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Abstract 
Background: Assisted reproduction techniques (ARTs) and the preimplantation ge-

netic test for aneuploidies (PGT-A) help couples with fertility problems to achieve a 

healthy live birth around the world. The aim of this study was to determine the rate 

of whole chromosomal copy number variations in embryos from couples undergoing 

ART and PGT-A, associations of chromosomal variations with embryo morphologi-

cal parameters, and their relationship to maternal age. 

Methods: This study included a retrospective analysis of the number of whole chro-

mosomal copies identified by aCGH in embryos from couples undergoing ART. 

Results: Seventy-six embryos from 29 couples using their own gametes were ana-

lyzed, of which 25 (32.9%) were chromosomally normal, and 51 (67.1%) were ab-

normal. Eleven embryos were evaluated from the group of couples with donated 

gametes, of which 5 (45.4%) embryos were chromosomally normal, and 6 (54.5%) 

embryos were abnormal. The main aneuploidies observed were trisomy X (7.8%), 

trisomy 21 (5.9%), trisomy 9 (3.9%), monosomy 11 (3.9%), monosomy 13 (3.9%) and 

monosomy X (3.9%), and the principal chromosomes affected were 19, X and 13. A 

significant association was found between the quality of the embryo and the genetic 

condition: embryos with euploidy and aneuploidy (p=0.046). 

Conclusion: The rate of aneuploidies from couples with their own gametes was 

67.1% (51/76) and from couples with donated eggs and/or sperm was 54.5% (6/11). 

The quality of the embryo determinated by the morphological parameters was not 

associated with the embryo genetic status, and also there was no association between 

maternal age and aneuploidy rate. 
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Introduction 
mbryo development is a complex process 

that begins with oocyte fertilization by the 

spermatozoa developing a zygote and later  
 

on a blastocyst (1, 2). In some cases, this cell pro-

cess results in an aneuploid embryo, which refers 

to an embryo with an unbalanced genome in which 

broad and/or focal losses and/or gains of chroma- 
 

 

 

 

 

 

tin can be present (3, 4). Aneuploidies may affect 

any of the 46 chromosomes affecting normal em-

bryo development and the rate of embryo implan-

tation, increasing the rate of spontaneous miscar-

riage and the rate of congenital defects (3, 5, 6). 

Different factors, such as advanced maternal age, 

male factor, male factor infertility and recurrent 
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miscarriages can affect the success of pregnancy 

and live births in couples around the world. As-

sisted reproductive technologies (ARTs) help in-

fertile couples to achieve a pregnancy and often 

culminate in a live birth (7, 8). ARTs, including in 

vitro fertilization (IVF) and intracytoplasmic sperm 

injection (ICSI), have contributed to the birth of 

approximately 5 million children worldwide (9, 10). 

The preimplantation genetic test for aneuploidies 

(PGT-A) has been used to identify genetically nor-

mal embryos, increasing the probability of a per-

son achieving a healthy pregnancy and therefore a 

successful birth per embryo transfer (11). The im-

plementation of the array-based analysis tech-

nique (aCGH) allows the screening of all 46 chro-

mosomes and enables efficient identification of 

chromosomal abnormalities in comparison with 

techniques such as fluorescence in situ hybridiza-

tion (FISH) (12, 13). 

The achievement of ART depends on multiple 

factors, such as the genetic status of the embryo, 

quality of the embryo, endometrial receptivity, 

and embryo transfer techniques (14, 15). The rate 

of chromosomal abnormalities in human embryos 

is approximately 21% to 85%. This wide variation 

is related to maternal factors such as age, earlier 

miscarriages, previous congenital diseases, and re-

current implantation failures, which decrease the 

likelihood of a live birth (12, 14, 16-22). Although 

multiple factors may contribute to the success of 

ART, such as IVF/ICSI, the main factor influenc-

ing the treatment outcome is the ability to select a 

genetically competent embryo (17). 

FISH was the first technique used in PGT-A. 

The FISH technique is a molecular cytogenetic 

method that permits the identification of a limited 

number of chromosomes by using simultaneously 

fluorescent labeled probes. The main probes used 

in the FISH technique are for the characterization 

of chromosomes 13, 18, 21, X, and Y, covering 

approximately 90-95% of aneuploidies in live-

born infants (23). Nevertheless, the advances in 

ART and PGT-A have allowed comprehensive 

chromosome screening (CCS) of all 46 chromo-

somes. aCGH has been clinically implemented 

due to its advantages in identifying broad and/or 

focal losses and/or gains across the genome (24-

26). 

Previous studies have identified that PGT-A can 

increase the successful embryo implantation and 

pregnancy rates from couples with advanced ma-

ternal ages, history of recurrent abortion, recurrent 

implantation failure, and pregnancies with aneu-

ploidies (5, 27, 28). In addition, PGT-A provides 

significant information from a single embryo prior 

to uterine transfer, improving the success rate 

(29). Therefore the aim of this study was to de-

termine the rate of whole chromosomal copy 

number variations in embryos from couples un-

dergoing ART, and their association with embryo 

morphological parameters, and maternal age. 
 

Methods 
Study design: This study was a retrospective an-

alysis of variations in whole chromosomal copy 

number identified in embryos from couples un-

dergoing ART in Fertility and Sterility Colombian 

Center (CECOLFES-Bogotá, Colombia) from 2016 

to 2018. The study was approved by the appropri-

ate ethics review committee of CECOLFES. 

All patients were counseled by fertility special-

ists regarding ART and PGT-A. 
 

Study objects: A total of 87 embryos were includ-

ed in the present study; there were 76 embryos 

from 29 couples without any gamete donation, 

and 11 embryos from 8 couples with donated gam-

etes. Couples with advanced maternal age (≥35 

years), male infertility, a history of recurrent mis-

carriage, recurrent implantation failure, and previ-

ous aneuploidies were included. All couples re-

ceived complete genetic counseling concerning 

possible advantages, previously reported success 

rates, and risks of misdiagnosis with the use of 

PGT-A analysis by array-CGH. Signed consent 

forms were obtained from all included couples in 

the present study. 
 

IVF/ICSI: Personalized ovarian stimulation pro-

tocols were performed according to ovarian re-

serve analysis for each patient, followed by oo-

cyte retrieval. The MII oocytes were fertilized and 

cultured in groups and droplets of one-step human 

embryo culture medium at 37°C, with 6% CO2 

and 5% O2. On day 5 or 6, blastocysts with differ-

entiated inner-cell mass (ICM) and trophectoderm 

(TE) were biopsied. 
 

Embryo biopsy and PGT-A: The blastocyst zone 

was opened at the side opposite to the inner cell 

mass. The Likos laser was used for biopsy, as re-

ported previously (30). Laser pulses between two 

trophectoderm cells and mechanical separation 

were applied to isolate 3-10 trophectoderm cells. 

The biopsied cell samples were pipetted into indi-

vidual PCR tubes previously labeled with the pa-

tient ID and the number of embryos. Sample tubes 

were frozen and shipped with ice packs and ana-

lyzed for PGT-A using Next Generation Sequenc-
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ing (NGS) at either Genesis Genetics in Brazil, 

São Paulo or Houston TX. Both facilities used the 

VeriSeq platform (Illumina, San Diego, CA). Re-

ports of euploid embryos were required to proceed 

for thawing of frozen embryos for elective frozen 

embryo transfer. 
 

Whole-genome amplification and DNA quantifica-

tion: Blastocyst biopsy was performed at the IVF 

laboratory of CECOLFES (Bogota, Colombia) ac-

cording to international protocols. The biopsied 

cells were lysed to release and retrieve the geno-

mic DNA. Subsequently, fragmented DNAs were 

preamplified and amplified according to the man-

ufacturer’s instructions for the Sureplex WGA 

system (Sureplex, Illumina, USA). Briefly, the 

cells were lysed in Sureplex cell extraction buffer 

and cell extraction master mix and incubated at 

75°C for 10 min followed by 95°C for 4 min. The 

DNA was randomly fragmented in Sureplex pre-

amplification mix and incubated for 1 cycle at 

95°C for 2 min, 12 cycles at 95°C for 15 s, 15°C 

for 50 s, 25°C for 40 s, 35°C for 30 s, 65°C for 40 

s, and 1 cycle of 4°C infinite hold. Finally, the 

Sureplex amplification mix was added, and the 

final program was as follows: 14 cycles of 95°C 

for 15 s, 65°C for 1 min, 75°C for min, and hold-

ing at 4°C. The dsDNA High-Sensitivity (HS) 

Assay Kit (Qubit®, Life Technologies, USA) was 

used to quantify the concentration of amplified 

DNAs. The amplification products from 87 biop-

sied embryo cells were used for aCGH analysis, 

and the NGS approach was used as a validation 

test. 
 

aCGH analysis: All amplified WGA products 

were assessed at Genesis Genetic Laboratory 

(Brazil, São Paulo) according to the protocols. All 

samples were tested on aCGH 24sure V3 microar-

ray (Illumina, Inc.). The products and the refer-

ence DNA were labeled with Cy3 and Cy5 fluor-

ophores using random primers for 2-4 hr. Slide 

preparation, hybridization, scanning and image 

analysis were performed according to the manu-

facturer’s instructions. Autosomal profiles were 

analyzed to identify whole chromosomal gain or 

loss ratios using a 3xSD assessment, greater than± 

0.3log2 ratio call, or both. For quality control of 

hybridization, female samples were hybridized 

with known male references sample (Sex mis-

match) with a consistent gain of chromosome X 

and consistent loss of chromosome Y. More de-

tails of the aCGH testing procedure can be found 

in Lai et al.’s study (31). 
 

