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Abstract

Objective To study if the number of trophectoderm (TE) biopsied cells has an impact on implantation rates.

Design A retrospective cohort study in a single-center study.

Setting In vitro fertilization center.

Patients Patients who underwent PGT-A from January 2013 to March 2016. In total, 482 vitrified/warmed single embryo
transfers were included.

Interventions None.

Main outcome measures Clinical pregnancies rate, implantation rate.

Results Overall, clinical pregnancies per embryo transfer were higher when a regular TE were biopsied compared to larger size
biopsy cells (66% (175/267) vs 53% (115/215) (p <0.005) respectively). Pregnancy rates were also analyzed according to
embryo morphology at the moment of embryo biopsy, when a good-quality embryo was transferred the clinical outcome was
75% (81/108) in group 1 and 61% (60/99) in group 2 (p <0.05). Data was also stratified by age in patients <35 years and >
35 years. The clinical pregnancy was 67% (51/76) in women < 35 years and 65% (124/191) in women > 35 years when a regular
size biopsy was performed. These results significantly reduced when a larger size biopsy was performed 54% (49/91) and 53%
(66/124), respectively (p <0.05). Further investigation indicated that miscarriage rate was similar between these groups (4%
(7/182) in group 1 and 5% (6/121) in group 2).

Conclusions These findings underscore that when a large amount of TE cells are biopsied, it may negatively affect implantation
rates, but once implanted, the embryos have the same chance to miscarry or reach term.

Keywords TE cells biopsy - PGT-A - aCGH - SNP-arrays - Pregnancy outcomes

Introduction pregnancy loss with age [3]. However, once a euploid embryo
is replaced, they implant equally well at least up to age 42 [4].
Aneuploidy in embryos increases with advancing maternal Preimplantation genetic testing for aneuploidy (PGT-A)

age [1, 2] resulting in lower implantation rates and higher =~ was proposed to select euploid embryos [5—11] with current
comprehensive chromosome screening (CCS) techniques able
to analyze all chromosomes consisting of either aCGH [12],
SNPs array [13], gPCR [14], or NGS [15], which in combi-
nation with vitrification methods [16, 17], blastocyst biopsy
(McArthur 2005), better blastocyst culture media, and de-
ferred embryo transfer [18] have proved to improve clinical
outcomes in randomized trials [3, 19-21].

Blastocyst biopsy, although an integral part of PGT-A, has
not been standardized yet and there are few studies on the
\ subject; Scott et al. showed that biopsy on embryos at cleav-
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same implantation rate as non-biopsied blastocysts [20].
Another study confirmed that when there was no difference on
embryologists performing TE biopsy at blastocysts stages in a
standardized IVF setting, there was high consistency and repro-
ducibility of CSS with optimal genetic and clinical outcomes
[22]. However, a study has shown that TE quality may affect
implantation potential [23] and more importantly that a large
amount of TE cells biopsied may affect pregnancy rates [24].

In this study, we aimed to compare two sizes of blastocyst
biopsy in patients treated in the same fertility group. The two
sizes were approximately five cells biopsied (group 1) or
about 10 cells biopsied (group 2), showing that smaller biop-
sies result in better implantation outcomes.

Material and methods
Patients

This retrospective single-center study included patients who
underwent PGT-A from January 2013 to March 2016.

All patients received ovarian stimulation in a GnRH antag-
onist protocol, using a combination of either recombinant
follicle-stimulating hormone plus recombinant luteinizing
hormone (r-FSH and r-FSH/r-LH; Gonal® and Pergoveris®)
or, highly purified follicle-stimulating hormone plus highly
purified human menopausal gonadotropin (hp-FSH and hp-
HMG:; Bravelle® and Menopur®) starting from cycle day 2
or 3. Daily doses of 0.25 mg GnRH antagonist (Cetrotide®)
were administered from day 6 of stimulation to the day of
triggering. When two or more follicles reached 18 mm, either
recombinant hCG 250 IU (r-hCG; Ovidrel®) or Triptorelin
0.2 mg (Gonapeptyl daily®) was used to trigger LH surge.
The gonadotropin dose range used was 225-300 IU. The de-
cision of the dose used was based on the antral follicle count
and patient age. Transvaginal ultrasound and serum estradiol
were used for monitoring ovarian stimulation. Follicular punc-
ture was 36 h after triggering.

