested that systemic administration of G-CSF, but not hCG infusion, improves 
pregnancy outcomes, in patients with RIF [35, 36]. Combination treatment of sys-
temic G-CSF injection and CD133+ cells isolated from peripheral blood via intra-
arterial catheterization was reported as a treatment for RIF, including in patients 
with Asherman’s syndrome and endometrial atrophy. This autologous cell therapy 
improved endometrial thickness, leading to successful pregnancy in patients with 
intractable implantation failure [37]. This treatment has just been started; thus, 
further investigations are needed to be applied to a clinical application.

6.3.3  �Optimization of Window of Implantation

Successful implantation needs synchronous development of a competent embryo 
and decidualizing endometrium. Controlled ovarian stimulation for multiple follicle 
development adversely affects endometrial receptivity, due to the impact of supra-
physiologic levels of endocrine abnormality on the proliferative and decidualizing 
process of the endometrium [38]. It is important to select a freeze-all policy and 
frozen embryo transfer, not fresh embryo transfer, for management of the optimal 
WOI.  When determining ERA® analysis or NCS, we can confirm whether the 
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uterine endometrium is at optimal timing of implantation. If the result of the ERA® 
test or NCS is ‘nonreceptive’, we must validate the optimal WOI with a second test 
and reschedule the timing of embryo transfer (for details, refer to Chap. 4).

6.3.4  �Regulation of Immune Tolerance

Implantation and maintenance of pregnancy requires survival of the semi-allogenic 
embryo under maternal immune response, such as NK cells, lymphocytes Th1/Th2 
cell as well as Th17/regulatory T-cell balance. We focused on the Th1/Th2 cell ratio, 

a

c

b

Fig. 6.4  The procedure of endometrial injury. (a) First, a Pipelle endometrial biopsy sampler is 
inserted into the uterine fundus. (b) The inner plunger is extracted to apply a sucking force to the 
endometrial cavity. (c) The superficial endometrium is scratched with combining an in-and-out and 
rotational movement by the Pipelle biopsy sampler several times
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NK cell activity and 25OHVD in implantation testing as a clinical evidence-based 
approach. Successful pregnancy is involved in balancing of Th1 (interleukin [IL]-2, 
intracellular interferon [IFN]-γ, and tumour necrosis factor [TNF]-α production) 
and Th2 (IL-4, IL-5 and IL-10 production) cell ratio in favour of Th2 cells [39, 40]. 
Impaired Th1/Th2 cell balance, in particular elevated Th1 cell levels, causes repro-
ductive failure, including implantation failure and miscarriage [41, 42]. In the treat-
ment of patients with RIF and an aberrant high Th1/Th2 cell ratio, the use of the Th1 
cell-produced cytokine, TNF-α-targeted drug, adalimumab (Humira®), which is an 
antirheumatic drug, results in good pregnancy outcomes [43]. The certificate of 
safety compliance of adalimumab treatment remains insufficient, but no increased 
risk of congenital malformations was reported [44]. Intravenous immunoglobulin 
(IVIg) also can improve pregnancy outcome by IVF [43]. However, the treatment is 
extremely expensive in general. Recently, a positive effect of the immunosuppres-
sive drug, tacrolimus (Prograf®), on IVF treatment has been reported in patients 
with RIF and an elevated Th1/Th2 cell ratio [41]. The use of tacrolimus during 
pregnancy was reported at no elevated risk of foetal malformation in women who 
received an organ transplant, including uterus transplantation [45, 46]. Therefore, 
adalimumab and tacrolimus are expected as novel treatments for RIF patients with 
immune abnormality.

Regarding NK cells, the relationship of peripheral or uterine NK cells and infer-
tility remains uncertain [47]. In any case, direct immunotherapy for increased NK 
cells includes prednisolone; however it may inhibit the important inflammatory 
reaction at implantation. The benefit of prednisolone on implantation failure was 
not verified [48]. Progesterone therapy suppresses elevated NK cells, induces Th2 
cell production and promotes decidualization of the human endometrium [30]. 
Thus, progesterone would be a better treatment for implantation failure with aber-
rant high cytotoxic NK cell activity than prednisolone. Vitamin D modulates 
immune function of helper T cells and NK cell activity. Thus, vitamin D deficiency 
is associated with infertility as well as pregnancy complications, including miscar-
riage and pre-eclampsia [49]. In the infertile patients with vitamin D deficiency, 
low implantation rates after embryo transfer in an oocyte donation programme were 
reported [50]. The patients with RIF and vitamin D deficiency must take vitamin D 
supplementation until the ideal 25OHVD serum level of 30 ng/mL is achieved [51] 
(for details, refer to Chap. 5).

6.3.5  �Treatment Strategy for Recurrent Implantation Failure

The treatment protocol for RIF is shown in Fig. 6.5. The cornerstone of treatment is 
the remedy of detected causes by implantation testing. If no reason for implantation 
failure is recognized, treatment approaches include (1) local endometrial injury at 
7 days before menstruation and (2) systemic single-dose G-CSF injection at subse-
quent embryo transfer. We also recommend (3) selecting one good-quality blasto-
cyst (or chromosomal normal blastocyst after PGS) and (4) transferring a 
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vitrified-warmed single blastocyst into the uterus, not fresh cycle and not cleavage 
stage embryo transfer for regulation of optimal WOI and endometrial receptivity. 
Furthermore, embryo transfer in combination with (5) assisted hatching and (6) 
hyaluronan-enriched medium would improve the implantation rate.

If the risk factors for miscarriage were found, treatment is important for protec-
tion of pregnancy loss. Regarding thrombophilia, the use of low-dose aspirin is 
recommended. Note that aspirin not only has anticoagulative action, it also has an 
anti-inflammatory effect; thus, aspirin treatment may inhibit inflammatory reaction 
related to implantation [52]. The effect of aspirin treatment on implantation rate was 
not proven [53–55]. Therefore, aspirin treatment should be initiated from the post-
implantation period, at least 7 days after ovulation. Impaired thyroid function and 
thyroid autoimmunity are associated with an adverse effect on fertility, including 
folliculogenesis, fertilization, embryo development and implantation [56, 57]. 
Preconception thyroid disorder must be treated before embryo transfer, even if there 
is subclinical hypothyroidism.
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Chapter 7
Unexplained Recurrent Miscarriage: 
Introduction

Keiji Kuroda

Abstract  Recurrent miscarriage (RM) remains unexplained in >50% of patients and 
causes both physical and psychological burdens in women without specific risk fac-
tors for miscarriage. Unexplained RM is defined as a failure to achieve delivery owing 
to chance or undetectable causes of pregnancy loss, including unbalanced maternal 
immune tolerance, impaired intrauterine circumstances, and perturbation of decidual-
ized endometrium. In 60–70% of patients with a history of three to four miscarriages, 
delivery is achieved without any treatment, whereas the miscarriage rate in patients 
with five or more pregnancy losses is >50%, of which ≥60% are losses of fetuses with 
normal embryonic karyotypes. Thus, the rate of miscarriage and the number of losses 
of fetuses with normal embryonic karyotype increase with an increase in the number 
of pregnancy losses, suggesting that maternal, not fetal, risk factors are present in 
patients with a history of multiple pregnancy losses. However, 75% of patients with 
unexplained RM achieve delivery after an appropriate treatment.

Keywords  Unexplained recurrent miscarriage · Pregnancy loss · Decidualization

Recurrent pregnancy loss (RPL) is defined as the loss of two or more pregnancies, 
including biochemical pregnancy loss and pregnancy of unknown location. 
Recurrent miscarriage (RM) is defined as the loss of all pregnancies detected in the 
intrauterine cavity. In human beings, the incidence of embryo wastage is estimated 
to be 30% before implantation, 30% before 6 weeks of gestation (biochemical preg-
nancy loss), and 10–15% of clinical pregnancies (miscarriages, mainly before 
12 weeks) [1]. Pregnancy loss is common in clinical practice; 38% of women with 
a history of pregnancy experience spontaneous abortion [2]. The accidental RM 
rate, but not the RPL rate, can be estimated as a common clinical miscarriage rate: 
10–15% to the power of the number of miscarriages (n) or 0.1n–0.15n. Two and three 
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consecutive miscarriages accidentally occur at rates of 1–3% and 0.1–0.3%, respec-
tively, which are significantly lower frequencies than the true rates of 4.2% and 
0.9%, respectively [2]. Women with a history of RPL experience both physical and 
psychological burdens. Therefore, patients with a history of RM require screening 
for the risk factors for miscarriage.

The components of RM assessment are shown in Table 7.1. Pregnancy loss is asso-
ciated with a wide variety of risk factors. Interviewing patients about their pregnancy 
histories, lifestyle, and health behavior is particularly critical. Smoking, obesity, alco-
hol consumption, and caffeine intake are potential causes of pregnancy losses. 
Ultrasonography can be used to detect uterine malformation and organic diseases, 
including uterine myoma, and hysteroscopy can identify intrauterine disorders such as 
endometrial polyps and chronic endometritis. Blood analyses for RM include endocri-
nologic, immunological, and chromosomal tests and thrombophilia screening.

Overt thyroid disorder and thyroid autoimmunity are also involved in pregnancy loss 
[3, 4], whereas subclinical hypothyroidism and Hashimoto’s disease (chronic thyroid-
itis) with normal thyroid hormone levels are associated with subfertility [4]. The detec-
tion of impaired thyroid hormone secretion signals a need to measure thyroid antibodies 
(for the diagnosis of Hashimoto’s disease and Graves’ disease), antithyroglobulin anti-
body, antiperoxidase antibody, and thyroid-stimulating hormone receptor antibody.