NGS analysis: Next, NGS analysis was used as a 

validation test in some embryos analyzed. Ampli-

fication products were processed, bar-coded, puri-

fied, pooled, denatured, and then sequenced to 

prepare DNA libraries following the manufactur-

er’s guidelines (VeriSeq PGT-A Illumina, Inc). 

The MiSeq Reagent Kit v.3 (Illumina, Inc.) was 

used on a MiSeq System (Illumina, Inc.). The 

generated bioinformatics data were analyzed by 

BlueFuse Multi Software (Illumina, Inc.). Embry-

os were identified by a median chromosomal copy 

number deviation from the default copy number. 

Possible trisomy or monosomy of embryo auto-

somal chromosomes was seen as copy numbers 

>2 or <2, respectively. Details of preparation pro-

cedures and the determination of automated copy 

number for each chromosome on BlueFuse Multi 

Software (Illumina, Inc.) were described in Fiore-

ntino et al.’s (6) and Lai et al.’s study (31). 
 

Statistical analysis: The data were presented as 

percentages, the parametric continuous data as 

averages with standard deviations, and nonpara-

metric continuous data were presented as medians 

with maximum and minimum values. Compari-

sons of the percentage distribution between the 

groups were analyzed by the chi-square test. Sig-

nificant differences were defined as a two-sided p-

value<0.05. All the analyses were generated using 

the IBM software SPSS Statistics 22.0. 

 
Results 

Clinical characteristics of couples: Table 1 shows 

the clinical characteristics of all included couples 

(n=37); 29/37 (78%) of couples used their own 

eggs and sperm, and 8/37 (22%) couples used do-

nated eggs or sperm.  

The group of couples without any gamete dona-

tion (n=29) had a median female age of 41 years 

(Range 29–49 years). Approximately, 48.3% (14/29) 

of the women were aged between 41 and 46 years, 

and 89.7% (26/29) had advanced maternal age 

(≥35 years). The median male age was 43 (Range 

25–59 years), with 48.3% (14/29) of men distrib-

uted in the range of 40 to 47 years and 72.4% 

(21/29) presenting advanced paternal age (≥40 

years). Ten blood karyotypes were performed on 

couples without any gamete donation identifying 

one abnormal karyotype (10%) with a Robert-

sonian translocation 45,XY,rob (13;14)(q10;q10). 

Four couples presented recurrent pregnancy loss 

(13.8%), 17 couples showed male factors (73.9%), 

8 (40%) and 12 (60%) couples showed primary 
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and secondary infertility, 27.6% (8/29) of the 

couples had gone through failed assisted repro-

duction treatments and 10.3% (3/29) of couples 

presented pregnancies with previous aneuploidies: 

monosomy 13 and 19, trisomy 18 and trisomy 21 

(Table 1).  

A total of 64 cycles of ART (ICSI or IVF) were 

performed in the group of couples with their own 

gametes, with a median of 2 (Range 1-6) cycles 

per couple. A total of 72.4% of the couples in the 

group with their own eggs were treated with ICSI, 

13.8% were submitted to conventional IVF, and 

13.8% were treated with a combination of ICSI/ 

IVF. A total of 121 embryos were obtained from 

29 couples, and seventy-six embryos were genet-

ically analyzed (Table 1). 

In the group of couples with eggs and/or sperm 

donated for ART (n=8), the median female age 

Table 1. Characteristics of couples included in the study 
 

Characteristics  Non-donor Donor * 

All couples, n(%) 29 (78) 8 (22) 

Maternal age in years, median (range) 41 (29-49) 42 (35-47) 

 29-34, n(%) 3 (10.3) 0 (0) 

 35-40, n(%) 9 (31) 2 (25) 

 41-46, n(%) 14 (48.3) 5 (62.5) 

 >46, n(%) 3 (10.3) 1 (12.5) 

Advanced maternal age in years 
  

 <35, n(%) 3 (10.3) 0 (0) 

 ≥35, n(%) 26 (89.7) 8 (100) 

Paternal age in years, median (range) 43 (25-59) 40 (36-53) 

 25-33, n(%) 2 (6.9) 0 (0) 

 34-39, n(%) 6 (20.7) 3 (42.8) 

 40-47, n(%) 14 (48.3) 2 (28.6) 

 > 48, n(%) 7 (24.1) 2 (28.6) 

Advanced paternal age in years  
  

 <40, n(%) 8 (27.6) 3 (42.8) 

 ≥40, n(%) 21 (72.4) 4 (57.2) 

Cytogenetics, n 10 2 

Normal maternal karyotype, n(%)  9 (100) 1 (100) 

Altered maternal karyotype, n(%)  0 (0) 0 (0) 

Normal paternal karyotype, n(%) 9 (90) 1 (100) 

Altered paternal karyotype, n(%) 1 (10) 0 (0) 

Recurrent pregnancy loss, n(%) 4 (13.8) 0 (0) 

Male factor, n(%) 17 (73.9) 4 (50) 

Primary infertility, n(%) 8 (40) 1 (33.4) 

Secondary infertility, n(%) 12 (60) 2 (66.7) 

Previous ART failure, n(%) 8 (27.6) 4 (50) 

Previous aneuploidy, n(%) 3 (10.3) 2 (25) 

Monosomy 13 and 19, n(%) 1 (33.3) 0 (0) 

Monosomy 8, n(%) 0 (0) 1 (50) 

Trisomy 18, n(%) 1 (33.3) 0 (0) 

Trisomy 21, n(%) 1 (33.3) 1 (50) 

Type of ART 
  

 ICSI, n(%) 21 (72.4) 6 (75) 

 ICSI/IVF, n(%) 4 (13.8) 1 (12.5) 

 IVF, n(%) 4 (13.8) 1 (12.5) 

Number of total cycles ART, n (median, range/mean±SD) 64 (2, 1-6) 18 (2±1) 

Number of total cycles IVF, n (median, range) 14 (0, 0-3) 4 (0, 0-3) 

Number of total cycles ICSI, n (median, range/mean±SD) 50 (1, 0-6) 14 (2±1) 

Number of total cycles failure, n (median, range) 15 (0, 0-2) 5 (0, 0-2) 

Number of obtained embryo, n (mean±SD) 121 (4±2) 18 (3±2) 

Number of arrested embryo, n (median, range) 45 (1, 0-5) 7 (0, 0-3) 

Number of genetically analyzed embryo, n (median, range) 76 (2, 7-1) 11 (1, 1-6) 

Number of donor eggs, (mean±SD) NA 10 (2 ± 1) 

Number of couples with donor sperm, n (%) NA 2 (37.5) 
 

Abbreviations: NA= Not Applicable, ART= Assisted Reproductive Technology, ICSI= Intracytoplasmic Sperm 

Injection, IVF= In vitro Fertilization, ICSI/IVF= Intracytoplasmic Sperm Injection-in vitro Fertilization. 

* Couples with donated eggs or sperm 
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was 42 years (Range 35-47 years), with the main  

percentage being between 41 and 46 years old 

(62.5%, 5/8), and the median male age was 40 

years (Range 36-53 years). All female partners 

showed advanced maternal age (≥35 years), and 

57.2% (4/7) of males had advanced paternal age. 

Any blood karyotypes were performed on this 

group. Four couples presented male factors and 

primary and secondary infertility was present in 1 

and 2 cases, respectively. Fifty percent (4/8) of 

couples had previous unsuccessful assisted repro-

ductive treatments. Two couples out of 8 (25%) 

presented two previous pregnancies with aneu-

ploidies: monosomy 8 and trisomy 21 (Table 1). 

A total of 18 ART cycles were performed in the 

group of couples with gamete donation (Eggs and/ 

or sperm), with a mean of 2±1 cycles per couple. 

