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Introduction
Spontaneous and recurrent pregnancy loss has a common 
occurrence globally and approximately 15% of clinically 
recognized pregnancies are lost spontaneously [1]. The available 
literature documents that only 30% of pregnancies result in live 
birth [1]. The American Society of Reproductive Medicine 
(ASRM) defines it as two or more failed pregnancies. Recurrent 
pregnancy loss is historically defined as consecutively three 
pregnancy losses prior to 20 weeks from the last menstruation 
cycle [1]. According to the recommendations, clinical intervention 
is required after only two consecutive pregnancy losses, if other 
abnormal features are available like detectible fetal heart activities, 
advanced maternal age, or couple subfertility [2]. The prevalence 
ranges between 0.8 and 1.4% among patients positive for clinical 
pregnancy [3,4]. The pathogenesis of RPL is multifactorial and 
still remains undefinable in more than 50% of cases. 

A plethora of risk factors associated with RPL include the 
presence of parental chromosomal anomalies (translocations), 
prothrombotic conditions, endocrinological problems, uterine 
structure, immune system of women, hormonal abnormalities, and 
thyroid diseases, male factor, and DNA fragmentation, infection, 
endocrinological problems, epigenetic factors and chromosomal 
abnormalities in embryo [1] (Figure 1). However, almost 40-
60% of the RPL cases are idiopathic in origin. RPL is classified 

as primary when all the previous pregnancies have ended with 
miscarriage, and as secondary RPL, when one pregnancy leads 
to live birth or progressed at least 22 weeks. The aetiology and 
prognosis are different for primary and secondary RPL [5]. 

The standard methods to rule out RPL include testing for 
chromosomal translocation in both the parents, maternal 
examination for endocrine, autoimmune, anatomic and in some 
cases inherited single-gene disorders such as thrombophilia, still 
the RPL has been found unexplained in 45% to 50% [2,6]. 

With advancements in the area of reprogenomics, we have come a 
long way from performing only karyotype and Fluorescence in-situ 
hybridization (FISH) on placental or fetal tissue to preimplantation 
genetic testing or screening (PGS) on embryos. PGS has a great 
potential for avoiding pregnancy losses by detecting prenatal 
genetic aberrations and aneuploid embryos. However, an area 
that poses a lacuna in our understanding is the undesirable fetal 
loss even under stringent clinical follow-up and using PGS. 
A few mosaic embryos (as per recommended guidelines) are 
accepted to be transferred but the clinical outcome of pregnancy 
still remains uncertain. This is the first report of transfer of 
mosaic chromosome 20 in association with RPL. The clinical 
significance of chromosome 20 mosaicism remains unpredictable 
and uncertain because of the paucity of studies and inconsistent 
clinical findings without prospective prenatal and postnatal follow-
up in the available literature.
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ABSTRACT
Recurrent pregnancy loss (RPL) causes an immeasurable physical, emotional, and economical impact on the couple. RPL is a complicated challenging 
scenario in front of gynaecologists working in the area of reprogenomics. Chromosomal aneuploidy and mosaicism are common causes of sporadic early 
pregnancy loss and play an important proportion in RPL in patients undergoing in vitro fertilization (IVF). In a single-center case series, we report five cases 
of RPL after implantation of embryos with mosaicism of chromosome 20. The female partners were of advanced maternal age and had a history of previous 
miscarriages. The couple’s blood karyotype reports were normal and there was no family history of any inherited disease. The chromosomal aneuploidies 
were screened in day 5 embryos with good morphological grades. The day five trophectoderm biopsies were subjected to Preimplantation genetic screening 
(PGS) using the next-generation sequencing (NGS) technique. The couples were genetically counseled and written informed consents were taken before 
implantation explaining all the associated risks. All the clinical parameters were normal and the patients were in close observation with regular follow-up 
throughout the treatment. These cases had chromosome 20 mosaic embryo transfer resulting in fetal loss in first trimester of pregnancy. Our findings strongly 
suggest that chromosomal mosaicism in embryos is one of the leading causes of RPL in females with previous miscarriages and advanced maternal age. 
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Figure 1: Genetic and Nongenetic factors causing Recurrent 
Pregnancy Loss (RPL) and its Management

