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 10 % to 15 % of clinical pregnancies have resulted in 
miscarriage.

 1-2% miscarriages / per couples who try to conceive.

(Macklon NS et al, 2002; Rai R  et al 2006)



 In humans even in optimal circumstances – clinical 
recognized pregnancy in one cycle or the so called 
monthly fecundity rate is around 30 % .  

 In contrast MFR is 80% in baboons and 90% in 
rabbits.

(Chard T, 1991; . Foote RH 1988; Stevens VC 1997)
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 Assisted reproductive technologies (ART) represent 
average 30 % pregnancy rate. 

 Around 50% of human conception fails implantation.

 Up to half of implanted embryos fail to progress in 
ongoing pregnancy.
 (Macklon N 2002; Macklon N 2014)

Ongoing pregnancy rate Dr. Shterev
HOSPITAL



Live births 
30%

Miscarriage
10 %

Early pregnancy loss 
30 %

Implantation failure 
30 %

CONCEPTION

Macklon et al, Hum Reproduction Update, 2002

40-50%

-True incidence of pregnancy loss is 
closer to 50%. 

- This renders miscarriage as the 
most common complication of 
pregnancy
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 Antiphospholipid syndrome

 Endocrine abnormalities
 Thyroid dysfunction
 Diabetes

 Chromosome aberrations

 Uterine structural malformation

 Trombophilias

 Unknown factors in 50 % of cases. 
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 The enormous rate of early pregnancy loss in humans
thought to be as a consequences of two key features of 
human embryos: 

 1. High prevalence of chromosomal abnormalities.
 2. Invasiveness.
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-Good-quality cleavage-stage 
embryos exhibit high rates of 
aneuploidy. 

-28.6% - completely normal.

-71.4% - mosaic and structural 
aberrations.

- No embryo contained
the same aneuploidy in all of its 
cells.
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 The rate of aneuploidy is decreased during 
development to the blastocyst stage.

 Santos MA et al,  Hum Reproduction 2010:
 Prevalence of aneuploidy decreases from 83% on Day 

4 of development to 42% on Day 8.

 Fragouli E et al , Hum Genet 2013:
 Observed aneuploidies in 58% of blastocysts;
 Peri-implantation human embryos are intrinsically 

chromosomally diverse and predominantly mosaic.
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 Preimplantation genetic diagnosis (PGD) reveals that 
women with recurrent miscarriage (RM) produce more 
aneuploid embryos than normal women 
(Simon 1998, Vidal 1998, Pellicer 1999, Gianaroli 2000).

 The majority of these aneuploid embryos come from 
maternal oocyte abnormalities 
(Cobo 2001, Robinson 2001) 
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 Ovarian hyperstimulation - risk factor for high rate of 
oocyte abnormality 
(London et al 2000; Santos MA, 2010; Baart et al. 2007; Katz-Jaffe et al. 
2005; Lubbadeh et al. 1980, Kanayama & Osada 2000).

 Diminished ovarian reserve (DOR) as a cause of 
recurrent miscarriage
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Fertility and Sterility, May 2016
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Infertility patients with hormonal evidence of 
diminished ovarian reserve have a significantly 
higher percentage of aneuploid blastocyst

Diminished ovarian reserve may contribute to 
recurrent pregnancy loss

Unexplained RPL may be associated with 
diminished ovarian reserve and should 
be considered in the workup of RPL.

Fertill Steril, 2000 
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Fertility and Sterility, Oct. 2016
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Fertility and Sterility, Oct 2016

1. Performing IVF 
with CS in RM 
patients

2. Ovarian reserve 
testing for RPL 
patients
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Although the most common cause of sporadic
miscarriage is embryonic aneuploidy, primarily derived
from aneuploid eggs, the question is what role the male
partner might play in pregnancy loss.

Role of spermatozoa in the etiology
of miscarriage
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Robinson L et al; Hum Reprod 2012
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 The negative impact of high DNA fragmentation on 
pregnancy can be overcome by using high-quality oocytes
(Meseguer M et al, 2008)

 There is a threshold beyond which sperm DNA damage 
cannot be repaired.

 Lin M et al find out that in high DNA stainability ( HDS) > 
15% and DNA fragmentation index (DFI) > 27 % can be 
expected higher abortion rate.