A total of 9 eggs were donated to couples from 

healthy women with a mean of 2±1 per couple, 

and two couples received a sperm donation. Of 

these couples, 75% (6/8) were treated with ICSI, 

12.5% (1/8) with IVF and 12.5% (1/8) with ICSI/ 

IVF. A total of 18 embryos from 8 couples were 

obtained, and 11 were genetically analyzed (Table 

1). 
 

Embryo characteristics: In this study, among the 

121 embryos obtained by ART from 29 couples 

with own gamete, 76 were included in the genetic 

study. Table 2 presents the characteristics of the 

analyzed embryos: 71/76 (93.4%) embryos were 

obtained from females with advanced maternal 

age (>35 years), and 56/76 (73.7%) embryos were 

obtained from males with advanced paternal age 

(>40 years). Approximately, 58/76 (76.3%) em-

bryos were obtained by ICSI, 14/76 (18.4%) em-

bryos by IVF and 4/76 (5.3%) by a combination 

of IVF and ICSI. 

The embryos obtained from couples with their 

own gametes were genetically analyzed by aCGH 

(n=76). A total of 25 (32.9%) embryos showed 

normal results, and fifty-one (67.1%) embryos 

displayed chromosomal aneuploidy. At present, 

77.6% of embryos (59/76) remain vitrified, and 

22.4% of embryos (17/76) were transferred to the 

uterus. From the transferred embryos, 88.2% dem-

onstrated successful implantation. Forty-seven 

percent of embryos presented positive hCG. 

In the group of couples with gamete donation for 

ART, 11 embryos were analyzed: 9 (81.8%) with 

donated eggs and 2 (18.2%) with donated sperm. 

Ten (90.9%) embryos were obtained through the 

ICSI procedure, and only one (9.1%) embryo was 

obtained by IVF. All embryos were genetically 

analyzed by aCGH (n=11). A total of five (45.5%) 

embryos were euploid, and six (54.5%) embryos 

showed abnormal results (Table 2). 
 

Genetic analysis results: The embryo aneuploidy 

rate was 67.1% (51/76) from couples with their 

own gamete, and the main aneuploidy was com-

plex aneuploidy of 5 or more chromosomes, 

which was observed in 14/51 (27.5%) embryos. A 

total of 13/51 (25.5%) embryos showed a broad 

gain of entire chromosomes as follows: broad gain 

of one entire chromosome (11/13), two entire 

chromosomes (1/13), and three entire chromo-

somes (1/13). A total of 12/51 (23.5%) embryos 

showed broad loss of entire chromosomes as fol-

lows: broad loss of one entire chromosome (10/ 

12), two entire chromosomes (1/12), and three 

entire chromosomes (1/12). A total of 6/51 (11.8%) 

embryos showed a broad loss or gain of entire 

chromosomes, 2/51 (3.9%) embryos showed a fo-

cal loss of chromosomes, 2/51 (3.9%) showed a 

focal gain of chromosomes, 1/51 (2%) showed a 

broad gain and focal loss of chromosomes, and 1 

(2%) embryo showed a broad focal gain and focal 

loss of chromosomes (Supplementary table 1). 

The main abnormalities observed in embryos 

with no complex aneuploidies were trisomy X 

(7.8%), trisomy 21 (5.9%), trisomy 9 (3.9%), 

monosomy 11 (3.9%), monosomy 13 (3.9%) and 

monosomy X (3.9%). Other abnormalities were 

present in 2% of all aneuploidies (Supplementary 

table 1). 

No aneuploidies were observed in the 3, 4, 14 

and Y chromosomes. Broad and/or focal gain and/ 

or loss of chromosomes was observed in the X 

chromosome with two broad gains, two focal 

gains and two broad losses. Chromosome 21 

showed four broad gains and one broad loss. 

Chromosome 19 showed three broad losses and 

three broad gains. Chromosome 13 presented two 

broad losses and one focal gain. Broad and focal 

loss was observed on chromosomes 1, 6, 10, and 

chromosome 20 showed a broad and/or focal loss. 

Broad and focal gain was observed in chromo-

some 2 with a focal gain, and chromosomes 7, 8, 

12 and 22 only showed a broad gain. Chromo-

somes 5, 9, 11, 15, 16 and 17 showed broad and/ 

or focal gain and/or loss (Figure 1).  

In the group of couples with eggs and/or sperm 

donated for ART, a total of 6 (54.4%) embryos 

presented abnormal results; one broad loss in 

chromosome 20, one broad gain in the chromo- 
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some 21, one broad gain and loss involving chro-

mosomes 18,19 and 20, and three complex aneu-

ploidies affecting 5 or more chromosomes (Sup-

plementary table 1). 
 

Association of maternal age and embryo quality: 

Supplementary table 2 shows the clinical charac-

teristics corresponding to embryo quality from 76 

couples without any gamete donation. The high- 
 

Table 2. Characteristics of embryos analyzed in the study 
 

Characteristics Non-donor Donor * 

All embryos, n(%) 76 (87.3) 11 (12.7) 
Maternal age (years) 

  
 29-34, n(%) 5 (6.6) 0 (0) 

 35-40 years, n(%) 18 (23.7) 3 (27.3) 

 41-46 years, n(%) 47 (61.8) 6 (54.5) 

 >46 years, n(%) 6 (7.9) 2 (18.2) 

Advanced maternal age (years) 
  

 <35, n(%) 5 (6.6) 0 (0) 

 ≥35, n(%) 71 (93.4) 11 (100) 

 Paternal age(years)   

 25-33, n(%) 3 (3.9) 0 (0) 

 34-39, n(%) 17 (22.4) 4 (40) 

 40-47, n(%) 34 (44.7) 4 (40) 

 >48, n(%) 22 (28.9) 2 (20) 

Advanced paternal age (years) 
  

 <40, n(%) 20 (26.3) 4 (40) 

 ≥40, n(%) 56 (73.7) 6 (60) 

Type of ART from which the embryo was obtained 
  

 ICSI, n(%) 58 (76.3) 10 (90.9) 

 ICSI/IVF, n(%) 4 (5.3) 0 (0) 

 IVF, n(%) 14 (18.4) 1 (9.1) 

Donor   

 Eggs, n(%) NA  9 (81.8) 

 Sperm, n(%) NA  2 (18.2) 

 Substitute mother, n(%) 5 (6.6) 0 (0) 

GENETIC STUDY   

 Number of cycle from embryo, median (range) 2 (1-5) 1 

 Gonadotropin dosage, median (range) 170 (75-225) 150 

 Duration of stimulation, median (range) 9 (8-10) 9 

 Day of biopsy, median (range) 6 (5-7) 6 

Genetic result by aCGH   

 Euploidy, n(%) 25 (32.9) 5 (45.5) 

 Aneuploidy, n(%) 51 (67.1) 6 (54.5) 

 Number of chromosomes affected, median (range) 2 (0-5) 2 (0-5) 

Destination of embryo   

 Transferred, n(%) 17 (22.4) 4 (36.4) 

 Vitrificated, n(%) 59 (77.6) 6 (54.5) 

 Investigation, n(%) 0 (0.0) 1 (9.1) 

 Implanted embryo, n(%) 15 (88.2) 2 (50) 

 Positive hCG, n(%) 8 (47.1) 0 (0) 

 Biochemical pregnancy, n(%) 5 (62.5) 0 (0) 

 Spontaneous Abortion, n(%) 0 (0) 0 (0) 

 Ongoing pregnancy, n(%) 1 (100) 0 (0) 
 Live birth, n(%) 2 (100) 0 (0) 

 

Abbreviations: NA= Not Applicable, ART= Assisted Reproductive Technology, ICSI= Intracyto-

plasmic Sperm Injection, IVF= in vitro fertilization, ICSI/IVF= Intracytoplasmic sperm injection-in 

vitro fertilization. * Couples with donated eggs or sperm 
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quality embryos from these couples represent 

those with a Gardner blastocyst grading scale 

score equal to or greater than 3BB; indeed, the 

total high-quality embryo formation rate was 

89.3% (68/76). Among these embryos, 27.6% (21/ 

76) had a quality of 4BB, 21.1% (16/76) had a 

quality of 4AA, and 17.1% (13/76) of embryos 

had a quality corresponding to 4AB. The percent-

age of high-quality embryos was not significantly 

correlated with maternal age (p=0.329). Only 

10.6% (8/76) of embryos had a quality below 

3BB, which came from a woman with advanced 

maternal age (≥35 years). All embryos from 

women aged between 29 and 34 years had a high 

quality score (4AB, 4BB, 5AA). 
 