Studies have reported chromosome 20 trisomy and monosomy in 
amniotic fluid and in chronic villi samples in association with no 
gross anomalies and few showing association with RPL [7-11]. 
Very few reports have found a special chromosome anomaly Ring 
chromosome 20, in association with the development of neurological 
disorders such as refractory epilepsy [12]. Chromosome 20 
trisomy is a condition in an embryo (or an individual) with an 
extra chromosome 20 copy or a partial extra copy of chromosome 
20 in a few or all cells. The chromosome 20 trisomy is one of the 
most common types of chromosomal abnormality that is frequently 
found during prenatal diagnosis. Studies have shown that the 
fetus was usually normal in prenatally diagnosed individuals, 
however, there are many phenotypically abnormal features in 
case of chromosome trisomy 20 such as epilepsies, skeletal 
abnormalities, heart defects, spinal abnormalities, hypotonia, 
chronic constipation, sloped shoulders, and learning deficits. The 
trisomy 20 (gain) error develops during the oocyte or sperm cells 
formation before fertilization, and mosaic trisomy 20 develops 
during cell division soon after fertilization [10,11].

Since the clinical significance of chromosome 20 mosaicism 
embryo transfer remains uncertain. The present case series 
highlights chromosome 20 mosaicism associated with RPL in 
females with advanced maternal age and previous history of 
miscarriages.

Materials and Methods
Stimulation Protocol, Biopsy and Vitrification
The couples were treated at our center (between the years 
2020August-2022 March) with a previous history of recurrent 
miscarriages, and underwent IVF treatment with PGS. In all these 
cases controlled ovarian stimulation (COS) was done by short 
antagonist protocol. The dose of gonadotropin was calculated 
(based on anti-mullerian hormone) and was administered between 
150-300U. Egg aspiration was done under total intravenous 
anaesthesia after 36 hours of Human chorionic gonadotropin 
(HCG trigger). Intracytoplasmic sperm injection (ICSI) was used 
and a fertilization check was done after ~18 hours. Zygotes were 
cultured in media (recommended) for the 5th day and blastocysts 
were graded according to institutional protocol. The resulting day-
5 embryos of good morphological grades (5AA,4AA,5AB,5BA) 
were biopsied where many trophectoderm cells (5-8 cells) by using 
a laser were taken, collected in sterile phosphate buffer saline (1X) 
(Affymetrix) and stored at -200C. The vitrification method was 
used to freeze the embryos. These were further subjected to PGS 
based on NGS assay. The trophectoderm DNA was then screened 
for genetic abnormalities, and only the compatible embryos were 
transferred into the uterine cavity under strict quality control 

conditions as per recommendations and after obtaining patient’s 
consent. During the course of pregnancy, ultrasonography was 
used to observe the status of Crown Rump Length (CRL), Nuchal 
Translucency (NT) and nasal bone. Maternal serum concentrations 
of free beta (β)-hCG biomarker were checked and regular follow-
up was done. Informed consent was obtained from the individual(s) 
for the transfer of embryos and for publication of any potentially 
identifiable images or data in this study.

Whole-Genome Amplification (WGA)
Pre-Implantation Genetic Screening for Aneuploidy (PGS) was 
performed on day-5 biopsied embryos using the standard operating 
protocol of NGS. DNA was extracted from the trophectoderm, 
followed by whole genome amplification (WGA) using Ion Torrent 
Ion SingleSeqTM96 kit (Thermo Fisher Scientific, USA). The DNA 
libraries were purified and pooled followed by gel electrophoresis 
or DNA concentration was measured using QubitTM dsDNA HSkit, 
for quality control. Ion chef loading was done using the required 
chip (as required) after diluting the purified and pooled library. 
The NGS procedure was completed using the Ion Chef System 
(Thermo Fisher Scientific, USA) and Ion S5 sequencer (Thermo 
Fisher Scientific, USA). The data analysis was performed using 
Ion Reporter Software 5.10.5.0 using preconfigured workflow 
ReproSeq Mosaic PGS w1.1.

Results
High-resolution PGS by NGS has been used to reliably detect 
mosaic samples with 20-80% aneuploid cells. The female partners 
were aged between 32-42years, with weights ranging from 55-
68Kg, with North Indian ethnicity, poor ovarian reserve, no 
history of smoking, no diabetes, and no previous family history 
of inherited disease. The couple karyotypes were normal females 
having 46XX and males having 46XY. All patients had previous 
history of miscarriages. The patients underwent IVF treatment 
and day-5 embryo biopsies were subjected to PGS. The age of 
female partners and embryos screened for PGS with their clinical 
outcome have been detailed in Table 1 and a whole-genome view 
picture representing the mosaic gain on one of the chromosome 
20 have been shown in figure 2. The pregnancy loss occurred in 
the first trimester of pregnancy.