Although the association between polycystic ovary syndrome and pregnancy 
loss remains controversial, diagnosing polycystic ovary syndrome and examining 
patients for diabetes mellitus, including insulin resistance, are critical. Immunological 
investigations mainly test for antiphospholipid antibody syndrome and include the 
following three antibodies: lupus anticoagulant, anticardiolipin antibody, and 
anti-β2-GP1 antibody. The presence of anti-phosphatidylethanolamine antibody 

Table 7.1  Recurrent miscarriage testing

 � • Interview for pregnancy history, lifestyle and health behavior
 � • Confirmation of anatomical uterine form and intrauterine cavity
 �   Ultrasonography, hysterosalpingography, pelvic MR imaging, hysteroscopy
 � • Metabolic and endocrinologic factors
 �   Ovarian and pituitary hormone (LH, FSH, prolactin, estradiol, progesterone)
 �   Thyroid hormone (free T3, free T4, TSH)
 �   Diabetes testing (blood sugar and insulin levels)
 � • Immunological investigation
 � �  Antinuclear antibody, antiphospholipid antibody (lupus anticoagulant, anticardiolipin 

antibody: IgG, IgM, anti-β2-GP1 antibody: IgG, IgM, anti-phosphatidylethanolamine (PE) 
antibody: IgG, IgM)

 �   (Antithyroglobulin antibody, antiperoxidase antibody, TSH receptor antibody)
 � • Thrombophilia screening
 �   PT, APTT, protein C activity, protein S activity, factor XII
 � • Chromosomal testing for couple
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should also be tested. Measurements of protein C and S and factor XII activity are 
also required during thrombophilia screening.

A research group at the Health, Labour and Welfare Ministry of Japan investi-
gated the frequency of risk factors for RM (http://fuiku.jp/study/) and found rates of 
approximately 25% for thrombophilia, including antiphospholipid antibody syn-
drome, 7.8% for organic factors such as uterine malformation, 6.8% for thyroid 
disorder, and  >50% for unexplained factors (Fig.  7.1). If the presence of anti-
phosphatidylethanolamine antibody is included among the risk factors for preg-
nancy loss, approximately 40% of patients with RM have no risk factors. Other 
reports have also shown that unexplained RM occurs in a high proportion of the 
population [5].

Patients with unexplained RM include those who do not achieve delivery owing 
to chance or undetectable causes of pregnancy loss. Given the association between 
the number of previous miscarriages and the miscarriage rate for the next preg-
nancy, 60–70% of patients with a history of three to four miscarriages eventually 
achieve delivery without treatment, whereas the miscarriage rate in patients with 
five or more pregnancy losses is >50%, of which ≥60% are losses of fetuses with 
normal embryonic karyotype [6]. Thus, the rate of miscarriage and the number of 

Risk factors of recurrent miscarriage
1. Uterine anatomical anomaly
2. Thyroid disorder
3. Chromosomal abnormality
4. Antiphospholipid antibody positive
5. Factor XII deficiency
6. Protein S deficiency
7. Protein C deficiency
8. Unexplained recurrent miscarriage

Uterine
anatomical
anomaly

41    
7%

Thyroid
disorder

36  
6%

Antiphospholipid
antibody positive

54    
9%

Protein C
deficiency

1    
0%(Age: 34.3 + 4.8 y.o., No of previous miscarriage: :2.8 + 1.4)
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Fig. 7.1  Frequency of risk factors for recurrent miscarriage. Risk factors for recurrent miscarriage 
include uterine anatomical anomalies, thyroid disorders, chromosomal abnormalities, antiphos-
pholipid antibody syndrome, factor XII deficiency, and protein S and C deficiency. Data from the 
Health, Labour and Welfare Ministry of Japan show that more than half of RMs are owing to 
unexplained risk factors. The data from Health, Labour and Welfare Ministry, Japan (2010) (http://
fuiku.jp/study/)
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losses of fetuses with a normal embryonic karyotype increase with the increase in 
the number of pregnancy losses, suggesting that maternal, not fetal, risk factors are 
present in patients with a history of RPL (Fig. 7.2) [6]. Candidate risk factors in 
unexplained RM include unbalanced maternal immune tolerance for the mainte-
nance of pregnancy, impaired intrauterine circumstances at the local implantation 
site, and perturbation of the decidualization of uterine endometrium.

Recent studies suggest that decidualized endometrial stromal cells serve as bio-
sensors of embryo quality at implantation [7–10]. Unexplained RM is associated 
with an aberrantly high number of uterine natural killer cells and the abnormal 
proliferation of angiogenesis in the local uterine endometrium, which indicate a 
highly receptive environment for embryos [1, 7, 8, 11]. More than half of the preg-
nancy losses in patients with RM having no specific risk factors are related to 
embryonic chromosomal anomalies [5]. Unexplained RM may be partial because of 
inadequate endometrial receptivity of the decidualized endometrium to preimplan-
tation embryos that should have been wasted (natural embryo selection hypothesis), 
whereas poor endometrial receptivity and excessive embryo selection of the uterine 
endometrium may result in recurrent implantation failure (Fig. 7.3) [10, 12].

Most women with a history of RM become anxious during their subsequent 
pregnancies [13], and maternal stress is associated with an increased risk of preg-
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Ogasawara M, Fertil Steril, 2000 
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Fig. 7.2  Miscarriage rates and normal embryonic karyotype rates. The figure shows the associa-
tion between the number of previous miscarriages and the miscarriage rates and the rates of normal 
embryonic karyotype in subsequent pregnancies. The rates of miscarriage and normal embryonic 
karyotype increase with an increase in the number of pregnancy losses. Ogasawara, Fertil Steril, 
2000
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nancy loss [14]. The lack of specific risk factors for miscarriage is a source of fur-
ther anxiety in patients with RM, leading to a vicious cycle of pregnancy loss. 
However, 75% of patients with unexplained RM can maintain pregnancies to 
delivery after proper evaluation and treatment [15, 16]. This book aimed to improve 
the understanding of unexplained RM and help caregivers reduce stress in patients 
with RM by offering data regarding the high likelihood of eventual delivery through 
appropriate treatments.
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Chapter 8
Previous Trial Studies of Unexplained 
Recurrent Miscarriage

Keiji Kuroda

Abstract  Women with unexplained recurrent miscarriage (RM) cannot achieve a 
live birth because of accidental sporadic repeated miscarriages or miscarriages due 
to undetectable causes. Previous trial studies of unexplained RM treatment include 
the use of low-dose aspirin, low-molecular-weight heparin, lymphocyte immuniza-
tion therapy, intravenous immunoglobulin (IVIG), prednisolone, and progesterone. 
Currently, there is no established treatment for unexplained RM. The use of precon-
ception IVIG or the systemic administration of dydrogesterone is a promising treat-
ment for the prevention of pregnancy loss. And postconception prednisolone 
treatment may also be an efficacy for RM patients with elevated uNK cells. Yet the 
evidence is still insufficient. The optimization of maternal immune tolerance and 
decidualization of the endometrium may be crucial therapies for unexplained RM.

Keywords  Unexplained recurrent miscarriage · Low-dose aspirin · Low-
molecular-weight heparin · Lymphocyte immunization therapy · Intravenous 
immunoglobulin · Prednisolone · Progesterone

8.1  �Introduction

Given the association between the number of previous miscarriages and the miscar-
riage rate for subsequent pregnancies, 60–70% of patients with a history of three to four 
miscarriages eventually achieve delivery without treatment. However, the miscarriage 
rate in patients with five or more pregnancy losses is >50%, of which ≥60% are fetus 
losses with a normal karyotype of the conception products [1]. Therefore, the miscar-
riage and normal embryonic karyotype rates increase with the rise in the number of 

K. Kuroda  
Center for Reproductive Medicine and Implantation Research, Sugiyama Clinic Shinjuku, 
Tokyo, Japan 

Department of Obstetrics and Gynaecology, Faculty of Medicine, Juntendo University, 
Tokyo, Japan
e-mail: arthur@juntendo.ac.jp

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-8690-8_8&domain=pdf
mailto:arthur@juntendo.ac.jp


86

pregnancy losses, suggesting that maternal, not fetal, risk factors are present in patients 
with a history of five or more miscarriages [1]. Established risk factors for recurrent 
miscarriage (RM) include thrombophilia (e.g., antiphospholipid syndrome), uterine 
malformation, parental chromosomal abnormalities, and thyroid disorder [2–4]. 
According to previous reports, unexplained RM occurs in approximately half of women 
with a history of RM [2, 5–7]. Women with unexplained RM may not achieve live birth 
due to accidental sporadic repeated pregnancy losses. Gynecologists, however, should 
provide therapy to the patients suffering from RM because they presumptively have an 
undetectable cause of pregnancy loss. Candidate risk factors in unexplained RM 
include unknown thrombophilia, unbalanced maternal immune tolerance, perturbed 
intrauterine circumstances, and impaired decidualization of the uterine endometrium. 
A large number of trial studies for unexplained RM have been performed.

8.2  �Anticoagulants

8.2.1  �Low-Dose Aspirin (LDA)

Thrombophilic disorder is one of the most popular causes of RM. Extensively stud-
ied, the use of LDA for RM has been established as the postconception treatment for 
the prevention of miscarriage in women with thrombophilia factors [8, 9]. 
Schisterman et al. compared the results of live birth rates between women with LDA 
treatment and placebo (EAGeR randomized trial) [10]. Of 1078 women with a his-
tory of one-to-two spontaneous pregnancy losses, 535 given preconception-initiated 
daily LDA (81 mg/day) and folic acid treatment were compared with 543 given 
placebo and folic acid supplementation for up to six menstrual cycles. The treat-
ment continued postconception, until 36 weeks of gestation. The live birth rates in 
the LDA and placebo groups were 57.8% (309 of 535 women) and 52.7% (286 of 
543 women), respectively [relative risk (RR) = 1.10, 95% confidence interval (CI) 
−0.84–11.02; p = 0.098]. Miscarriage rates were 12.7% (68 women) and 12.0% (65 
women), respectively (RR = 1.06, 95% CI 0.77–1.46; p = 0.78). Therefore, LDA 
treatment cannot prevent miscarriage in women with repeated pregnancy losses.