Association of male factors and embryo quality: 

Forty-two embryos obtained from couples with 

their own gametes had male factor data. Embryo 

formation rates from couples in this group were as 

follows: 17.6% (9/42) of embryos were obtained 

from sperm samples with normozoospermia, 37.3% 

(19/42) of embryos were obtained from sperm 

samples with asthenoteratozoospermia, 9.8% (5/ 

42) were from sperm samples with cryptozoo-

spermia, 7.8% (4/42) of embryos were from sperm 

samples with oligoasthenoteratozoospermia, and 

27.5% (14/42) were from sperm samples with ter-

atozoospermia. In the present study, no associa-

tion was found between male factors, embryo ge-

netic status (p=0.275), and the implantation rate 

(p=0.435). 
 

Association of quality of embryo and euploidy/an-

euploidy status: Supplementary table 3 shows the 

genetic conditions of the embryos analyzed in the 

present study. Although there was no difference 

between the frequency of aneuploidies in embryos 

from couples with donated gametes and couples 

with their own gametes (54.4% vs. 67.1%, p= 

0.421), there were differences among the aneu-

ploidies observed in the embryos from couples 

without any gamete donation (p=0.011). In 3AA 

category embryos, no aneuploidies were observed 

(0% vs. 5.3%, p=0.017). 

It should be noted that, in the group of embryos 

from couples with their own gametes, although 

there were no significant differences, the highest 

frequency of aneuploidies was observed in em-

bryos with 4BB quality (22.4% vs. 5.3%, p= 

0.189) and 4AA (14.5% vs. 7.9%, p=0.887), and 

the majority of euploidies were observed in em-

bryos with 4AA (6/25), 4AB (5/25) and 4BB 

(4/25) quality. In the case of the group with gam-

ete donation, the quality of the embryo was not 

significantly associated with the genetic condition 

of the embryo. 

The quality of the embryo was not associated 

with the embryo genetic status: normal, broad 

and/or focal loss and/or gain (p=0.999). Neverthe-

less, 85.7% of embryos with low quality (Below 

3BB on the Gardner blastocyst grading scale) 

showed normal genetic results, and 27.9% of em-

bryos with high quality had normal genetic results 

(Supplementary table 4). 
 

Association of the day of biopsy and embryonic eu-

ploidy/aneuploidy status: Regarding the association 

between the day of embryo biopsy and embryo 

genetic status, no significant correlation was 

found in the group of embryos from couples with 

their own gametes (p=0.208). A total of 28 em-

bryos were analyzed on day 5; 60.7% (17/28) 

showed an abnormal result, and 39.3% (11/28) 

were euploid. A total of 61.8% (47/76) of embry-

os were analyzed on day 6; 72.4% (34/47) showed 

aneuploidies, and 27.6% (13/47) had normal re-

sults. Only one embryo was biopsied on day 7 and 

showed a normal result. 
 

Association of whole-chromosome abnormalities 

with maternal age: Supplementary table 5 depicts 

the observed chromosomal abnormalities accord-

ing to maternal age. Twenty-five embryos (32.9%) 

of all analyzable embryos were euploid, and fifty-

one embryos (67.1%) were aneuploid. Twenty-

three embryos (30.3%) had one affected chromo-

some, seven embryos (9.2%) showed two abnor-

mal chromosomes, 5 embryos (6.6%) presented 

three affected chromosomes, 2 embryos (2.6%) 

showed four affected chromosomes and fourteen 

Figure 1. The frequency of broad and/or focal gain and/or 

loss of DNA in each chromosome. Chromosomes 3, 4, 14 

and Y did not show a gain or loss of DNA, chromosomes 2, 

7, 8, 12, 18 and X only showed a gain in the genetic materi-

al, and chromosomes 1, 10 and 20 showed broad and/or fo-

cal loss of genetic material. The other chromosomes showed 

broad and/or focal gains and losses 
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embryos (18.4%) had five or more affected chro-

mosomes. The euploidy/aneuploidy status (p= 

0.209), the number of affected chromosomes (p= 

0.757) and the class of the chromosome abnor-

mality (p=0.293) were correlated with maternal 

age in the group of couples with any type of dona-

tion. 

The embryos from women between the ages of 

29 and 34 years showed aneuploidies that affected 

one chromosome or five or more chromosomes, 

and the embryos from women between 35 and 40 

years presented aneuploidies in one, two, three 

and five or more chromosomes. In women be-

tween 41 and 46 years old, the embryos had aneu-

ploidies that could affect one to five or more 

chromosomes, and the embryos from women be-

tween 41 and 46 only showed aneuploidies in one 

or two chromosomes. 

The main class of chromosomal abnormalities in 

embryos from women between 29 and 34 years of 

age was characterized as complex abnormalities, 

where 5 or more chromosomes were compro-

mised. In embryos from women between 35 and 

40 years old, the main observed aneuploidy was a 

broad gain. In embryos from women between 41 

and 46 years old, the main classes of chromoso-

mal abnormalities were complex abnormalities 

followed by broad loss and broad gain of chromo-

somes. Finally, embryos from women older than 

46 years of age were classified as having a broad 

loss, both broad and focal losses and both broad 

gains and losses (Supplementary table 6). 

Cycle outcome: From the total number of trans-

ferred embryos, 58.8% (10/17) of embryos were 

from women between 41 and 46 years of age. In 

this group, 60% (6/10) of embryos were trans-

ferred into the uterus, and 33.3% (2/6) of embryos 

showed positive hCG but did not show ultrasound 

pregnancy signs. The 35.3% (6/17) of transferred 

embryos were from women between 35 and 40 

years of age. In this group, all embryos exhibited 

successful implantation, one was a biochemical 

pregnancy and only one embryo succeeded in a 

live birth. The 5.9% (1/17) of transferred embryos 

were from women with over 46 years of age, and 

the embryo exhibited successful implantation and 

ongoing pregnancy took place. The rate of trans-

ferred embryos (p=0.186), implanted embryos (p= 

0.452), positive hCG results (p=0.446) and bio-

chemical pregnancy (p=0.293) were not associat-

ed with maternal age in the group of couples with 

their own gametes (Supplementary table 7). 

 

Discussion 
PGT-A is performed to increase the rate of a 

healthy pregnancy and genetically normal live 

births in couples receiving ART. The PGT-A 

technique is recommended for couples with a his-

tory of recurrent implantation failure, recurrent 

miscarriages, advanced maternal age, and male 

infertility factors (32). Chromosomal abnormali-

ties might originate from controlled ovarian hy-

perstimulation during IVF/ICSI cycles and are a 

consequence of low oocyte and embryo quality. A 

negative effect of the fertilization of low-quality 

oocytes is the high rate of errors in meiotic divi-

sions that could lead to an increase in embryo de-

velopment arrest, embryo implantation failures, 

miscarriage rates, and a high risk of complications 

during pregnancy (33-37). 

In the present study, aCGH technology was used 

to analyze all embryo chromosomes more and ef-

ficiently identify chromosomal abnormalities com-

pared to fluorescence in situ hybridization in PGT-

A (38-41). Despite embryonic development and 

chromosomal stability directly affecting embryo 

development and implantation, array-based analy-

sis allows the overview of all chromosomes from 

a small number of cells from the embryo to de-

termine their genetic status (39). The use of these 

technologies has improved the success rate of 

healthy live births and the detection of chromo-

somal broad losses and/or gains, and chromoso-

mal focal losses and/or gains in the embryos be-

fore embryo transfer (12). 

In our study, 29 couples with their own gametes 

had aneuploidy in 51 analyzed embryos (67.1%), 

and 15 couples with their own gametes after PGT-

A had euploidy in 25 analyzed embryos (32.9%). 

Some authors concluded that in embryos from 

women with advanced maternal age, PGT-A im-

proves clinical outcomes by successful embryo 

implantation; however, recurrent implantation fai-

lure is common due to de novo anomalies or un-

known paternal factors (39, 42). Since the imple-

mentation of PGT-A, scientists expected the rates 

of embryo implantation and pregnancy by euploid 

embryo transfer to increase; however, in our study 

of 17 transferred euploid embryos, two resulted in 

a live birth, and one ongoing pregnancy was re-

ported with heart rate and screening for aneu-

ploidies by hormones and anatomic fetal ultra-

sound at 12 weeks of pregnancy, indicating that 

there are many other factors that may affect clini-

cal outcomes. 
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Our data demonstrate a significant association 

between the quality of the embryo and the genetic 

condition; euploid and aneuploid (p=0.046) em-

bryos came from couples without any gamete do-

nation. This finding is in agreement with Majum-

dar et al.’s (43) who demonstrate an association 

between the blastocyst morphology and the eu-

ploidy rate. However, these results differ from 

some published studies by Bazgar et al. (38) and 

Fesahat et al. (44), suggesting that the morpholog-

ical characteristics of embryos obtained through 

ART (IVF/ICSI) are not completely consistent 

with the genetic result (Normal or abnormal). Al-

farawati et al. (45) compared embryo morphology 

and rate of aneuploidy, found a weak correlation 

between variables and concluded that establishing 

the quality of an embryo does not ensure the eu-

ploidy of the embryo. According to our findings, 

the morphological parameters play an important 

role but do not always predict euploid embryos. 