Embryo culture, embryo biopsy, and vitrification

Zygotes were cultured individually until day 5/6 in drops of
25 uL of Global Total® media (Lifeglobal, Canada). Cultures
were under mineral oil at 37 °C. This embryo culture protocol
was based on Sepulveda [25] with some modifications in the
atmosphere culture conditions (7% CO,, 5% O,, and 88% N,).

The assisted hatching (AH) was performed with a laser on
day 4; the multipulse function was used with the following laser
software features (Lykos; Hamilton Thorne, Beverly, ME,
USA): seven laser pulses per second, each pulse has a duration
of 150 us, AH was done from the internal edge of the zona
pellucida to the outer edge. Embryo biopsy was done on hatch-
ing blastocyst on day 5 or 6, and was performed with the aid of
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a laser with a power setting of 100% and a potency ranging
from 350 to 400 us. Embryos were classified before biopsy
according to the SART classification [26]. Biopsied cells were
collected according to the genetic laboratory protocol.

Physicians in the center sent samples to two different ge-
netic reference centers according to their personal preference.
Cases sent to Reprogenetics (group 1) underwent aCGH and
had regular size blastocyst biopsies (2—6 cells) while those
sent to Natera (group 2), following specifications from
Natera, had on average 10 cells biopsied, and the biopsies
were analyzed by SNP-arrays. The same fully trained embry-
ologists, with more than 2 years of embryo biopsy experience,
performed embryo biopsy.

Biopsied Blastocysts were vitrified within 1 h after TE
biopsy using a Cryotech vitrification kit (Cryotec, Japan) fol-
lowing the manufacturer’s protocols. Each blastocyst was vit-
rified individually in an open system using cryotec.

Regarding other confounding variables such as vitrification
media and devices, embryo transfer technique, catheters, and
syringes used for embryo transfer were the same during the
period of the study.

Genetic analysis

For group 1, the biopsied trophectoderm cells were sent to
Reprogenetics (Lima, Peru). Array CGH was used according
to Gutierrez-Mateo [12] plus further updates on the chips and
software from the manufacturer thereafter. Briefly, biopsies
were collected in Eppendorf tubes containing 2 ul of non-
sticking buffer and referred to the genetic laboratory. Samples
were lysed and amplified using the SurePlex kit, according to
the manufacturer’s instructions (BlueGnome, UK). Amplified
samples were processed following the protocol of BlueGnome
Cyto-Chip. Microarray chips were scanned, analyzed, and
quantified as previously described by Gutierrez-Mateo [12].
Copy number ratios were analyzed using Cyto-Chip algorithm
fixed setting in BlueFuse Software (BlueGnome).

For group 2, biopsied trophectoderm cells and parental
blood samples were sent to Natera (USA) on dry ice.
Briefly, DNA was isolated and amplified by using two proto-
cols: Rubicon whole genome amplification with Sigma pro-
teinase K buffer (PKB), and a modified multiple displacement
amplification with PKB. For the second protocol, cells were
placed in PKB (Arcturus PicoPure Lysis Buffer, 50 mM di-
thiothreitol), incubated at 56 °C for 1 h, and then heat
inactivated at 95 °C for 10 min. Multiple displacement ampli-
fication reactions were incubated at 30 °C for 2.5 h and then
95 °C for 5 min. Genomic DNA from bulk tissue (Epicentre
MasterAmp Buccal Swabs) was prepared using the DNeasy
Blood and Tissue Kit (Qiagen). No-template controls (buffer
blanks) were used for all amplification methods and all sample
types and in all cases produced intensities commensurate to
the noise floor of the data [27].
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SNP genotyping and ploidy determination