8.2.2  �Low-Molecular-Weight Heparin (LMWH)

Previous studies have shown that LMWH increases the live birth rate in pregnant 
women with known thrombophilia [11, 12]. Schleussner et  al. assessed whether 
LMWH increases live birth rates in women with unexplained RM [13]. Of 440 
women with a history of a minimum of two consecutive early miscarriages or one 
late miscarriage, 220 women, who received multivitamin supplementation and 
5000 IU of dalteparin sodium for up to 24 weeks’ gestation, were compared with 
214 women receiving multivitamin supplementation (control group). At 24 weeks 
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gestation, ongoing pregnancy rates in the intervention and control groups were 
86.8% (191 of 220 pregnancies) and 87.9% (188 of 214 pregnancies), respectively 
(95% CI −7.4–5.3; p = 0.75). The live birth rates were 86.0% and 86.7%, respec-
tively (95% CI −7.3–5.9; p = 0.84). The use of LMWH does not contribute to an 
increase in ongoing pregnancy and live birth rates in women with unexplained 
RM. A meta-analysis of prospective, randomized trials for the use of LMWH in 
women with unexplained RM did not confirm this benefit [14]. There is an addi-
tional risk of heparin-induced thrombocytopenia and osteoporosis [15]. Thus, 
LMWH injections for unexplained RM are not recommended.

8.3  �Immunological Regulator

8.3.1  �The Effect of Maternal Immunity on Pregnancy Loss

Maternal immune tolerance, involved in natural killer (NK) and helper T cells, plays 
a vital role in the establishment of a successful pregnancy by facilitating the immu-
nologic adaptation of the semi-allogenic developing embryo. The impact of mater-
nal immunity on miscarriage is summarized in Table 8.1. Aoki et al. reported that 
elevated preconceptional peripheral blood NK (pNK) cell activity may be predictive 
of subsequent miscarriage in 68 patients with two consecutive pregnancy losses 
[16]. Miscarriage rates in the women with aberrant elevated and normal pNK cell 
activities were 71% (17 of 24 women) and 20% (9 of 44 women), respectively 
(RR = 3.5, 95% CI 1.8–6.5). Later trials, however, demonstrated no differences in 
pNK cell activities between the patients with RM and controls [17–19].

CD56bright and CD16− uterine NK (uNK) cells are entirely different from circulat-
ing pNK cells (CD56dim and CD16+) [20, 21]. uNK cells, which have little cytotoxic 
activity, are thought to play a significant role in the establishment and maintenance 
of early pregnancy via endometrial angiogenesis, remodeling of uterine spiral arter-
ies, and trophoblast invasion, which are essential for a normal pregnancy [22]. 
Several articles have reported a relationship between unexplained RM and aberrant 
high uNK cell density in mid-luteal phase endometrial cells [23–25]. Quenby et al. 
proposed that uNK cells increase endometrial vessel formation, thereby increasing 

Table 8.1  Candidate risk factors of recurrent miscarriage in immunological regulators

Immune cells
Relationship with recurrent 
miscarriage References

Peripheral NK cell (CD56dim and 
CD16+)

No relationship Emmer et al. [17]
Souza et al. [18]
Wang et al. [19]

Uterine NK cell (CD56bright and 
CD16−)

Controversial (insufficient evidence) Quenby et al. [23]

Helper T cell Controversial (insufficient evidence) Lee et al. [28]
Makhseed et al. [29]
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uterine artery blood flow, leading to excessive oxidative stress in the early placenta 
[23]. Yet the evidence is still insufficient.

The maternal immune system for pregnancy is involved in balancing T-helper 
(Th) cells, including Th1 cells [interleukin (IL)-2, tumor necrosis factor (TNF)-α, 
and interferon-γ production] and Th2 cells (IL-4, IL-5, and IL-10 production), in 
favor of Th2 cells [26, 27]. An impaired Th-cell population may result in reproduc-
tive failure, including infertility and miscarriage. In peripheral blood lymphocytes, 
the level of Th1 cells expressing TNF-α in women with RM was found to be higher 
than that in fertile women [28]. Additionally, the level of Th2 cytokines in women 
with RM who ended in miscarriage was significantly lower than that in fertile preg-
nant women and women with RM who completed live birth [29]. However, the 
relationship between aberrant Th1/Th2 cell balance and RM is still controversial.

8.3.2  �Lymphocyte Immunization Therapy (LIT)

In a randomized controlled trial, Mowbray et al. reported a beneficial effect of allo-
geneic LIT in women with RM [30]. It is known that LIT can produce anti-paternal 
antibodies or defensive antibodies from fetus rejection that are lacking in women 
with a history of RM [31]. A systematic review based on 12 randomized controlled 
trials has shown an odds ratio (OR) for live birth in patients with LIT using paternal 
lymphocytes of 1.23 (95% CI 0.89–1.70). Further, three trials using third-party lym-
phocytes have demonstrated an OR of 1.39 (95% CI 0.68–2.82); thus, there was no 
significant effect of LIT treatment on the live birth rates in patients with RM [32]. 
Treatment with allogeneic cells raises severe risks, including exposure to blood-
borne viruses, neonatal alloimmune thrombocytopenia, and the production of red 
blood cell antibodies, leading to erythroblastosis fetalis [33]. Therefore, LIT should 
not be used as a treatment for unexplained RM.

8.3.3  �Intravenous Immunoglobulin (IVIG)

In the late 1980s, passive immunization with IVIG was reported to have beneficial 
effects as a treatment for RM [34]. The underlying mechanism may be associated 
with the neutralization of autoantibodies in the circulatory system, inhibition of NK 
cells, attenuation of complement-mediated cytotoxicity, and release of regulatory T 
lymphocytes [35]. Clinically, IVIG has been widely used to treat unexplained RM, 
although its efficacy has not yet been clinically proven [36]. The high cost, limited 
supply, and potential side effects of this immunotherapy call for a guideline for 
appropriate application. Wang et  al. reported the currently available randomized 
controlled trials to determine the effectiveness of IVIG in improving the chance of 
live birth in patients with unexplained RM [37]. The 11 included studies were high-
quality trials with a low risk of babies. In total, 582 patients achieved pregnancy; 
297 patients were in the IVIG treatment group for RM, and 285 patients were in the 
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placebo group. A total of 202 (68.0%) and 151 (53.0%) live births occurred in the 
IVIG and placebo groups, respectively (RR = 1.25, 95% CI 1.00–1.56; p = 0.05). 
This random-effects analysis showed that the difference in the live birth rates 
between IVIG treatment and placebo groups was on the margin of significance.

The effect of IVIG on the live birth rate, when administered before or after con-
ception, was also analyzed. In total, 213 women who had experienced RM and initi-
ated treatment with either IVIG or placebo before the confirmation of pregnancy 
and 369 women who had experienced RM and were treated with IVIG or placebo 
after conception were evaluated. In the preconception group, 80 of 107 women 
(74.8%) treated with IVIG and 47 of 106 women (44.3%) treated with placebo 
achieved a live birth (RR = 1.67, 95% CI 1.30–2.14; p < 0.05), whereas in the post-
conception group, 122 of 190 women (64.2%) treated with IVIG and 104 of 179 
women (58.1%) treated with placebo achieved a live birth (RR  =  1.10, 95% CI 
0.93–1.29; p = 0.27). These data suggest that women with unexplained RM may 
benefit from IVIG administered before conception. However, the evidence is not 
sufficient to prove the beneficial effects of IVIG in patients with unexplained 
RM. Further studies are required to elucidate the effectiveness of IVIG.

8.3.4  �Prednisolone

Glucocorticoids, such as prednisolone, can suppress excess numbers of uNK cells 
and abnormal angiogenesis in the endometrium [25, 38, 39]. Therefore, successful 
live births in patients with RM with abnormally high levels of uNK cells after pred-
nisolone treatment have been reported [38]. In a randomized controlled trial, Tang 
et al. [40] demonstrated the impact of prednisolone treatment (20 mg for 6 weeks, 
10 mg for 1 week, and 5 mg for 1 week) in women with RM who had a high density 
of uNK cells. The live birth rate in the prednisolone group was higher (60.0%; 12 of 
20 women) than that in the placebo group (40.0%; 8 of 20 women) (RR = 1.5, 95% 
CI 0.8–2.9), yet there was no significant difference. In this study, the number of 
entry patients with RM was low; thus, further prednisolone trials are warranted. 
Regarding implantation, an inflammatory response with proinflammatory cytokines 
and prostaglandins is an essential process for the embryo to attach and invade the 
decidual endometrium [41–43]. As a precaution for the use of prednisolone for the 
prevention of miscarriage, administration after implantation is recommended.

8.4  �Optimization of Decidualization of Endometrium

8.4.1  �Progesterone

Progesterone is an indispensable hormone for decidualization of the endometrium, 
implantation, and maintenance of pregnancy. Progesterone is also an activator of 
local cortisone during the decidual transformation of the endometrium, leading to 
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the direct and indirect regulation of uNK cell density via glucocorticoid receptors 
[25, 44, 45]. Progesterone can further inhibit the contraction of uterine smooth mus-
cles and the production of prostaglandins and induce the production of Th2 cell 
cytokines, leading to the optimization of immune tolerance for an embryo [46]. 
Therefore, progesterone is expected to be therapeutically efficacious for RM via 
modulation of maternal immune tolerance as well as decidualization of uterine 
endometrium. A systematic review including four small trials has demonstrated that 
the miscarriage rate in women receiving progesterone treatment is significantly 
lower than that in women receiving placebo or no treatment (OR = 0.39, 95% CI 
0.21–0.72) [47]. Coomarasamy et al. [48] reported a multicenter, randomized con-
trolled trial (PROMISE study) of vaginal progesterone suppositories (400 mg twice 
daily) for women with unexplained RM. Of 836 women with three or more prior 
miscarriages, the live birth rate in the progesterone group was 65.8% (262 of 398 
women), which was comparable to the 63.3% (271 of 428 women) rate in the pla-
cebo group (RR = 1.04, 95% CI 0.94–1.15; p = 0.45). Thus, a vaginal progesterone 
suppository is not beneficial as a treatment for unexplained RM.

Conversely, according to a systematic review [49, 50], it has been revealed that 
synthetic progestogen, including dydrogesterone, has a therapeutic effect on unex-
plained RM. In particular, Kumar et al. [51] demonstrated the impact of dydroges-
terone treatment (10 mg twice daily) on unexplained RM via the regulation of Th 
cell cytokines. Therefore, the systemic administration of synthetic progestogen may 
be a beneficial treatment for women with RM, compared with vaginal natural pro-
gesterone treatment. Significantly, progesterone treatment has no harmful effects on 
implantation, placentation, and the fetus.