Regarding the rate of embryo aneuploidies iden-

tified on day 5 or 6, no significant association was 

found. However, an increase in the rate of aneu-

ploid embryos on day 6 (34/51, 66.7%) compared 

to the rate on day 5 (17/51, 33.3%) was observed, 

possibly induced by the longer exposure to the in 

vitro conditions and hyperstimulation protocols in 

IVF/ICSI treatments. This finding is in agreement 

with Bazgar et al. (38) who found a higher rate of 

abnormal cells on day 7 compared with the related 

value on day 6. 

It is well known that the embryo aneuploidy rate 

increases with a woman’s age, supporting previ-

ous reports (19, 36, 42, 43). However, in our 

study, no significant association was found be-

tween maternal age and chromosomal abnormali-

ties, but there were only 3 patients younger than 

35, so it is necessary to increase the population to 

establish an adequately powered association. Cas-

es of broad chromosomal loss (8/12, 66.7%) and 

chromosomal gain (8/13, 61.5%) present mainly 

in women between 41 and 46 years of age were 

described in this study. These results confirm the 

observations by Franasiak et al. (46) regarding the 

high rates of monosomies and trisomies in women 

older than 40 years. In our study, the quality of 

the embryo was not related to maternal age, and 

this observation was comparable with Eaton et al. 

(47), who concluded that maternal age did not im-

pact embryo morphology or the association with 

genetic status. 

In a recent study, Ubaldi et al. (48) found that 

transfer of a euploid embryo in women ≥44 years 

of age resulted in a live-birth rate of >50%. In the 

present study, four embryos were transferred to 

women ≥44 years of age, and only one embryo 

transfer displayed biochemical pregnancy. This 

finding indicated the very low success of a live 

birth pregnancy in patients between 45 and 46 

years of age. 

In our study, the overall aneuploidy rate of ana-

lyzed embryos exceeded 50% (67.1%, 51/76) of 

the total embryos from mothers aged between 29 

and 49 years. Our observations support findings 

by Capalbo et al. (49), who showed an aneuploidy 

rate of 55.5% (531/956) in embryos from couples 

with a maternal age between 26 and 44 years. Our 

findings are similar to those described by Ubaldi 

et al. (48), who observed an aneuploidy rate of 

88.2% (165/187) in embryos from women be-

tween 44 and 46 years of age. Fesahat et al. (44) 

found a rate of chromosomal abnormalities of 

62.9% (36/96) in embryos from women less than 

35 years of age. In our study, no association be-

tween maternal age and aneuploidy rate was 

found; however, the aneuploidy rate decreased by 

approximately 10.8% in women with maternal 

ages less than 43 years (63.3%, 31/49) compared 

to women with maternal ages greater than 43 

years (74.1%, 20/27). 

Our study established no association between 

male factors, the genetic status of embryos (p= 

0.275), and the embryo implantation rate (p= 

0.449) in the couples with gamete donation. These 

results support the study of Mazzilli et al. (50), 

who showed no significant association between 

male factors, embryo genetic condition, and em-

bryo implantation rate in 1,219 cycles performed 

on 1,090 couples. Additionally, Mazzilli et al. 

(50) concluded that the euploidy rate and implan-

tation potential of embryos obtained through ICSI 

treatments are independent of sperm quality. 

Our study shows that the embryo implantation 

rate of euploid embryos was 76.5% (13/17) where-

as the global implantation rate of euploid embryos 

is close to 50%. Two different reasons explain 

embryo implantation failure, mainly endometrial 

receptivity and embryo quality (5). Higher quality 

blastocysts are a key factor in successful embryo 

implantation in assisted reproduction treatments. 

It was found that all successfully implanted em-

bryos showed a high-quality grade, confirming 

observations by Su et al. (5), who showed that in 

15 embryos undergoing PGT-A, only two embry-

os with a good quality grade exhibited successful 

implantation, supporting the idea of no correlation 
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between morphology, ploidy status, and implanta-

tion. 

Regarding chromosome abnormalities, in the 

current study, 50% (22/44) of aneuploidies in-

volved a broad and/or focal loss, and the remain-

ing 50% (22/44) involved a broad and/or focal-

gain, 84.4% (33/39) of aneuploidies affected en-

tire chromosomes, and 15.4% (6/39) only affected 

focal regions. Among 297 aneuploid embryos, 

Fragouli et al. (21) identified that 52% (652/1262) 

involved losses and 48% (610/1262) involved 

gains; the vast majority (94%, 1188/1262) affect-

ed entire chromosomes, and only 6% (74/1262) 

were segmental imbalances. The main affected 

chromosomes were 13, 19, 21, and X. Our results 

are similar to those of Capalbo et al. (49), who 

demonstrated that in 531/956 (55.5%) embryos 

analyzed, the majority of anomalies occurred in 

chromosomes 13, 15, 16, 21 and 22. Likewise, our 

findings agree with Franasiak et al. (46), who 

identified the main prevalence of chromosomal 

abnormalities in chromosomes 13, 15, 16, 18, 19, 

21 and 22, concluding that the highest aneuploidy 

rates are related to the small structure of chromo-

somes. In a study performed by Soler et al. (51), 

trisomy 13 (6.5%, 31/980), 21 (12.2%, 55/980) 

and monosomy X (14.21%, 67/980) were very 

common in miscarriages, indicating that these 

abnormalities could cause spontaneous abortions. 

To the best of our knowledge, this is the first 

study from our population; however, our results 

are comparable with other global reports. As a 

perspective, it is possible to increase the number 

of cases of PGT-A reported and evaluate the re-

cent discussions regarding aneuploidy rescue and 

the presence of mosaicism. Some authors have re-

ported the presence of a low level of mosaicism in 

natural and ART pregnancies due to the role of 

aneuploidies on entire chromosomes or focal dele-

tions as a predictor of cell fate decisions between 

TE and ICM cells, providing important clues on 

the origin and evolution of embryonic mosaicism 

and the chances of successful pregnancy and live 

birth (33, 49, 52). 

To our knowledge, this is the first study from our 

population, although our results are comparable 

with those of other global reports. For future stud-

ies, it is suggested to increase the sample size or 

more data could be collected from a multicentric 

perspective to establish a more associative rela-

tion between the parameters studied. 
 

 

Conclusion 

In the present study, the rate of aneuploidies 

from couples with their own gametes was 67.1% 

(51/76) and from couples with donated eggs and/ 

or sperm was 54.5% (6/11). The quality of the 

embryo determinated by the morphological pa-

rameters was not associated with the embryo ge-

netic status, and also there was no association be-

tween maternal age and aneuploidy rate. This 

study supports the use of aCGH technology to 

improve ART success, and this method brings an 

overview of whole genome and allows identifying 

genetic copy number alterations in ART-derived 

embryos. 

 

Acknowledgement 
This work was supported by Fertility and Sterili-

ty Colombian Center (CECOLFES-Bogota, Co-

lombia), research projects funded by Vicerrectoría 

de Investigación y Extensión from Universidad 

Pedagógica y Tecnológica de Colombia, Tunja-

Colombia (SGI 2320) and, Cárdenas-Nieto Diana 

is supported by a Young Researcher Scholarship 

from Universidad Pedagógica y Tecnológica de 

Colombia, Tunja-Colombia (UPTC) with a grant 

from 2018 to 2019. 

 

Conflict of Interest 
All authors declare no conflict of interest. 

 

References 

1. Vanneste E, Voet T, Le Caignec C, Ampe M, Kon-

ings P, Melotte C, et al. Chromosome instability is 

common in human cleavage-stage embryos. Nat 

Med. 2009;15(5):577-83. 
 

2. Yao G, Xu J, Xin Z, Niu W, Shi S, Jin H, et al. De-

velopmental potential of clinically discarded human 

embryos and associated chromosomal analysis. Sci 

Rep. 2016;6:23995. 
 

3. Oromendia AB, Amon A. Aneuploidy: implications 

for protein homeostasis and disease. Dis Model 

Mech. 2014;7(1):15-20. 
 

4. Williams BR, Amon A. Aneuploidy: cancer’s Fatal 

Flaw? Cancer Res. 2009;69(13):5289-91. 
 

5. Su Y, Li JJ, Wang C, Haddad G, Wang WH. Aneu-

ploidy analysis in day 7 human blastocysts produced 

by in vitro fertilization. Reprod Biol Endocrinol. 

2016;14:20. 
 