(Lin M et al, 2008)

Sperm DNA fragmentation and miscarriage 
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- A prospective, observational, cohort study in men with 
Olygoastenozoospermia and High sperm DNA Fragmantation (SDF)

- SDF index was approximately 5-fold lower in testicular sperm (TESTI)
compared with in ejaculated sperm (EJA)

- Pregnancy and miscarriage rates favored the TESTI-ICSI group 

Esteves S. et al; Fertil Steril 2015
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Achieving of pregnancy is depend on 
intimate interactions between a 
developmentally competent embryo and  
receptive endometrium.
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 Endometrial decidualization is 
a process imperative for 
pregnancy 
 (transformation of stromal

fibroblast into secretory decidual
cells) (Gellersen B, 2007]. 

 Implantation depends on 
intimate dialogue between 
endometrial stromal cells 
(ESCs) and an interacting 
embryo
 elicited by influx of specialized 

uterine immune response and 
vascular remodelling.

 Decidua is a very important 
determinant for the 
selection of genomically
abnormal blastocysts.

Decidua and 
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 Decidual cells are programmed 
to select against embryos with 
insufficient hCG production
and by profound immune 
response (Teklenburg G et al,2010). 

Arrested 
embryo

Develoving
embryo
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Decidualized ESCs selectively recognize the presence of a developmentally
impaired embryo and respond by inhibiting the secretion of key
implantation mediators (e.g. IL-1b and HB-EGF) and immunomodulators
(e.g. IL-5, -6, -10, -11, -17, and eotaxin).

Dr. Shterev
HOSPITAL



 Spontaneous decidualization of the endometrium
resulting in cyclic menstruation and regeneration 
represents a strategy to facilitate implantation and at 
the same time to safeguard the mother against
abnormal embryos. 

 As a result, the miscarriage can be seen as a 
natural process of quality control.
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 Decidualizing endometrial stromal cells are 
programmed to migrate toward implantation-
competent blastocysts, which is an integral step in the 
implantation process (Weimar CH, 2007; Grewal S, 2008 and 
2010)

 This migration is triggered by signals from the 
trophoblast, 
 especially platelet-derived growth factor- AA (PDGF-AA) 

(Gellersen B, 2013; Gellersen B, 2010; Schwenke M, 2013; Weimar CH, 2013).
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 Weimar et al. observed that normally decidual cells 
migrate toward to high-quality human embryos and 
entirely inhibited in the presence of chromosomally 
abnormal embryos. 
 decidual cells have the capacity to actively hinder 

invasion and outgrowth of abnormal human embryos 

Decidual cell migration Dr. Shterev
HOSPITAL



PLoS ONE, 2012
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 Abnormal decidualization or so called “Super-receptive” endometrium
has the reducing ability to be ‘selective’ in response to embryo
quality, so embryos of low quality are implanted but rejected on a later
stage, presenting a clinical miscarriage.

Conversly, 

 In some cases of decidual deregulation, endometrial biosensor fail to 
respond to signals of high-quality embryos and represent a 
suboptimal environment for implantation and development.
 As a result, top quality blastocysts fail to implant.
(Macklon N et al, 2014; Salker M et al, 2011)
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Macklon and Brosens.
Biology of reproduction, 2014

Premature or excessive 
decidualization will increase the 
barrier function of the 
endometrium and super selectivity 
and reduce the likelihood of 
pregnancy or represent 
recurrent implantation 
failure (after IVF).

A prolonged or unopposed 
receptive phenotype will lead 
to miscarriages.

Conversely, 
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 Endometrial function can be considered in terms of 
both the epithelial feature of receptivity or ability to 
recognize and respond supportively to a high-quality 
embryo and the decidual function of selectivity.

 The implication of this data is to reveal
RM and recurrent implantation failure as two 
sides of one process.
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 1.  True incidence of pregnancy loss (preclinical plus clinical) is closer 
to 50%, which renders miscarriage as the most common complication 
of pregnancy.

 2. Women with recurrent miscarriage produce more aneuploid
embryos than normal fertile women.

 3. Diminished ovarian reserve may contribute to recurrent pregnancy 
loss and represent higher percentage of aneuploid blastocysts in age 
group under 38. 

 4. Miscarriage rates are positively  correlated with sperm DNA damage  
levels with higher abortion rate in threshold of DNA fragmentation 
index  > 27 %.
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Conclusions:

 6. Decidual cells have the capacity to abandon impaired embryos so 
the miscarriage can be seen as a natural process of quality control. 

 7. Impaired decidual programming of the endometrium is an 
important mechanism underlying miscarriage.

 8. Recurrent miscarriage and Recurrent implantation failure are two 
sides of one process.
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