8.5  �Past and Future Trials for Unexplained RM

Previous trial studies for unexplained RM are summarized in Table 8.2. The data 
demonstrate that there is no established treatment for unexplained RM. A highlight 
in previous trials is high live birth rates in the placebo groups. Thus there had been 
no significant difference, but some treatments are to be used as placebo for “tender 
loving care,” psychological support. The use of preconception IVIG or the systemic 
administration of dydrogesterone is a promising treatment, but the evidence is still 
insufficient. These treatments can modulate maternal immune tolerance, including 
balancing Th cells and the decidualization of the endometrium. And postconception 
prednisolone treatment may also be an efficacy for selecting RM patients with ele-
vated uNK cells. Although the relationship between RM and inappropriate maternal 
Th cell levels is still debatable, notable treatment for unexplained RM includes 
immunosuppressive drugs, such as tacrolimus and cyclosporine, for the regulation 
of the Th1/Th2 cell ratio [52, 53]. Vitamin D also modulates Th cells in several 
organ systems, and vitamin D deficiency is associated with many autoimmune dis-
eases [54]. Unexplained RM is also linked to the lack of maternal vitamin D [55]. 
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These approaches, with the use or combination of dydrogesterone, prednisolone, 
vitamin D, and immunosuppressive drugs, may prove to be an effective future ther-
apy for unexplained RM.
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No recommendation LDA should not be 
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Low-molecular-
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No recommendation There is a risk of heparin- 
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Schleussner 
et al. [13]
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immunization 
therapy
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Chapter 9
Lifestyle Habits and Pregnancy Loss

Keiji Kuroda

Abstract  Miscarriage is considered a lifestyle-related disease because the multiple 
influences of lifestyle habits, including environment and genetics, affect the out-
come of pregnancies. Lifestyle-related risk factors for pregnancy loss include 
smoking, caffeine intake, alcohol consumption, obesity, vitamin D deficiency, and 
stress. Although it is difficult to determine with accuracy the threshold at which 
these factors trigger the induction of miscarriage, preconception lifestyle modifica-
tion for the prevention of pregnancy loss is advisable based on evidence from the 
literature.

Keywords  Pregnancy loss · Recurrent miscarriage · Lifestyle · Smoking · 
Caffeine · Obesity · Vitamin D · Stress

9.1  �Lifestyle Habits

Pregnancy loss occurs in an estimated 10–15% of clinical pregnancies. The risk 
factors for pregnancy loss are wide variety including thrombophilia, uterine malfor-
mation, and thyroid disorders. However, the multiple influences of lifestyle habits 
such as environment and genetics can affect pregnancy outcomes, and therefore, 
miscarriage is considered a lifestyle-related disease [1, 2]. Lifestyle habits related 
to the risk for pregnancy loss include smoking, caffeine intake, alcohol consump-
tion, and obesity. Accurately assessing the threshold at which these factors trigger 
the induction of miscarriage is difficult. Evidence from the literature suggests that 
preconception lifestyle modification for the prevention of pregnancy loss is 
advisable.
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9.1.1  �Smoking

Smoking has adverse effects on pregnancy and neonatal outcomes, including ecto-
pic pregnancy, fetal growth restriction, preterm birth, stillbirth, and sudden infant 
death syndrome [3]. Tobacco smoke contains a complex mixture of toxic chemicals, 
and nicotine easily crosses the placenta and reaches the fetus [4]. Thus, smoking 
cessation is recommended for every pregnant woman. A multivariate analysis of 
potential risk factors in pregnancy loss showed that maternal smoking is strongly 
associated with an increased risk of early pregnancy loss (odds ratio [OR] 2.00; 
95% confidence interval [CI] 1.27–3.15) [5].

Venners et al. reported that paternal tobacco use is also related to early pregnancy 
loss via passive smoking [6]. The ORs of early pregnancy loss in groups of women 
who live with partners who smoke fewer than 20 and 20 or more cigarettes daily 
were 1.04 (95% CI, 0.67–1.63) and 1.81 (95% CI, 1.00–3.29), respectively. Heavy 
paternal smoking also increases the risk of pregnancy loss. Although cigarette 
smoking is not a proven risk factor for recurrent miscarriage (RM), the relation 
between smoking and poor obstetric outcomes has been confirmed. Couples with 
RM must be informed about the adverse effects of smoking on the likelihood of live 
birth, and smoking cessation before pregnancy should be recommended.

9.1.2  �Caffeine Intake

Caffeine is a natural compound with stimulant effects commonly found in coffee 
and tea. Klebanoff et al. reported an association between serum levels of the caf-
feine metabolite, paraxanthine before pregnancy, and subsequent pregnancy out-
comes [7]. Compared with serum paraxanthine levels in controls, those in women 
whose pregnancies ended in spontaneous miscarriage were higher (p < 0.001). Chen 
et al. reviewed the relationship between caffeine consumption and pregnancy loss in 
130,456 women (Fig. 9.1) [8] and found that compared with the risk in pregnant 
women with no or very low caffeine intake, the relative risk (RR) of pregnancy loss 
was 1.02 in women with low caffeine intake (50–149 mg/day), 1.16 for moderate 
intake (150–349 mg/day), 1.40 for high intake (350–699 mg/day), and 1.72 for very 
high intake (≥700 mg/day). The risk of pregnancy loss related to caffeine intake 
increased dose dependently (7% higher risk of miscarriage per 100  mg/day of 
intake).

Moreover, Stefanidou et al. showed that compared with women with <150 mg/
day of caffeine intake, women with unexplained RM who had caffeine intakes of 
151–300 mg/day and >300 mg/day had ORs for miscarriage of 3.05 (95% CI, 1.24–
7.29, p  =  0.012) and 16.11 (95% CI, 6.55–39.62, p  <  0.001), respectively [9]. 
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Fig. 9.1  Relationship between maternal caffeine intake and pregnancy loss. (a) Relationships 
between maternal caffeine intake and pregnancy loss reported in various studies. The open circles 
represent the effect estimates of caffeine intake on pregnancy loss from each study. The circle size 
indicates the proportional precision of the estimate values. Compared with the risk of pregnancy 
loss associated with no or very low caffeine intake, the relative risk (RR) of pregnancy loss is 
reported to be 1.40 for high intake (350–699 mg/day) and 1.72 for very high intake (≥700 mg/day). 
The risk of pregnancy loss related to caffeine increases dose dependently. CI confidence interval. 
(Chen LW, et  al., Public Health Nutr. 2016). (b) Average amount of caffeine per serving. The 
amount of caffeine in three to five cups of coffee exceeds 400 mg, and the RR of pregnancy loss is 
1.5–2.0
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However, another study showed that caffeine consumption does not increase the 
risk of RM [10]. Thus, the relationship between caffeine intake and RM remains 
unclear.

9.1.3  �Alcohol Consumption

Maternal heavy alcohol intake during pregnancy is involved in adverse impact on 
fetus such as malformations (fetal alcohol syndrome), mental retardation, as well as 
damage of central nervous system (fetal alcohol spectrum disorders) [11]. A safe 
amount of alcohol intake during pregnancy is still controversial. Kesmodel et  al. 
showed the relationship between the amount of alcohol consumption and pregnancy 
loss in 24,679 singleton pregnancies [12] and demonstrated that compared with 
women with one time or less per week of drink, the RRs of spontaneous pregnancy 
loss in the first trimester were 1.3 (95% CI, 0.8–2.0) for 1–2 drinks per week, 0.8 
(95% CI, 0.4–1.7) for 3–4 drinks per week, and 3.7 (95% CI, 2.0–6.8) for 5 or more 
drinks per week. Harlap et al. surveyed 32,019 pregnant women by questionnaire for 
drinking [13]. Compared to women without drinking, the survey results showed that 
RRs of pregnancy losses in the second trimester (15–27 weeks of gestation) were 
1.03 (no significant difference), 1.98 (p < 0.01), and 3.53 (p < 0.01) for pregnant 
women with less than 1, 1–2, and ≥3 drinks daily. Maconochie et al. also reported a 
case-control study of 603 women whose last pregnancy had ended in pregnancy loss 
in the first trimester and 6116 women whose last pregnancy had maintained beyond 
12 weeks [14]. ORs of pregnancy losses were 1.46 (95% CI, 1.16–1.85) for drinking 
regularly at least once a week and 1.64 (95% CI, 1.09–2.47) for drinking more than 
14 units (140 ml of pure alcohol, roughly 3500 ml of beer) of alcohol per week. 
Although no proper study of the adverse effect of consuming alcohol on RM, limita-
tion or cessation of alcohol intake is important for women with a history of RM.

9.1.4  �Obesity

Obesity has a significant adverse effect on female fecundity and is associated with 
infertility, pregnancy loss, and obstetric complications [15]. The World Health 
Organization defines a body mass index (BMI) of ≥25 kg/m2 as overweight and a 
BMI of ≥30 kg/m2 as obesity. A systematic review reported that compared with the 
miscarriage rate of women with normal BMIs (10.7%), that in obese women 
(13.6%) was significantly higher (OR, 1.31, 95% CI, 1.18–1.46) [16]. Obese women 
also have a prevalence of RM that is significantly higher than that in nonobese 
women (0.4% versus 0.1%, respectively, OR, 3.51, 95% CI, 1.03–12.01) [16].

It remains unknown whether the increased risk of pregnancy loss in obese women 
results from decreased endometrial receptivity or low oocyte quality. Outcomes of 
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egg donation programs have demonstrated that miscarriage is mainly caused by 
endometrial factors [17, 18], and Boots et al. reported that obese women with RM 
had a rate of euploid miscarriage higher than that of nonobese women (58% versus 
37%, respectively; RR, 1.63, 95% CI, 1.08–2.47). The results of these studies sug-
gest that the adverse effects of obesity on the endometrium contribute to pregnancy 
loss [19]. Basic research has also demonstrated that impaired endometrial function 
in obese women leads to pregnancy loss [20, 21].

No appropriate study of the effect of weight loss on RM has been performed. 
However, weight loss improves endocrine profiles and reproductive outcomes, 
including spontaneous ovulation and the pregnancy rate after infertility treatment 
[22]. Couples with RM should be informed that maternal obesity is associated with 
obstetric complications including miscarriage and could have an adverse impact on 
general health as well as the likelihood of a live birth.