6. Fiorentino F, Bono S, Biricik A, Nuccitelli A, Co-

troneo E, Cottone G, et al. Application of next-

generation sequencing technology for comprehen-

sive aneuploidy screening of blastocysts in clinical 

file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/98/Clara/Clara%208_8_98_____M/Main%20manuscript.19-04%20(00000005).docx%23_ENREF_21
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/98/Clara/Clara%208_8_98_____M/Main%20manuscript.19-04%20(00000005).docx%23_ENREF_49
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/98/Clara/Clara%208_8_98_____M/Main%20manuscript.19-04%20(00000005).docx%23_ENREF_46
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/98/Clara/Clara%208_8_98_____M/Main%20manuscript.19-04%20(00000005).docx%23_ENREF_51
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/98/Clara/Clara%208_8_98_____M/Main%20manuscript.19-04%20(00000005).docx%23_ENREF_33
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/98/Clara/Clara%208_8_98_____M/Main%20manuscript.19-04%20(00000005).docx%23_ENREF_49
file:///D:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/98/Clara/Clara%208_8_98_____M/Main%20manuscript.19-04%20(00000005).docx%23_ENREF_52


D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
://w

w
w

.jri.ir 

 

 

 

J Reprod Infertil, Vol 21, No 1, Jan-Mar 2020   27 

Cárdenas-Nieto D, et al. JRI 

preimplantation genetic screening cycles. Hum Re-

prod. 2014;29(12):2802-13. 
 

7. Sunderam S, Kissin DM, Crawford SB, Folger SG, 

Jamieson DJ, Warner L, et al. Assited reproductive 

technology surveillance-United States, 2013. MMW 

R Surveill Summ. 2015;64(11):1-25. 
 

8. Sullivan-Pyke C, Dokras A. Preimplantation genetic 

screening and preimplantation genetic diagnosis. 

Obstet Gynecol Clin North Am. 2018;45(1):113-25. 
 

9. Zheng Z, Chen L, Yang T, Yu H, Wang H, Qin J. 

Multiple pregnancies achieved with IVF/ICSI and 

risk of specific congenital malformations: a meta-

analysis of cohort studies. Reprod Biomed Online. 

2018;36(4):472-82. 
 

10. Kissin DM, Jamieson DJ, Barfield WD. Monitor-

ing health outcomes of assisted reproductive tech-

nology. New Eng J Med. 2014;371(1):91-3. 
 

11. Kang HJ, Melnick AP, Stewart JD, Xu K, Rosen-

waks Z. Preimplantation genetic screening: who 

benefits? Fertil Steril. 2016;106(3):597-602. 
 

12. Friedenthal J, Maxwell SM, Munne S, Kramer Y, 

McCulloh DH, McCaffrey C, et al. Next genera-

tion sequencing for preimplantation genetic screen-

ing improves pregnancy outcomes compared with 

array comparative genomic hybridization in single 

thawed euploid embryo transfer cycles. Fertil 

Steril. 2018;109(4):627-32. 
 

13. Weissman A, Shoham G, Shoham Z, Fishel S, 

Leong M, Yaron Y. Preimplantation genetic screen-

ing: results of a worldwide web-based survey. Re-

prod Biomed Online. 2017;35(6):693-700. 
 

14. Dahdouh EM, Balayla J, Garcia-Velasco JA. Com-

prehensive chromosome screening improves em-

bryo selection: a meta-analysis. Fertil Steril. 2015; 

104(6):1503-12. 
 

15. Minasi MG, Colasante A, Riccio T, Ruberti A, 

Casciani V, Scarselli F, et al. Correlation between 

aneuploidy, standard morphology evaluation and 

morphokinetic development in 1730 biopsied blas-

tocysts: a consecutive case series study. Hum Re-

prod. 2016;31(10):2245-54. 
 

16. Treff NR, Zimmerman RS. Advances in preim-

plantation genetic testing for monogenic disease 

and aneuploidy. Annu Rev Genomics Hum Genet. 

2017;18:189-200. 
 

17. Kaing A, Kroener LL, Tassin R, Li M, Liu L, 

Buyalos R, et al. Earlier day of blastocyst devel-

opment is predictive of embryonic euploidy across 

all ages: essential data for physician decision-

making and counseling patients. J Assist Reprod 

Genet. 2018;35(1):119-25. 
 

18. Scott RT Jr, Upham KM, Forman EJ, Hong KH, 

Scott KL, Taylor D, et al. Blastocyst biopsy with 

comprehensive chromosome screening and fresh 

embryo transfer significantly increases in vitro fer-

tilization implantation and delivery rates: a ran-

domized controlled trial. Fertil Steril. 2013;100(3): 

697-703. 
 

19. Franasiak JM, Forman EJ, Hong KH, Werner MD, 

Upham KM, Treff NR, et al. The nature of aneu-

ploidy with increasing age of the female partner: a 

review of 15,169 consecutive trophectoderm biop-

sies evaluated with comprehensive chromosomal 

screening. Fertil Steril. 2014;101(3):656-63.e1. 
 

20. Minasi MG, Fiorentino F, Ruberti A, Biricik A, 

Cursio E, Cotroneo E, et al. Genetic diseases and 

aneuploidies can be detected with a single blasto-

cyst biopsy: a successful clinical approach. Hum 

Reprod. 2017;32(8):1770-7. 
 

21. Fragouli E, Alfarawati S, Daphnis DD, Goodall 

NN, Mania A, Griffiths T, et al. Cytogenetic analy-

sis of human blastocysts with the use of FISH, 

CGH and aCGH: scientific data and technical 

evaluation. Hum Reprod. 2011;26(2):480-90. 
 

22. Petracchi F, Colaci DS, Igarzabal L, Gadow E. 

Cytogenetic analysis of first trimester pregnancy 

loss. Int J Gynaecol Obstet. 2009;104(3):243-4. 
 

23. Gada Saxena S, Desai K, Shewale L, Ranjan P. 

Pre-implantation genetic screening using fluores-

cence in situ hybridization in couples of Indian 

ethnicity: is there a scope? J Hum Reprod Sci. 

2014;7(1):25-9. 
 

24. Aleksandrova N, Shubina E, Ekimov A, Kodyleva 

T, Mukosey I, Makarova N, et al. Comparison of 

the results of preimplantation genetic screening ob-

tained by a-CGH and NGS methods from the same 

embryos. Gynecol Endocrinol. 2016;32(sup2):1-4. 
 

25. Brezina PR, Anchan R, Kearns WG. Preimplanta-

tion genetic testing for aneuploidy: what technolo-

gy should you use and what are the differences? J 

Assist Reprod Genet. 2016;33(7):823-32. 
 

26. Garcia-Herrero S, Cervero A, Mateu E, Mir P, Poo 

ME, Rodrigo L, et al. Genetic analysis of human 

preimplantation embryos. Curr Top Dev Biol. 

2016;120:421-47. 
 

27. Liu J, Wang W, Sun X, Liu L, Jin H, Li M, et al. 

DNA microarray reveals that high proportions of 

human blastocysts from women of advanced ma-

ternal age are aneuploid and mosaic1. Biol Reprod. 

2012;87(6):148. 
 

28. Al-Asmar N, Peinado V, Vera M, Remohí J, Pel-

licer A, Simón C, et al. Chromosomal abnormali-

ties in embryos from couples with a previous an-

euploid miscarriage. Fertil Steril. 2012;98(1):145-

50. 
 

29. Goldman KN, Nazem T, Berkeley A, Palter S,  

 



D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
://w

w
w

.jri.ir 

 

 

 

28 J Reprod Infertil, Vol 21, No 1, Jan-Mar 2020 

PGT-A on Embryos of Colombian Couples JRI 

Grifo JA. Preimplantation genetic diagnosis (PGD) 

for monogenic disorders: the value of concurrent 

aneuploidy screening. J Genet Couns. 2016;25(6): 

1327-37. 
 

30. Whitney JB, Schiewe MC, Anderson RE. Single 

center validation of routine blastocyst biopsy im-

plementation. J Assist Reprod Genet. 2016;33(11): 

1507-13. 
 

31. Lai HH, Chuang TH, Wong LK, Lee MJ, Hsieh 

CL, Wang HL, et al. Identification of mosaic and 

segmental aneuploidies by next-generation se-

quencing in preimplantation genetic screening can 

improve clinical outcomes compared to array-com-

parative genomic hybridization. Mol Cytogenet. 

2017;10:14. 
 

32. Harton G, Braude P, Lashwood A, Schmutzler A, 

Traeger-Synodinos J, Wilton L, et al. ESHRE PGD 

consortium best practice guidelines for organiza-

tion of a PGD centre for PGD/preimplantation ge-

netic screening. Hum Reprod. 2011;26(1):14-24. 
 

33. van Echten-Arends J, Mastenbroek S, Sikkema-

Raddatz B, Korevaar JC, Heineman MJ, van der 

Veen F, et al. Chromosomal mosaicism in human 

preimplantation embryos: a systematic review. 