Case1
A 32-year female presented with infertility of 6years duration 
and previous pregnancy losses. The couple had normal karyotype 
reports and screen results were negative for antiphospholipid 
antibodies (APLA). Evaluation of all the clinical reports by 
the concerned gynecologist of the couple found moderate 
Oligoasthenoteratozoospermia (OATS) in the partner hence, 
the decision for ICSI was taken. The patient conceived with the 
transfer of a single embryo in the first cycle without PGS done 
on the embryo (as their decision). Unfortunately, this resulted in 
miscarriage in the 6th week. The decision for PGS was taken because 
4 more potential embryos were remaining. Due to the acceptable 
transfer protocol of mosaic embryos as per recommendations 
of the Preimplantation Genetic Diagnosis International Society 
(PGDIS), the embryo with mosaic gain in chromosome 20 was 
selected and the decision for transfer was taken13. Though the 
patient conceived and was uneventful in the initial few weeks it 
resulted in a miscarriage at the 7th week of pregnancy.

Case 2
Another couple profile with a history of previous 3 abortions at 
approximately 6-8 weeks with normal karyotype and negative 
Antiphospholipid antibodies (APLA) screen underwent IVF. 
The OCS was performed and taken for ICSI. The trophectoderm 
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biopsied embryos were subjected to PGS. The option was to 
transfer the embryo with chromosome 20 mosaicism. Initially, 
there was no complication, and the patient conceived which 
resulted in a miscarriage in the 8th week.

Case 3
The couple was presented with previous 2 miscarriages at 12 
weeks and 8 weeks respectively for unexplained reasons and came 
to our center for IVF treatment. Cytogenetic analysis of couple 
of karyotypes were normal and there was no family history of 
inherited disease. IVF treatment was initiated, OCS was performed 
and ICSI was used. The trophectoderm biopsied embryos were 
subjected to PGS and results showed most of the embryos were 
aneuploid and one with chromosome 20 mosaicism. Therefore, 
the decision was taken and the patient was counseled detailing all 
the consequences of embryo transfer with mosaicism and the risk 
of miscarriage. The transfer was made and the patient conceived 
but was unsuccessful and the fetus could not survive beyond the 
6th week even after close observation. 

Figure 2: Whole-Genome view showing Chromosome 20 
Mosaicism (gain) in one of the cases

Case 4
The female patient was of 37-year-old with a history of IVF 
failure with 2 unexplained miscarriages previously. The couple’s 
karyotype was normal and there was no family history of an 
inherited disease. The couple came to our fertility center seeking 
fertility treatment. The female partner had no known allergies, 
no sexually transmitted diseases, and was negative for APA. 
All routine tests and clinical parameters were checked and IVF 
treatment was initiated. The day-5 embryo biopsy was subjected to 
PGS. The embryo with chromosome 20 mosaicism was transferred 
after taking informed consent and a counseling session completed 
with the couple. Initially, the pregnancy was uneventful but the 
fetus could not survive beyond the 5.5 weeks.

Case 5
The mother aged 42 years had previous IVF failures, had Polycystic 
ovary syndrome (PCOS), and had previous miscarriages. The 
couple had normal karyotype reports with no family history 
of any inherited disease. The IVF treatment was initiated. The 
embryo biopsies were subjected to PGS to screen for chromosomal 
aneuploidies. None of the embryos were euploid, the only 
choice was one embryo with mosaicism of chromosome 20 and 
transferred after counseling and obtaining informed consent 
from the patient. Post transfer the pregnancy was without any 
complications however, the fetal loss was reported at the 7.2th 
week of pregnancy in this case.

Table 1: Patient details and Clinical outcome of Pregnancy
Case

Number
Patient’s 

Age (Years)
Oocyte 
source

Total Number of 
embryos screened 

for PGS

Mosaicism 
(% gain)

Miscarriage
 at week

P-1 32 Self 5 Chr 20 
(45%)

7th 

P-2 35 Self 8  Chr 20 
(25%)

8th 

P-3 36 Self 6 Chr 20 
(35%)

6th

P-4 37 Self 6  Chr20 
(25%)

5.5

P-5 42 Self 3 Chr 20 
(35%)