9.1.5  �Vitamin D Deficiency

Although the relationship between nutritional complements and pregnancy compli-
cations remains controversial, it is reasonable to expect that well-balanced nutri-
tional intake is important for improvement of pregnancy outcomes. Recent reports 
have shown that vitamin D (VD) deficiency is strongly associated with reproductive 
failure, including implantation failure after in vitro fertilization and pregnancy com-
plications such as miscarriage, preeclampsia, and gestational diabetes mellitus [23, 
24]. VD is a liposoluble vitamin associated with calcium homeostasis. VD also 
regulates immune functions such as the production of T-helper (Th) cells in a vari-
ety of organ systems [25]; therefore, VD deficiency is linked to autoimmune dis-
eases including type 1 diabetes, systemic lupus erythematosus, and autoimmune 
thyroid disease [26–29].

Hou et al. examined serum levels of the storage form of VD, 25-hydroxyvitamin 
D3 (25(OH)VD), and 25-hydroxyvitamin D-1α-hydroxylase (CYP27B1), which 
catalyzes the activation of 25(OH)VD, in four groups: nulliparous women at 
7–9 weeks of gestation who ultimately had (1) successful clinical pregnancies or (2) 
pregnancy loss and preconception women who ultimately had (3) successful clini-
cal pregnancies or (4) one or more spontaneous first-trimester miscarriages (Fig. 9.2) 
[30]. Both the pregnant and nonpregnant women with successful pregnancies 
(groups a and c) had 25(OH)VD and CYP27B1 levels that were significantly higher 
than those in the women who experienced pregnancy loss (groups b and d) (both 
p < 0.01). Moreover, 96.7% of the preconception women with pregnancy loss had 
below 30 ng/ml as normal 25(OH)VD levels. Furthermore, Ota et al. reported that 
compared with RM patients with normal VD levels, RM patients with VD defi-
ciency had higher risks for autoimmune and cellular immune abnormalities in anti-
nuclear antigen antibody, antiphospholipid antibody, thyroperoxidase antibody, and 
natural killer cell cytotoxicity [31].
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The impact of VD deficiency and VD supplementation on pregnancy loss remains 
to be elucidated, but VD may play a key role in regulating maternal immune toler-
ance for successful pregnancy. The effect of VD supplementation in RM patients 
with VD deficiency warrants further study.

9.2  �Stress

Although clinical pregnancy loss is a common disorder, it is a significant medical 
event for each patient. In particular, patients with a history of RM feel a roller 
coaster of emotions between the joy of pregnancy and the grief of losing a child. 
The repeated experience of pregnancy loss and stillbirth often induces feelings of 
despair, self-dispraise, and impotence, which lead to depression, anxiety disorders, 
and insomnia. Indeed, approximately 50% of women who have an abortion experi-
ence psychological manifestations such as depression or anxiety in the weeks and 
months after pregnancy loss [32]. Furthermore, most women with a history of RM 
become anxious during subsequent pregnancies [33]. Craig et al. reported that in 81 
women with RM, 33% were diagnosed with depression, including 7.4% with severe 
depression [34].
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Fig. 9.2  Comparison of pregnant and nonpregnant women who ultimately had successful preg-
nancies and miscarriages. A study compared serum concentrations of 25-hydroxyvitamin D3 
(25(4)VD) and 25-hydroxyvitamin D-1α-hydroxylase (CYP27B1) in four groups: nulliparous 
women at 7–9 weeks of gestation who ultimately had (a) successful clinical pregnancies or (b) 
pregnancy loss and preconception women who ultimately had (c) successful clinical pregnancies 
or (d) one or more spontaneous first-trimester miscarriages (Hou W, et al., Eur J Clin Nutr. 2016)
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Maternal stress is associated with an increased risk of pregnancy loss [35, 36]. 
Studies in mice have also shown that stress induces pregnancy loss [37, 38]. In a 
study of women who miscarried during the first trimester, decidual tissue from sub-
jects with high stress scores had significantly higher numbers of tryptase-positive 
mast cells, CD8-positive T cells, and tumor necrosis factor-α–positive cells, which 
suggests that stress triggers the induction of maternal immunological fetal rejection 
via the activation of cytotoxic T lymphocytes and Th1 cells in the local decidua 
[39]. Moreover, an elevated maternal cortisol level during early pregnancy is a risk 
factor for miscarriage [40], and compared with patients without mental health prob-
lems, those with any mental health disorder before pregnancy have a significantly 
higher risk of miscarriage or stillbirth [41]. Contradictory studies have reported no 
evidence for as a risk factor for abortion [42, 43]; therefore, the adverse effect of 
stress on pregnancy remains controversial.

Meanwhile the decrease in pregnancy loss rate by mental care after abortion as 
“tender loving care” was reported [44, 45]. Notably, however, there is no specific 
remedy for unexplained RM.  Trials of patients with unexplained RM who are 
treated with placebo have shown high live birth rates [46–50] (for details, refer to 
the section “Past Pilot Study of Unexplained Recurrent Miscarriage”). The admin-
istration of a placebo may reduce stress in patients with unexplained RM, thereby 
lowering pregnancy loss rates. However, the lack of specific risk factors for miscar-
riage is a cause of further anxiety in patients with RM, which leads to a vicious 
cycle of pregnancy loss. Some RM patients undergoing treatment describe their 
uncertainty about subsequent pregnancies as a feeling of entering a dark tunnel. 
Therefore, it is important for caregivers to inform patients that 75% of women with 
unexplained RM achieve a live birth after proper evaluation and treatment [44, 51]. 
The reduced fecundity and increased miscarriage rates associated with advanced 
reproductive age should be considered. Thus, in patients with diminished ovarian 
reserves or age >40 years, infertility treatment including in vitro fertilization should 
be considered even if spontaneous conception has occurred.
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Chapter 10
Perturbation of Endometrial 
Decidualization

Keisuke Murakami, Keiji Kuroda, and Jan J. Brosens

Abstract  The hallmark of the reproductive system in women is cyclic decidualiza-
tion and menstruation. In contrast to other mammals, decidualization of the human 
endometrium is initiated by endocrine, rather than embryonic, cues. Decidual 
response is induced by the postovulatory rise in progesterone and local cyclic AMP 
production. Endometrial shedding in menstruation is triggered by falling progester-
one levels, and then endometrium initiates the next regenerative process. Adequate 
interactions between a developmentally competent embryo and a receptive decidu-
alized endometrium are indispensable for reproductive success. Emerging evidences 
suggest that decidualizing cells act as a biosensor for embryo quality upon implan-
tation and determine whether to support further development or trigger early rejec-
tion. Further, recent findings focus on the role of endometrial MSCs in organizing 
endometrial regeneration and decidualization. Here, we provide an overview of 
decidualization and then expand to clinical reflections for recurrent pregnancy loss 
and recurrent implantation failure.

10.1  �Introduction

Reproduction in humans is remarkably inefficient compared to many other species. 
Monthly fecundity rates (MFR) in fertile couples average only 20% [1]. In contrast, 
MFR of other mammals such as rabbit and baboon are approximately 80–90%. The 
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reasons for the inefficient human reproduction system may be multifactorial, but it 
is primarily attributed to the high prevalence of chromosomal abnormalities in 
embryos lowering their developmental potential. Recent array-based technology 
revealed that the frequency and complexity of chromosomal abnormalities in human 
preimplantation embryos are much higher than previously thought [2, 3]. 
Mertzanidou et  al. reported that chromosomal aberrations were detected in over 
70% of good-quality cleavage stage IVF embryos [4]. The reason for the genomic 
instability of human preimplantation embryos has not been clarified. However, 
emerging evidence suggests that the human endometrium plays an active and impor-
tant role controlling implanting embryos [5, 6].

The hallmark of the human reproductive cycle is cyclic decidualization and 
menstruation triggered by endocrine, rather than embryonic, cues [5]. Increasing 
evidence has clarified that decidualizing cells act as a biosensor for embryo qual-
ity upon implantation [5–8]. Adequate interactions between a developmentally 
competent embryo and a receptive decidualized endometrium are a key step for 
successful implantation and subsequent pregnancy maintenance. Failure to 
express the receptive phenotype in the endometrium is responsible for subfertility 
and implantation failure, whereas prolonged excessive endometrial receptivity 
permits implantation of delayed or compromised embryos resulting in early preg-
nancy loss [9]. In this section, we provide an overview of decidualization and then 
expand to clinical implications including implantation failure and early pregnancy 
loss.

10.2  �Overview of Endometrial Regeneration 
and Decidualization

The human endometrium undergoes more than 400 menstrual cycles during a 
period of woman’s reproductive years. This dynamic menstrual cycle is divided 
into three phases: menstruation, proliferative, and secretory (Fig.  10.1). 
Menstruation is the first phase of the uterine menstrual cycle and stimulates cyclical 
endometrial regeneration through the recruitment and activation of endometrial 
mesenchymal stem cells (MSCs). The endometrium initiates proliferation with 
gradually increasing amount of estrogen. After ovulation, increasing progesterone 
produced by the corpus luteum and local cyclic AMP production stimulates the 
endometrial differentiation process known as decidualization [5]. This process is 
initiated around the terminal spiral arteries and morphologically characterized by 
transformation of stromal fibroblasts into specialized secretory decidual cells. 
From a functional perspective, decidualization has the important roles of regulating 
trophoblast invasion, mobilizing specialized uterine natural killer (uNK) cells, and 
controlling unique vascular remodeling. As decidualization progresses, endome-
trial stromal cells transition through two distinct functional phenotypes: an initial 
acute inflammatory state followed by an anti-inflammatory, mature secretory state. 
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This dynamic inflammatory secretome switch in decidualization coincides with the 
window of implantation and natural embryo selection.