Hum Reprod Update. 2011;17(5):620-7. 
 

34. Forman EJ, Tao X, Ferry KM, Taylor D, Treff NR, 

Scott RT. Single embryo transfer with comprehen-

sive chromosome screening results in improved 

ongoing pregnancy rates and decreased miscarriage 

rates. Hum Reprod. 2012;27(4):1217-22. 
 

35. Mir P, Mateu E, Mercader A, Herrer R, Rodrigo L, 

Vera M, et al. Confirmation rates of array-CGH in 

day-3 embryo and blastocyst biopsies for preim-

plantation genetic screening. J Assist Reprod 

Genet. 2016;33(1):59-66. 
 

36. Kotdawala A, Patel D, Herrero J, Khajuria R, Ma-

hajan N, Banker M. Aneuploidy screening by array 

comparative genomic hybridization improves suc-

cess rates of in vitro fertilization: a multicenter In-

dian study. J Hum Reprod Sci. 2016;9(4):223-9. 
 

37. Webster A, Schuh M. Mechanisms of aneuploidy 

in human eggs. Trends Cell Biol. 2017;27(1):55-

68. 
 

38. Bazrgar M, Gourabi H, Eftekhari-Yazdi P, Vaziri-

nasab H, Fakhri M, Hassani F, et al. The effect of 

prolonged culture of chromosomally abnormal 

human embryos on the rate of diploid cells. Int J 

Fertil Steril. 2016;9(4):563-73. 
 

39. Huang J, Zhao N, Wang X, Qiao J, Liu P. Chromo-

somal characteristics at cleavage and blastocyst 

stages from the same embryos. J Assist Reprod 

Genet. 2015;32(5):781-7. 
 

40. Lee A, Kiessling AA. Early human embryos are 

naturally aneuploid-can that be corrected? J Assist 

Reprod Genet. 2017;34(1):15-21. 

41. Goodrich D, Xing T, Tao X, Lonczak A, Zhan Y, 

Landis J, et al. Evaluation of comprehensive chro-

mosome screening platforms for the detection of 

mosaic segmental aneuploidy. J Assist Reprod 

Genet. 2017;34(8):975-81. 
 

42. Demko ZP, Simon AL, McCoy RC, Petrov DA, 

Rabinowitz M. Effects of maternal age on euploidy 

rates in a large cohort of embryos analyzed with 

24-chromosome single-nucleotide polymorphism-

based preimplantation genetic screening. Fertil 

Steril. 2016;105(5):1307-13. 
 

43. Majumdar G, Majumdar A, Verma IC, Upadhyaya 

KC. Relationship between morphology, euploidy 

and implantation potential of cleavage and blasto-

cyst stage embryos. J Hum Reprod Sci. 2017;10 

(1):49-57. 
 

44. Fesahat F, Montazeri F, Sheikhha MH, Saeedi H, 

Dehghani Firouzabadi R, Kalantar SM. Frequency 

of chromosomal aneuploidy in high quality embry-

os from young couples using preimplantation ge-

netic screening. Int J Reprod Biomed (Yazd). 

2017;15(5):297-304. 
 

45. Alfarawati S, Fragouli E, Colls P, Stevens J, Guti-

errez-Mateo C, Schoolcraft WB, et al. The rela-

tionship between blastocyst morphology, chromo-

somal abnormality, and embryo gender. Fertil 

Steril. 2011;95(2):520-4. 
 

46. Franasiak JM, Forman EJ, Hong KH, Werner MD, 

Upham KM, Treff NR, et al. Aneuploidy across in-

dividual chromosomes at the embryonic level in 

trophectoderm biopsies: changes with patient age 

and chromosome structure. J Assist Reprod Genet. 

2014;31(11):1501-9. 
 

47. Eaton JL, Hacker MR, Barrett CB, Thornton KL, 

Penzias AS. Influence of patient age on the associ-

ation between euploidy and day-3 embryo mor-

phology. Fertil Steril. 2010;94(1):365-7. 
 

48. Ubaldi FM, Cimadomo D, Capalbo A, Vaiarelli A, 

Buffo L, Trabucco E, et al. Preimplantation genetic 

diagnosis for aneuploidy testing in women older 

than 44 years: a multicenter experience. Fertil 

Steril. 2017;107(5):1173-80. 
 

49. Capalbo A, Rienzi L, Cimadomo D, Maggiulli R, 

Elliott T, Wright G, et al. Correlation between 

standard blastocyst morphology, euploidy and im-

plantation: an observational study in two centers 

involving 956 screened blastocysts. Hum Reprod. 

2014;29(6):1173-81. 
 

50. Mazzilli R, Cimadomo D, Vaiarelli A, Capalbo A, 

Dovere L, Alviggi E, et al. Effect of the male fac-

tor on the clinical outcome of intracytoplasmic 

sperm injection combined with preimplantation an-

euploidy testing: observational longitudinal cohort 

study of 1,219 consecutive cycles. Fertil Steril. 

2017;108(6):961-72.e3. 



D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
://w

w
w

.jri.ir 

 

 

 

J Reprod Infertil, Vol 21, No 1, Jan-Mar 2020   29 

Cárdenas-Nieto D, et al. JRI 

51. Soler A, Morales C, Mademont-Soler I, Margarit 

E, Borrell A, Borobio V, et al. Overview of chro-

mosome abnormalities in first trimester miscar-

riages: a series of 1,011 consecutive chorionic villi 

sample karyotypes. Cytogenet Genome Res. 2017;  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

152(2):81-9. 
 

52. Freed D, Stevens EL, Pevsner J. Somatic mosai-

cism in the human genome. Genes (Basel). 2014;5 

(4):1064-94. 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



D
o

w
n

lo
a

d
e

d
 fro

m
 h

ttp
://w

w
w

.jri.ir 

 

 

 

30 J Reprod Infertil, Vol 21, No 1, Jan-Mar 2020 

PGT-A on Embryos of Colombian Couples JRI 

Supplementary 
 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary table 1. Whole chromosome abnormalities observed in all the embryos analyzed 
 

Class of chromosome abnormality Chromosomes involved Non-donor Donor * 

Euploidy, n(%) NA 25 (32.9) 5 (45.5) 

Aneuploidy, n(%) NA 51 (67.1) 6 (54.5) 

Broad loss, n(%)    

  

 

-11 2 (3.9) 0 (0) 

-13 2 (3.9) 0 (0) 

-16 1 (2) 0 (0) 

-18 1 (2) 0 (0) 

-19 1 (2) 0 (0) 

-20 0 (0) 1 (16.7) 

-21 1 (2) 0 (0) 

-X 2 (3.9) 0 (0) 

-18,-19 1 (2) 0 (0) 

-5,-12,-15,-19 1 (2) 0 (0) 

Focal loss, n(%)     

  
del(17)(q) 1 (2) 0 (0) 

del(5)(p14.1-pter) 1 (2) 0 (0) 

Broad and focal loss, n(%)    

  -X,del(6)(q) 1 (2) 0 (0) 

Broad gain, n(%)    

 

+7 1 (2) 0 (0) 

+9 2 (3.9) 0 (0) 

+13 1 (2) 0 (0) 

+21 3 (5.9) 1 (16.7) 

+X 4 (7.8) 0 (0) 

+13,+19 1 (2) 0 (0) 

+11,+21,+22 1 (2) 0 (0) 

Focal gain, n(%)    

  
dup(2)(p24.1-pter), dup(15)(q25.3-qter),dup(X)(q25-qter) 1 (2) 0 (0) 

dup(X)(pter-p22.2) 1 (2) 0 (0) 

Broad gain and loss, n(%)    

 

+5,-15 1 (2) 0 (0) 

-9,+16 1 (2) 0 (0) 

-10,+17 1 (2) 0 (0) 

+16,-18 1 (2) 0 (0) 

+19,-20 1 (2) 0 (0) 

-18,+19,-20 0 (0) 1 (16.7) 

-1,-6,+8,+16 1 (2) 0 (0) 

Focal and broad gain and focal loss, n(%)    

 
dup(13)(q14.3-q31.3).+19.del(20)(p) 1 (2) 0 (0) 

Complex Aneuploidy†, n(%) 
 

14 (27.5) 3 (50) 
 

Abbreviations: NA= not applicable  

a: Couples with eggs or sperm donated 

†: 5 or more chromosomes affected 
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Supplementary table 2. Quality of analyzed embryos obtained according to maternal age 
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(27.3) 

5 
(45.5) 

0 (0) 0 (0) 
2 

(18.2) 
0 (0) 0 (0) 0 (0) 0 (0) 1 (9.1) 0 (0) 0 (0) 

29-34  5 (6.6) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 3 (3.9) 0 (0) 0 (0) 0 (0) 
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0 (0) 0 (0) 0 (0) 