7.2

Discussion
Several factors of genetic, autoimmune, and environmental play 
an important role in the pathophysiology of RPL (Figure-1). 
Maternal age is one of the crucial factors, related to the increase 
in the frequency of abnormal or mosaic embryos [2]. The quality 
of the oocyte, embryo, its morphological grade, and many other 
parental factors may cause RPL. The errors in meiosis resulting 
in aneuploidy in embryos are the possible reasons behind failed 
implantation, miscarriages, and congenital birth defects as reported 
previously [14,15]. The available literature documented that 
postzygotic, mitotic nondisjunction events result in presence of 
both normal, abnormal, or mosaic cell lines. Although there is 
no such study prospective or retrospective in the literature, we 
report it for the first time. The mosaicism of chromosome 20 
results in significant changes in clinical and phenotypic expression 
varying from individual to individual depending on the degree 
of mosaicism.

There are a few studies explaining abnormal chromosome 20 
(aneuploid, trisomy 20, monosomy 20) in association with 
developmental delays, miscarriages, and epilepsy respectively 
[16,17]. Mosaicism with less than 40% levels of trisomy 20 in 
amniotic fluid (<40% trisomic cells) were associated with a lower 
risk for abnormalities [18]. An association between the level of 
trisomy and outcome, with only 4% abnormal outcomes when 
<40% trisomic cells were reported [18]. However, clinical trial 
or case reports including transfer of embryo with varying degrees 
of mosaicism of chromosome 20 in association with prenatal or 
postnatal follow-up are lacking.
 
In the present study, we report five cases in which chromosome 
20 (mosaic) embryos were implanted, resulting in unsuccessful 
pregnancy and miscarriages within 6 to 8 weeks. The PGS was 
performed to screen the chromosomal aneuploidies in cells before 
the implantation of embryos. The clinical indications common in 
our patients were advanced maternal age (except one patient), poor 
ovarian reserve, recurrent miscarriages, recurrent implantation 
failures, and previous abnormal pregnancy. Cytogenetic reports 
of couple karyotyping were normal in all the cases and there was 
no family history of an inherited disorder. 

We observed embryos implanted with chromosome 20 mosaicism 
(gain) resulted in fetal loss. The fetal demise was diagnosed by 
ultrasound scan and the gestational age at the time of miscarriage 
was estimated in all the patients under close observation and follow-
up. In our study, one patient was having PCOS, with previous 
miscarriages. PCOS has been reported to be associated with an 
increased risk of miscarriages, in approximately 25% of cases 
either following spontaneous conception or ovulation induction 
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previously [19,20]. The possible explanation for RPL in these cases 
is advanced maternal age, previous history of miscarriage, and 
PCOS in one case. Epidemiological studies have related advanced 
maternal age as one of the strong risk factors for the increase in 
chromosomal mosaicism and abnormalities [21, 22]. The authors 
claimed that the frequency and distribution of cytogenetically 
abnormal miscarriages in couples with spontaneous abortions or 
recurrent miscarriages were more among females with advanced 
age [21]. The rate of aneuploid embryos and miscarriages were 
significantly higher among these with a maximum gestational age 
at the time of fetal loss <2 weeks [21]. 

It has been well established previously that the mosaic embryo 
transfer is an alternative option only for patients in absence of 
any euploid embryo indicated from PGS, and should be opted 
only after comprehensive genetic counseling, patient’s consent, 
and follow-up along with recommended prenatal diagnosis [23]. 

Previous miscarriages have also been one of the major risk factors 
which might have increased the susceptibility to miscarriage. In 
our study, all the cases had a history of miscarriages. It has been 
reported that the risk of further fetal loss increases to approximately 
50% among females with three or more miscarriages without a 
liveborn infant [24-26]. 

Since the molecular mechanism underlying RPL remains uncertain 
we hypothesize that the increased stress on the endometrium of 
the uterus and de novo genetic variants and nondisjunction events 
may be the causes for RPL in our cases. Although the endometrium 
has a good potential for plasticity and regeneration, the repeated 
events hamper the endometrium to prepare for pregnancy or 
decidualization [27]. Probably the persistence of miscarriages 
even after any conception cycles might have resulted in successive 
pregnancy loss. Additionally, the mosaic embryos might have 
not met the mechanism of self-correctness and did not survive. 

It has been observed previously that in couples who had repeated 
miscarriages or recurrent implantation failure after IVF, the 
proportion of chromosomal disturbances was found to be 
accentuated [28]. 