10.3  �Implantation Window

Implantation is a complex process characterized by the acceptance of a semialloge-
neic embryo by the maternal endometrium. Adequate interactions between a devel-
opmentally competent embryo and a receptive decidualized endometrium are 
indispensable for successful implantation. The process of implantation is subdivided 
into several phases: apposition, adhesion, penetration, and trophoblast invasion. 
These sequential complex steps can be successfully accomplished during only a 
self-limited period known as the implantation window [10]. This brief period coin-
cides with days 20–24 of the menstrual cycle, thus 6–10 days after the luteinizing 
hormone surge [5, 11]. Previously, Wilcox et al. studied the relationship between the 
time of implantation and the pregnancy outcome by measuring daily urinary ovarian 
hormone metabolites and hCG from fertile couples who conceived naturally [12]. In 
this study, 84% of conceptions could be detected between 8 and 10 days after ovula-
tion. Early pregnancy loss was least frequent when implantation occurred between 
6 and 9 days (13 early losses among 102 pregnancies, 13%), and the risk rose to 
26% with implantation on day 10, 52% on day 11, and 82% after day 11 [12]. The 
timing of implantation is a significant contributing factor for successful pregnancy.

Cytokine

eMSC

ESC

Pro-inflammatory ESC

Decidualized ESC

Uterine NK cell

28211471

Shedding

Regeneration

Decidualization

Implantation
window

Natural embryo
selection window
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Fig. 10.1  Cyclical endometrial regeneration and decidualization. During each cycle, the human 
endometrium undergoes regenerative process characterized by shedding, proliferation, and differ-
entiation. Abundant cytokines produced by the endometrium during menstruation recruit and acti-
vate endometrial mesenchymal stem cells and induce cyclical regeneration. Upon decidualization, 
the human endometrium becomes receptive to the implanting embryo; this period is the implanta-
tion window. As decidualization progresses, endometrial stromal cells transition from an acute 
inflammatory state to an anti-inflammatory, mature secretory state. Decidualized endometrial cells 
have a role in detecting embryo quality and determining whether to support further development 
or trigger disposal of the implanting embryo. Identification of an abnormal embryo results in rejec-
tion with endometrial shedding in menstruation, which then initiates the next regenerative process. 
eMSC endometrial mesenchymal stem cell, ESC endometrial stromal cell
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10.4  �Natural Embryo Selection

Recent evidence suggests that decidualizing endometrial stromal cells serve as bio-
sensor for embryo quality upon implantation [5–8]. This observation introduced the 
concept of “natural embryo selection,” which means that decidualizing endometrial 
cells respond to individual preimplantation embryos in a manner that either supports 
further development or facilitates early rejection [5, 6]. Teklenburg et  al. used a 
human co-culture model consisting of decidualizing endometrial stromal cells and 
single-hatched blastocysts to identify the soluble factors involved in implantation 
[7]. In this study, the co-culture with a normally developing blastocyst had no sig-
nificant effect on the secretion of implantation factors by decidualizing stromal cells. 
However, a remarkable response was noted when the embryo seemed to be arrested 
during the co-culture period, characterized by selective inhibition of several interleu-
kins, C-C motif chemokine 11 (CCL11), and heparin-binding EGF-like growth fac-
tor (HB-EGF) secretion. Co-cultures were performed in the same way with 
undifferentiated endometrial stromal cells, but the distinct response was not noted, 
irrespective of embryo quality [7]. Weimar et  al. employed a modified migration 
assay, consisting of a monolayer of decidualizing human endometrial stromal cells 
with a single human embryo placed in the migratory zone [8]. Decidualizing cells 
could selectively migrate toward high-grade, but not low-grade, human embryos [8]. 
In the process of acquiring the role of biosensor for implanting embryos, human 
endometrial stromal cells need to appropriately adapt and rebalance their receptivity 
versus selectivity traits for successful implantation. A prolonged or excessive recep-
tive phenotype could facilitate implantation of even compromised embryos, thus 
increasing the likelihood of miscarriage. In contrast, expressing an excessively 
selective phenotype could reject even the developmentally competent embryos, thus 
leading to implantation failure and conception delay (Fig. 10.2) [5].

10.5  �Decidualization and Recurrent Pregnancy Loss

Approximately 15% of clinically confirmed pregnancies result in miscarriage. Most 
miscarriages are sporadic and caused by chromosomal aberrations of the conceptus. 
However, some couples experience early pregnancy loss repeatedly, and they are 
considered to have a distinct disorder. The American Society for Reproductive 
Medicine defines recurrent pregnancy loss (RPL) as two or more pregnancy losses, 
whereas the European Society for Human Reproduction and Embryology has 
adopted a definition of three or more consecutive pregnancy failures [13, 14]. It is 
estimated that approximately 5% of women suffer two consecutive miscarriages, 
and 1% of women suffer three or more consecutive miscarriages [15]. Ogasawara 
et  al. reported that, with each additional miscarriage, the frequency of abnormal 
embryonic karyotypes decreases, whereas the likelihood of subsequent miscarriage 
increases [16]. Known risk factors for RPL include parental chromosomal, 
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immunological, thrombophilic, endocrine, and uterine anatomical abnormalities. 
However, in over 50% of RPL cases, no specific cause is identified even after detailed 
examinations [17]. Furthermore, most perceived causes of RPL lack specificity and 
are also commonly present in women with normal pregnancies. It is suggested that 
some women may suffer RPL due to a super-receptive endometrium that permits 
implantation of even compromised embryos [9]. MFRs of super-fertile women are 
60% or more, which is remarkably higher than normal fertile (20%) and subfertile 
(5%) women [9]. It is estimated that 79% of women are fertile, 18% subfertile, and 
3% super-fertile [18]. A retrospective woman-based analysis of the time-to-
pregnancy (TTP) intervals in 560 RPL couples revealed that 40% could be consid-
ered super-fertile, defined by a mean TTP of 3 months or less [18]. Fortunately, the 
cumulative live birth rate after several miscarriages is still predicted to be high in 
most RPL couples, which implies the decidual response is programmed to vary in 
each cycle and adequate embryo-endometrial interactions can still occur for a suc-
cessful pregnancy [5]. Previous in vitro assays demonstrated that human endome-
trial stromal cells from RPL women shows abnormal decidual responses characterized 
by a prolonged proinflammatory response, inadequate induction of decidual marker 
genes, increased vulnerability to oxidative stress, aberrant responses to hCG, and 
inability to distinguish between high- and low-quality human embryos [5]. Although 
the underlying mechanisms of decidualization remain incompletely understood, 
recent findings focus on the role of endometrial MSCs in organizing endometrial 
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Fig. 10.2  Balancing endometrial receptivity and selectivity. Human preimplantation embryos are 
genomically remarkably diverse. To achieve reproductive success, the human endometrium needs 
to adapt and rebalance its receptivity and selectivity. An excessively receptive endometrium could 
facilitate implantation of even compromised embryos, thus increasing the likelihood of miscar-
riage. In contrast, an excessively selective endometrium could reject even developmentally compe-
tent embryos, leading to implantation failure and conception delay. Referred from Gellersen et al. 
[5], partially modified
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regeneration and decidualization [19]. It seems plausible to hypothesize that the 
responsiveness of endometrial cells to decidual signals in each cycle relates to the 
precedent activation of regenerative MSCs. Recently, it was reported that MSCs are 
localized to the endometrial perivascular microenvironment and establish distinct 
cytokine and chemokine profiles in the decidual process. This implies a potential 
role in regulating trophoblast invasion and governing local immune responses [19]. 
Further, intriguing findings suggest that there is an inverse correlation between the 
abundance of clonogenic MSCs in the endometrium and the number of previous 
miscarriages [20]. These findings encourage the development of novel treatment 
strategies targeting MSCs in recurrent pregnancy loss, although further studies are 
expected.

10.6  �Decidualization and Recurrent Implantation Failure

Implantation is the key rate-limiting step in assisted reproductive technology (ART). 
In ART, failed implantation is defined as the lack of an hCG rise to detectable levels 
after embryo transfer. Recurrent implantation failure (RIF) is defined as the absence 
of implantation following consecutive transfers of high-quality embryos. The 2005 
ESHRE PGD Consortium defines RIF as the absence of implantation after three or 
more embryo transfers with high-quality embryos or after replacement of a total of 
ten or more embryos in multiple transfers, with the exact number to be determined 
by each center [21]. The cause of failed implantation can be iatrogenic, lie with the 
embryo, the maternal uterine environment, or a combination. Maternal uterine fac-
tors can be subdivided into anatomical and non-anatomical disorders. Anatomical 
disorders include submucosal myoma, endometrial polyps, and uterine malforma-
tion. If these disorders are detected by screening, they can be treated using surgical 
intervention. Non-anatomical disorders include perturbation of decidualization, 
mismatched implantation window, abnormal local immune surveillance, and 
chronic endometritis. Decidualization is characterized by transition from the acute 
inflammatory to anti-inflammatory phase. The initial acute inflammatory phase ren-
ders the endometrium receptive for implantation, whereas the following mature 
secretory phenotype enables the endometrium to select embryos and maintain preg-
nancy [22]. Recent secretome analysis of primary endometrial stromal cells isolated 
prior to successful or failed IVF cycles revealed that secretome profiles diverge 
between both groups [23]. Contrary to RPL, some RIF women may have an aberrant 
highly selective mechanism that inappropriately rejects good-quality embryos [9].

10.7  �Treatment Strategies

10.7.1  �Progesterone Treatment in Early Pregnancy

Progesterone is an indispensable female sex hormone that induces decidualization 
and is essential for successful implantation and pregnancy maintenance. Some 
women may suffer RPL or RIF because of inadequate progesterone secretion and/
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or impaired responsiveness of endometrial cells to progesterone actions. Therefore, 
supplementation with progesterone can be beneficial, although not always. Kumar 
et  al. conducted a double blind, placebo-controlled, randomized trial with oral 
dydrogesterone administration in unexplained RPL women and demonstrated a 
reduction in the incidence of subsequent miscarriages compared to placebo [24]. In 
contrast, a recent multicenter, double blind, placebo-controlled, randomized trial 
investigating the effectiveness of vaginal progesterone administration in unex-
plained RPL women showed no improvement in live birth rate [25], perhaps reflect-
ing the fact that progesterone treatment was initiated only when the pregnancy was 
well established. A recent meta-analysis of randomized, controlled trials showed 
that supplementation with progestogens reduces the risk of subsequent miscarriage 
(RR 0.72, 95% CI 0.53–0.97) and increases the live birth rate (RR 1.07, 95% CI 
1.02–1.15) compared to the placebo group [26]. There are discrepancies regarding 
the effectiveness of progesterone in RPL women depending on the study quality and 
differences in route, dosage, and period of progesterone administration. Taken 
together, progesterone administration to enhance decidualization remains a reason-
able treatment option for unexplained recurrent reproductive failures, although fur-
ther trials are warranted.