1 

(1.3) 
0 (0) 0 (0) 0 (0) 

41-46  
47 

(61.8) 
0 (0) 0 (0) 1 (1.3) 4 (5.3) 1 (1.3) 1 (1.3) 

11 

(14.5) 

8 

(10.5) 
0 (0) 

1 

(1.3) 

10 

(13.2) 
0 (0) 

1 

(1.3) 

1 

(1.3) 

5 

(6.6) 
0 (0) 

2 

(2.6) 

1 

(1.3) 

>46  6 (7.9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (3.9) 0 (0) 0 (0) 
1 

(1.3) 
0 (0) 

1 
(1.3) 

0 (0) 
1 

(1.3) 
0 (0) 0 (0) 0 (0) 0 (0) 

Total 
76 

(100) 
1 (1.3) 1 (1.3) 1 (1.3) 4 (5.3) 1 (1.3) 1 (1.3) 

16 

(21.1) 

13 

(17.1) 

1 

(1.3) 

2 

(2.6) 

21 

(27.6) 

1 

(1.3) 

1 

(1.3) 

2 

(2.6) 

7 

(9.2) 
0 (0) 

2 

(2.6) 

1 

(1.3) 

 

Supplementary table 3. Association of quality of embryo with euploidy/aneuploidy tatus 
 

Quality of embryo Euploidy, n(%) Aneuploidy, n(%) p-value 

Donor *    

 4AA 3 (27.3) 0 (0) 0.122 

 4AB 1 (9.1) 4 (36.4) 0.347 

 4BB 1 (9.1) 1 (9.1) 1.000 

 5AB 0 (0) 1 (9.1) 1.000 

 TOTAL 5 (45.5) 6 (54.4) 0.061 
No-Donor †    

 1BC 1 (1.3) 0 (0) 0.714 

 1CC 1 (1.3) 0 (0) 0.714 

 2AB 0 (0) 1 (1.3) 1.000 

 3AA 4 (5.3) 0 (0) 0.017 

 3AB 0 (0) 1 (1.3) 1.000 

 3BB 1 (1.3) 0 (0) 0.714 

 4AA 6 (7.9) 11 (14.5) 0.887 

 4AB 5 (6.6) 7 (9.2) 0.885 

 4AC 1 (1.3) 0 (0) 0.714 

 4BA 0 (0) 2 (2.6) 0.810 

 4BB 4 (5.3) 17 (22.4) 0.189 

 4BC 1 (1.3) 0 (0) 0.714 

 4CC 0 (0) 1 (1.3) 1.000 

 4CD 0 (0) 2 (2.6) 0.810 

 5AA 1 (1.3) 6 (7.9) 0.498 

 5BB 0 (0) 2 (2.6) 0.810 

 6AA 0 (0) 1 (1.3) 1.000 

Total 25 (32.9) 51 (67.1) 0.011 
 

* Embryos with eggs or sperm donated 

† Embryos with any donation 
Probabilities highlighted in bold indicate statistically significant results (p<0.05) 
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Supplementary table 4. Embryo quality and genetic condition of the embryos analyzed 
 

Genetic 

condition T
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) 

4
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n
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) 

4
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A
, 
n

(%
) 

4
B

B
, 

n
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) 

4
B

C
, 
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(%
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4
C

C
, 

n
(%
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4
C

D
, 

n
(%

) 

5
A

A
, 

n
(%

) 

5
A

B
, 
n

(%
) 

5
B

B
, 

n
(%

) 

6
A

A
, 

n
(%

) 

Donor 
11 

(100) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (27.3) 

5 

(45.5) 
0 (0) 0 (0) 2 (18.2) 0 (0) 0 (0) 0 (0) 0 (0) 

1 

(9.1) 
0 (0) 0 (0) 

Normal 
25 

(32.9) 
1 (1.3) 1 (1.3) 0 (0) 4 (5.3) 0 (0) 1 (1.3) 6 (7.9) 5 (6.6) 

1 

(1.3) 
0 (0) 4 (5.3) 

1 

(1.3) 
0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 

Broad loss 
13 

(17.1) 
0 (0) 0 (0) 1 (1.3) 0 (0) 1 (1.3) 0 (0) 2 (2.6) 1 (1.3) 0 (0) 

1 

(1.3) 
3 (3.9) 0 (0) 0 (0) 0 (0) 3 (3.9) 0 (0) 1 (1.3) 0 (0) 

Focal loss 
1 

(1.3) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Broad and  

focal los 

3 

(3.9) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Broad gain 
13 

(17.1) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.3) 3 (3.9) 0 (0) 

1 

(1.3) 
6 (7.9) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 1 (1.3) 0 (0) 

Focal gain 
2 

(2.6) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 

Broad gain  

and loss 

6 

(7.9) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (2.6) 1 (1.3) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 

1 
(1.3) 

Focal and  

broad gain  

and focal loss 

1 

(1.3) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Complex 
14 

(18.4) 
0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 (3.9) 3 (3.9) 0 (0) 0 (0) 5 (6.6) 0 (0) 1 (1.3) 1 (1.3) 1 (1.3) 0 (0) 0 (0) 0 (0) 

Total 
76 

(100) 
1 (1.3) 1 (1.3) 1 (1.3) 4 (5.3) 1 (1.3) 1 (1.3) 

16 

(21.1) 

13 

(17.1) 

1 

(1.3) 

2 

(2.6) 

21 

(27.6) 

1 

(1.3) 
1 (1.3) 2 (2.6) 7 (9.2) 0 (0) 2 (2.6) 

1 

(1.3) 

 

Supplementary table 5. Chromosomal abnormalities according to maternal age 
 

Maternal 

age (years) 
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F
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C
o

m
p

le
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o
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a
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a
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 c

h
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m
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m
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n
,%
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Donor 18 23 6 12 (100) 5 (45.5) 6 (54.5) 5 (45.5) 2 (18.2) 0 (0) 1 (9.1) 0 (0) 3 (27.3) 

29-34  6 13 7 6 (7.3) 0 (0) 5 (6.6) 0 (0) 3 (3.9) 0 (0) 0 (0) 0 (0) 2 (2.6) 

35-40  17 30 7 21 (25.6) 8 (10.5) 10 (13.2) 8 (20.5) 5 (6.6) 2 (2.6) 1 (1.3) 0 (0) 2 (2.6) 

41-46  38 62 19 48 (58.5) 14 (18.4) 33 (43.4) 14 (18.4) 13 (17.1) 4 (5.3) 4 (5.3) 2 (2.6) 10 (13.2) 

>46  3 14 6 7 (8.5) 3 (3.9) 3 (3.9) 3 (3.9) 2 (2.6) 1 (1.3) 0 (0) 0 (0) 0 (0) 

Total 64 119 39 82 (100) 25 (32.9) 51 (67.1) 25 (32.9) 23 (30.3) 7 (9.2) 5 (6.6) 2 (2.6) 14 (18.4) 
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Supplementary table 6. Class of genetic condition to regard with maternal age 
 

Maternal age (Years) 

E
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Donor 5 (45.5) 1 (9.1) 0 (0) 0 (0) 1 (9.1) 0 (0) 1 (9.1) 0 (0) 3 (27.3) 

29-34 0 (0) 1 (1.3) 1 (1.3) 0 (0) 1 (1.3) 0 (0) 0 (0) 0 (0) 2 (2.6) 

35-40 8 (10.5) 2 (2.6) 1 (1.3) 0 (0) 4 (5.3) 0 (0) 1 (1.3) 0 (0) 2 (2.6) 

41-46 14 (18.4) 8 (10.5) 0 (0) 0 (0) 8 (10.5) 2 (2.6) 4 (5.3) 1 (1.3) 10 (13.2) 

>46 3 (3.9) 1 (1.3) 0 (0) 1 (1.3) 0 (0) 0 (0) 1 (1.3) 0 (0) 0 (0) 

Total 25 (32.9) 12 (15.8) 2 (2.6) 1 (1.3) 13 (17.1) 2 (2.6) 6 (7.9) 1 (1.3) 14 (18.4) 

 

Supplementary table 7. Cycle outcome 
 

Maternal age (years) 

T
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L
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e 
B
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Donor 4 (100) 2 (50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

29-34  0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

35-40  6 (35.3) 6 (40) 2 (33.3) 1 (20) 0 (0) 0 (0) 1 (50) 

41-46  10 (58.8) 8 (53.3) 5 (83.3) 4 (80) 0 (0) 0 (0) 1 (50) 

>46 1 (5.9) 1 (6.66) 1 (16.6) 0 (0) 0 (0) 1 (100) 0 (0) 

Total 17 (100) 15 (88.2) 6 (40) 5 (83.3) 0 (0) 1 (20) 2 (40) 

 

 