Our findings are in concordance with previous reports. A study 
reported seven spontaneous abortions with non-mosaic trisomy 
20 associated with miscarriages and evaluated meiotic origin in 
five cases (three maternal and two undetermined) and probable 
somatic origin in two cases [29]. 

An extra copy of chromosome 20 in all the cells is a rare condition, 
and a fetus with this chromosomal abnormality does not survive 
past the first trimester of pregnancy [16]. Trisomy 20 mosaicism 
is found in prenatal diagnosis, and the rate of a poor outcome 
was 6.5% with wide variability in phenotype [7]. The liveborn 
were observed with abnormalities such as growth retardation, 
hypotonia, structural and neurological abnormalities and seizures, 
facial dysmorphism, failure to thrive, and developmental delay.

The majority of reported studies have found that miscarriages occur 
in chromosomally normal parents due to abnormal chromosomes 
in the implanted embryo. However, balanced chromosome 
abnormalities have been reported among 2–5% of patients with 
recurrent miscarriages [30]. In our study, all the patients were 
normal as clear from available peripheral blood karyotype reports. 

In a metanalysis, an association between an abnormal outcome 
in 50% (5/10) of the pregnancies with higher than 80% trisomy 
20 cells, 28% (17/61) of the pregnancies with greater than 40% 
trisomy 20 cells, and 4% (8/201) of the pregnancies with less 
than 40% trisomy 20 cells, has been documented [18]. However, 
provided a contradictory approach and stated that trisomy 
mosaicism levels do not influence the outcome in prenatally 
detected mosaic trisomy 20, and therefore, a second amniocentesis 
is needed along with genetic counselling [31,32]. It has been 
hypothesized that the maximum chromosomal abnormalities 
observed/ found in spontaneous miscarriages occur de novo and 
are due to random errors that occurred at the time of gametogenesis 
and embryonic development [33]. The risk of a fetal trisomy 
increases with advanced maternal age [34,35]. Since the average 
age of women bearing their first child has increased over the 
last two decades in developing as well as developed countries, 
chromosomal anomalies have likely to become more frequent 
and prevalent [34]. 

Mis-segregation errors at the time of fertilization and impaired 
cleavage morphokinetics can result in an embryo with 
chromosomal abnormalities. Studies focussed on mosaicism of 
chromosome 20 trisomy have shown that the infant born were 
normal in the vast majority of prenatally diagnosed cases [36]. 
However, abnormalities reported included spinal problems 
(including spinal stenosis, vertebral fusion, and kyphosis), 
hypotonia (decreased muscle tone), lifelong constipation, sloped 
shoulders, and significant learning disabilities despite normal 
intelligence [36]. Although the risk for congenital abnormalities 
in a low level of trisomic cells is less than 10%, parents should 
be advised of additional risks, such as neurodevelopmental delay 
and neuropsychiatric manifestations [37]. 

Conclusion
RPL continues to be a challenge for patients as well as for 
gynaecologists. Therefore, ruling out the underlying reasons 
including embryo abnormalities can be of significance in decision 
making and management of RPL. Differences in the level of 
mosaicism of chromosome 20 may cause a remarkable variation 
in the clinical symptoms and phenotypic expression varying from 
individual to individual. In our case series, mosaicism was associated 
with poor clinical outcomes and RPL. The possibility of pregnancy 
post transfer of chromosome 20 (mosaicism), its capability to 
self-correct and the associated uncertain clinical outcome must 
be considered carefully along with the clinical recommendations. 
The decision to utilize embryos that are not clearly euploid (or 
mosaic or aneuploid) must be discussed thoroughly among the 
diagnostic team, genetic counsellor, and concerned gynaecologist 
and patient or couple undergoing IVF treatment. Our study confirms 
that chromosomal abnormality especially the chromosome 20 
mosaicism is one of the reasons contributing to RPL in patients with 
advanced maternal age and with a history of RPL. Chromosomal 
analysis or whole-genome analysis is a must to be done part to rule 
out the aetiology among couples with recurrent miscarriages in 
order to avoid the unfavorable outcome. The prenatally diagnosed 
mosaicism of chromosome 20 needs to be evaluated and investigated 
further in prospective cohort studies in order to alter the odds of 
RPL. The transfer recommendations should be followed along 
with comprehensive parental counseling advising on the risk 
associated such as developmental delay and miscarriages. We 
strongly recommend considering all the important clinical, genetic 
and nongenetic factors along with guidelines while deciding on the 
transfer of mosaic embryos to optimize and manage the favorable 
outcome in cases with RPL.
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