10.7.2  �Endometrial Scratching for Impaired Decidualization 
and RIF

The effectiveness of artificial endometrial injury to improve subsequent decidual 
responses has been long recognized. Indeed, many clinical studies demonstrated the 
benefits of endometrial scratching in the luteal phase prior to an IVF/ICSI cycle for 
increasing implantation and pregnancy rates. Karimzadeh et al. conducted a ran-
domized controlled trial investigating the effectiveness of endometrial scratching 
performed during the previous cycle in patients with RIF and showed that implanta-
tion and clinical pregnancy rates increase after endometrial scratching [27]. In con-
trast, a randomized controlled trial of 300 unselected subfertile women failed to 
show a beneficial effect of endometrial scratch, performed in the preceding cycle, 
on improving the ongoing pregnancy rate [28]. These conflicting results may be 
attributable to patient differences, such as the number of previous failed implanta-
tions. So far, no trial has been performed in RPL women. The mechanism to improve 
endometrial receptivity by artificial scratching has not been incompletely under-
stood; however, cytokines, chemokines, and growth factors produced by locally 
injured endometrium are presumed to be key factors for improving subsequent 
pregnancy rates. Liang et al. compared the secretome profile between endometrial 
injury and non-endometrial injury groups, and they showed that endometrial injury 
promoted the induction of several cytokines including IFN-γ and VEGF and 
improved clinical pregnancy rates [29]. MSCs that possess the homing ability to the 
injury sites might be key regulators for promoting endometrial regeneration and 
providing a suitable microenvironment for implantation. Whether recruitment and 
activation of endometrial MSCs account for the improvement of endometrial per-
formance following artificial tissue injury remains to be tested.
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10.7.3  �Prednisolone Treatment for RPL

RPL is considered a multifactorial disorder, and an aberrant immunological response 
to pregnancy is thought to play a major role in the pathogenesis. Several studies 
have demonstrated the association between RPL and the high density of uNK cells 
in the preimplantation endometrium [30–32]. Quenby et al. have demonstrated that 
the increased density of uNK cells associated with the aberrant angiogenesis might 
expose the embryo to excessive oxidative stress, thus increasing the risk of miscar-
riage [33]. They have also demonstrated that high number of uNK cell in preimplan-
tation endometrium of recurrent miscarriage women can be efficiently reduced by 
administration of prednisolone [34]. However, a pilot randomized controlled trial 
that recruited 40 recurrent miscarriage women with high uNK cell density showed 
that prednisolone administration had no significant improvement in live birth rate 
(RR 1.5, 95% CI 0.79–2.86) [35]. To date, the effectiveness of prednisolone remains 
controversial. An excessive anti-inflammatory effect by prednisolone could also 
raise the adverse concern inhibiting implantation; prednisolone administration is 
not recommended for unselected recurrent miscarriage women.
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Chapter 11
Treatment Strategy for Unexplained 
Recurrent Miscarriage

Keiji Kuroda

Abstract  Couples with unexplained recurrent miscarriage (RM) cannot achieve 
live birth, because of repeated sporadic abortion or undetected causes of RM on 
common examinations. The undetected causes of RM include complexed multiple 
risk factors of pregnancy loss as multifactorial disease and perturbation of endome-
trial decidualization. To avoid subsequent pregnancy loss, recommendations for RM 
treatment include modification of lifestyle habits to eliminate risk factors of miscar-
riage; vitamin D supplementation, if deficient; adequate diagnosis and treatment of 
chronic endometritis; and oral dydrogesterone treatment as a part of “tender loving 
care.” If patients have diminished ovarian reserves or are >40 years old, infertility 
treatment should be recommended. If subsequent pregnancy ends in miscarriage, 
chromosome analysis of chorionic villi samplings is required for planning treatment 
strategy of the subsequent pregnancy. If the result is euploid, further investigations 
for the cause of RM and reexamination of treatment strategy are required.

Keywords  Unexplained recurrent miscarriage · Decidualization · Dydrogesterone  
Vitamin D · Tender loving care · Chromosome analysis of chorionic villi

11.1  �Screening for Recurrent Miscarriage (RM) 
and Lifestyle Modification

In humans, miscarriage accounts for 10–15% of all clinical pregnancies. RM is 
defined as three or more consecutive miscarriages detected in the intrauterine 
cavity [1]. The incidences of two or three consecutive accidental miscarriages 
occur at calculated rates of 1–3% and 0.1–0.3%, respectively. These incidence 
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rates are significantly low compared with the actual prevalence rates of 4.2% and 
0.9%, respectively [2]. Therefore, screening for RM is important when planning 
treatment. Risk factors for RM include thrombophilia, uterine malformation, 
endocrine abnormality, and chromosome structural abnormality (for details, refer 
to the section entitled “Unexplained recurrent miscarriage-Introduction”). A gen-
eral treatment protocol for RM is shown in Fig. 11.1. The treatment methods for 
RM with risk factors are omitted. When focusing on unexplained RM, patients 
may suffer repeated sporadic abortions fortuitously. However, some couples can-
not achieve live birth because of factors undetected by common RM screening 
methods. The undetected causes of RM include complexed multiple risk factors 
of pregnancy loss as multifactorial disease and perturbation of endometrial 
decidualization.

Miscarriage is considered a lifestyle-related disease, because multiple factors of 
lifestyle habits, such as environment and genetics, can impact pregnancy outcomes 
[3, 4]. Therefore, an interview with the patients to ask their lifestyle habits and psy-
chological trauma from a previous pregnancy is very important when planning the 
treatment strategy for a subsequent pregnancy. Risk factors of lifestyle habits for 
miscarriage are shown in Fig. 11.2. Factors that increase risks of miscarriage 1.5- to 
2-fold include maternal as well as paternal smoking of >10–20 cigarettes per day [5, 
6], caffeine intake of >2–3 cups of coffee per day [7], alcohol consumption of >2 
drinks per week [8], and obesity (body mass index >30 kg/m2) [9]. These lifestyle 
habits are associated with early sporadic miscarriage. However, the linkage between 
RM and each individual factor remains controversial. Multifactorial combinations 
may trigger repetitive pregnancy losses. Therefore, adverse lifestyle factors should 
be modified for next pregnancy, such as cessation of smoking and alcohol intake, 
reduction of caffeine intake, and weight loss by exercise.

Recurrent miscarriage 
(RM)

Screening for RM

With risk factors

Thrombophilia

Low dose aspirin
(+ Low molecular weight

heparin)

Uterine malformation

No treatment
or

Hysteroscopic surgery

Endocrine  disorder

Normalization of
endocrine abnormality 
by medical treatment

chromosome structural
abnormality

No treatment
or

PGD

without risk factors

Unexplained RM or
repeated sporadic

abortion

Treatment
as unexplained RM

Fig. 11.1  Treatment protocol of recurrent miscarriage (RM). Risk factors for RM include throm-
bophilia, uterine malformation, endocrine abnormality, and chromosome abnormality. A basic 
remedy for RM is a therapeutic strategy against the causes of pregnancy losses. When no risk fac-
tor was found by common RM screening, couples should be treated as having unexplained RM 
with undetected factors. PGD and preimplantation genetic diagnosis
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Vitamin D deficiency is also associated with pregnancy loss [10]. Confirmation of 
serum 25-hydroxyvitamin D3 [25(OH)VD] level and preconception vitamin D supple-
mentation are also important to prevent pregnancy loss. Further, maternal stress is 
related to an increased risk of pregnancy loss [11, 12]. Most women with a history of 
repeated pregnancy losses and stillbirth have suffered physical and psychological 
stress and have experienced anxiety for a subsequent pregnancy [13]. Therefore, it is 
important to inform patients that 75% of women with unexplained RM achieve a live 
birth after proper evaluation and treatment to relieve their stress and to support them 
with periodic consultation as tender loving care [14, 15] (for details, refer to the section 
entitled “Unexplained recurrent miscarriage-Lifestyle habits and pregnancy loss”).

11.2  �Advanced Maternal Age and Miscarriage

In developed countries, there is a concern about change in the population structure, 
such as late reproductive age of women resulting in a declining fertility rate. A 
large-scale study of 634,272 Danish women and 1,221,546 pregnancies showed that 
the risk of a spontaneous pregnancy loss was 11.1, 11.9, 15.0, 24.6, 51.0, and 93.4% 
in those aged 20–24, 25–29, 30–34, 35–39, 40–44, and ≥45 years, respectively. The 
incidence of spontaneous pregnancy loss increases exponentially with maternal age 
in women aged ≥35 years (Fig. 11.3) [16]. Therefore, consideration of the patient’s 
age is important for a successful live birth when treating for RM.

In women with RM aged ≤30 years at the first consultation, the cumulative live birth 
rate reaches >80% in 5 years; in fact, pregnancy outcome is little affected by aging. 
However, the cumulative live birth rate in women with RM is approximately 70%, 
60%, and only 40% in those aged 30–34, 35–39, and ≥40 years, respectively (Fig. 11.4) 
[17]. Therefore, patients aged ≥40 years with unexplained RM should be persuaded to 
consider infertility treatment, even if they have conceived spontaneously.

Parental smoking Caffeine intake Alcohol use Obesity

> 10-20
cigarettes/day

> 2-3 cups of
coffee/day

> 2 drinks/week BMI >30 kg/m2 

coffeeeeee/d/d/d/d/ aayyyyyyyy

Fig. 11.2  Risks for miscarriage increase 1.5- to 2-fold according to lifestyle habits. Risk factors 
of lifestyle habits causing sporadic miscarriage are shown. The risks that increase miscarriage by 
1.5- to 2-fold are maternal as well as paternal smoking of >10–20 cigarettes per day, caffeine 
intake of >2–3 cups of coffee per day, alcohol consumption of >2 drinks per week, and obesity 
(body mass index >30 kg/m2)
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11.3  �Impaired Decidualization of Endometrium and RM

Fertility can be assessed by the monthly fecundity rate (MFR), i.e., the probability 
of achieving pregnancy within one menstrual cycle. Compared with other mamma-
lian species, the average human MFR is relatively low at 20%. In 1950, Tietze et al. 
[18] reported that 79% of 1727 women who desired pregnancy had normal fertility, 
whereas 18% were subfertile or infertile, and 3% were superfertile with a MFR of 
≥60%. In humans, the incidence of embryo wastage and miscarriage is estimated to 
be 30% before implantation and 30% before 6 weeks of gestation, and 10–20% of 
clinical pregnancies are classified as “embryo wastage iceberg” (Fig. 11.5). Recent 
reports demonstrated that decidualized endometrial stromal cells serve as biosen-
sors of embryo quality [19–21]. The endometrial cells in superfertile women may 
have disordered embryo receptive ability (natural embryo selection hypothesis; 
Fig. 11.5). RM partially occurs due to inadequate endometrial receptivity of preim-
plantation embryos, which should have been wasted as in superfertility [22]. The 
incidence of early pregnancy loss increases with later implantation periods after 
ovulation in an exponential manner (Fig. 11.6) [23]. Some patients with unexplained 
RM may repeat pregnancy losses with a delayed window of implantation due to 
impaired decidualization of the endometrium.

During the postovulatory period, the uterine endometrium is decidualized 
under the effect of progesterone. Endometrial angiogenesis is induced to receive 
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Fig. 11.3  Age-specific incidence rates of miscarriage. A large-scale study in Denmark showed that 
the risks of a spontaneous pregnancy loss in women aged 20–24, 25–29, 30–34, 35–39, 40–44, and 
≥45 years were 11.1%, 11.9%, 15.0%, 24.6%, 51.0%, and 93.4%, respectively. The incidence of 
spontaneous pregnancy loss increases exponentially with maternal age in women aged ≥35 years. 
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Fig. 11.5  Embryo wastage iceberg (natural embryo selection). In humans, the incidence of 
embryo wastage is estimated to be 30% before implantation and 30% before 6 weeks of gestation, 
and 10–20% of clinical pregnancies are classified as “embryo wastage iceberg.” Superfertile 
woman with extremely high fecundity and miscarriage rates was reported in 3% of women. The 
endometrial cells in superfertile women may have disordered embryo receptive ability (natural 
embryo selection hypothesis). Repeated pregnancy losses occur partially due to inadequate endo-
metrial receptivity of preimplantation embryos, which should have been wasted in superfertility. 
Teklenburg G et al., Mol Hum Reprod, 2010
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a competent embryo by angiogenic factors, including inflammatory cytokines 
secreted from uterine natural killer (uNK) cells [24]. uNK cells also play a sig-
nificant role in spiral artery remodeling and trophoblast invasion during early 
pregnancy [25]. uNK cells, which are CD56bright and CD16−, have low cellular 
cytotoxicity and are phenotypically and functionally different from CD56dim and 
CD16+ peripheral blood NK cells. Several publications have reported a relation-
ship between RM and aberrant high uNK cell density in mid-luteal phase endo-
metrial cells [26–28]. Glucocorticoids, such as prednisolone, can suppress excess 
numbers of uNK cells and abnormal angiogenesis [29, 30]. Therefore, successful 
live births in patients with RM with abnormally high levels of uNK cells after 
prednisolone treatment have been reported [29]. Tang et al. [31] performed a pilot 
randomized controlled trial of prednisolone treatment (20 mg for 6 weeks, 10 mg 
for 1 week, 5 mg for 1 week) for women with RM with a high density of uNK cells. 
The live birth rate in the prednisolone group was higher at 60.0% (12/20 cases) 
compared with 40.0% (8/20 cases) in the placebo group, yet there was no sig-
nificant difference. Regarding implantation, an inflammatory response with pro-
inflammatory cytokines and prostaglandins is an important process for an embryo 
to attach and invade into the decidual endometrium [32–34]. Glucocorticoids may 
potentially inhibit implantation.

Another player, progesterone, is an essential factor for decidualization of  
the endometrium, implantation, and maintenance of pregnancy. Progesterone 
is also an activator of local cortisone during decidual transformation of the 
endometrium leading to direct and indirect regulation of uNK cell density via 
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glucocorticoid receptors [28, 35, 36]. Furthermore, progesterone can inhibit con-
traction of uterine smooth muscle and production of prostaglandins, and it also 
induces production of helper T-cell cytokines, leading to optimization of immune 
tolerance for an embryo [37]. Therefore, progesterone is expected to be thera-
peutically efficacious for RM. Coomarasamy et al. [38] reported a multicenter, 
randomized controlled trial (PROMISE study) of vaginal progesterone supposi-
tories (400 mg twice daily) for women with unexplained RM. Of 836 women 
with three or more prior miscarriages, the live birth rate in the progesterone 
group was 65.8% (262/398 cases), which was comparable to the 63.3% (271/428 
cases) rate in the placebo group. Synthetic progestogen, including dydrogester-
one, is effective for unexplained RM, according to a systematic review [39, 40]. 
In particular, Kumar et al. [41] demonstrated the impact of dydrogesterone treat-
ment (10  mg twice daily) on unexplained RM via regulation of helper T-cell 
cytokines. Therefore, systemic administration of synthetic progestogen may be 
effective compared with vaginal natural progesterone treatment. Also, progester-
one treatment has no harmful effects on implantation, placentation, and the fetus 
(for details, refer to the section entitled “Unexplained recurrent miscarriage-Per-
turbation of endometrial decidualization” and “Past pilot studies for unexplained 
recurrent miscarriage”).

Chronic endometritis (CE), which is a persistent inflammation of the uterine 
endometrium, occurs in approximately 50–70% of women with RM [42, 43]. CE is 
caused by a wide variety of microorganisms [44]; thus, broad-spectrum antibiotics 
against a wide range of bacteria, such as oral doxycycline or ciprofloxacin + metro-
nidazole, are the most common treatment for CE [45]. CE is also a cause of impaired 
endometrial decidualization [46]. Although we cannot identify whether CE results 
in or from miscarriage, CE is strongly associated with infertility and pregnancy loss. 
Therefore, CE should be diagnosed and adequately treated before initiation of ther-
apy for subsequent pregnancy (for details, refer to the section entitled “Unexplained 
infertility-Implantation failure 1: intrauterine circumstance and embryo–endome-
trium synchrony”).

11.4  �Treatment Strategy for Unexplained RM

To our knowledge, there is no established efficient treatment for unexplained RM 
according to past pilot studies. However, combined various treatments and supple-
mentations may prevent pregnancy loss. The treatment protocol for unexplained 
RM is shown in Fig. 11.7. First, we can confirm intrauterine circumstances using 
hysteroscopy and serum storage form of vitamin D [25(OH)VD] and treat patients, 
if any problems are detected. Tender loving care is also an important therapy for 
relieving stress and anxiety. If some treatments are to be used as placebo for 
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psychological support, oral dydrogesterone supplementation is recommended 
because it is harmless for implantation and pregnancy and effective for optimization 
of endometrial decidualization. Low-dose aspirin and prednisolone treatment have 
anti-inflammatory actions that may have adverse impacts on implantation. Also, if 
the patients have diminished ovarian reserve or are >40 years old, infertility treat-
ment including in vitro fertilization should be recommended even if spontaneous 
pregnancy has occurred.

In patients with RM in whom subsequent pregnancy unfortunately ended in 
miscarriage despite every possible treatment, when planning the treatment strat-
egy for the subsequent pregnancy, it is necessary to clarify whether the RM 
resulted from maternal or fetal problems. Chromosome analysis of chorionic villi 

Treatment for unexplained recurrent miscarriage
• Lifestyle modification
• Tender loving care
• Supplementation of progesterone and vitamin D
• Antibiotics for chronic endometritis

Miscarriage
Chromosome analysis in 

chorionic villi

Abnormal karyotype

Aneuploidy

No change of a 
treatment strategy

Structural abnormality

Chromosome analysis in
couples

Normal karyotype

Further investigations
and reexamination of a

treatment strategy

Ongoing pregnancy

Fig. 11.7  Treatment protocol of unexplained recurrent miscarriage (RM). For avoidance of subse-
quent pregnancy loss, recommendations for a RM treatment strategy include modification of life-
style habits to eliminate risk factors of miscarriage, vitamin D supplementation, if deficient, 
adequate diagnosis and treatment of chronic endometritis, and oral dydrogesterone treatment as a 
part of tender loving care. When subsequent pregnancy ended in miscarriage, chromosome analy-
sis in chorionic villi samplings was required to plan treatment strategy of the subsequent preg-
nancy. When the analysis of villi showed chromosomal aneuploidy, miscarriage was unavoidable. 
Therefore, current treatment should be continued. When structural chromosomal abnormality was 
found, parental genetic analysis was needed. If the result was euploid, further investigations for the 
cause of RM and reexamination of a treatment strategy are required
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samplings is the only alternative to determine the answer. When obtaining chori-
onic villi samplings, accurate separation of chorionic villi from maternal decidua 
is crucial for successful analysis of the miscarriage tissue. The villi appear white 
and fluffy after washing with normal saline solution. Murugappan et al. [47] dem-
onstrated a video of the separation technique of villi. When analysis of the villi 
showed chromosomal aneuploidy, miscarriage was unavoidable without preim-
plantation genetic screening. Therefore, current treatment should be continued for 
the subsequent pregnancy. When a structural chromosomal abnormality was 
found, parental genetic analysis was required. If parental chromosomal abnor-
malities were recognized, the subsequent pregnancy loss rate was higher than that 
in couples with normal karyotypes. When proceeding to preimplantation genetic 
diagnosis for avoiding pregnancy losses, the cumulative live birth rate is compa-
rable to that of natural conception [48]. Therefore, it is important for gynecolo-
gists to inform patients that 63–66% of couples with chromosomal abnormalities 
can achieve live birth after spontaneous conception [48–50]. If the result of chro-
mosomal analysis of pregnancy tissue is euploid, further investigations for the 
cause of RM and reexamination of a treatment strategy are required.
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