Both, the amplified single cells and the parental tissue were
genotyped using [llumina Infinium II genome-wide genotyp-
ing microarrays (HapMap CNV370Quad or CytoSNP-12
chips). For the tissue, the standard Infinium II protocol was
used, whereas all single cells were genotyped using a modi-
fied Infinium II genotyping protocol, such that the entire pro-
tocol, from single cell lysis through array scanning, was com-
pleted in fewer than 24 h. Ploidy results are based on a novel
statistical algorithm that makes use of high-throughput SNP
measurements of parental and child samples to determine
chromosome copy number of the child [27, 28].

Verification of biopsy size

Ten aneuploidy embryos were thawed with a warming kit
(Cryotec, Japan) following the manufacturer’s protocol.
After 2 hours, the re-expanded blastocysts were re-biopsied
by an experience embryologist, classified by size, and a video
was recorded. Other three blinded embryologists analyzed the
video and performed counts of the number of cells biopsied.

Biopsied cells were exposed to a hypotonic solution (1%
sodium citrate and 6 mg BSA/ml) for 2-5 min. TE cells were
fixed to a glass slide into a previously marked position [5].
Slides were stained with DAPI (0.5 mg/ml; Calbiochem,
USA) and nuclei were counted with a blinded operator under
fluorescence microscopy (Leica). Finally, a correlation was
calculated.

Endometrium preparation for embryo transfer

Vitrified-warmed embryos were transferred in an artificial en-
dometrial priming cycle after priming of the endometrium
with Oral Estradiol Valerate (2 mg administered three times
a day) (Progynova; Bayer Schering Pharma). When an endo-
metrial thickness of > 7 mm was reached, luteal phase support
was started with the use of intravaginal micronized progester-
one tablets (200 mg three times a day; Utrogestan; Biopas
Laboratories). Single embryo transfer was scheduled 5 days

later. ET was performed under ultrasound guidance with the
use of a soft catheter.

Institutional review board approval

The nature of our study was retrospective because all biopsy
were performed before the analysis of this data; the institu-
tional review board approval was not requested. Nevertheless,
all patients signed an informed consent for all procedures
performed.

Statistical analysis

For categorical variables, Fisher exact test was used.
Continuous variables did not show a normal distribution and
therefore, Mann-Whitney U test was performed. Spearman
rank correlation coefficients and corresponding p values were
calculated. Subsequently, a step wise regression analysis was
performed to identify which subset of variables correlated
independently to clinical pregnancy. A p value <0.05 was
considered statistically significant.

Results

A total of 482 vitrified/warmed single embryo transfers were
included in the analysis. In total, 2064 embryos were biopsied,;
1071 embryos in group 1 (average of five cells) and 993 em-
bryos in group 2 (average of 10 cells). The euploid blastocyst
rate was comparable between groups (57% (608/1071) and
55% (554/993), p = 0.343; respectively). The average number
of euploid blastocysts per stimulated cycle was also not sig-
nificantly different between group 1 and group 2 (2.3£1.5 vs
2.6 £1.6), as can be seen in Table 1.

In the single embryo transfer, the embryo quality might
affect clinical outcomes; subsequently, we further compared
the two groups according to embryo morphology. The bio-
chemical pregnancy rate for good-quality embryos was 79%
(85/108) for group 1 vs 64% (63/99) for group 2 (p <0.05),
and for fair-quality embryos was 61% (97/158) vs 50% (58/
116) (p <0.05). Clinical pregnancy rate for good- and fair-

Table 1 Patients and

embryological characteristics of Overall p value

group 1—regular size blastocyst

biopsy and aCGH; and group 2— Group 1 Group 2

large size blastocyst biopsy and

SNP-arrays Number of cycles 267 215
Age 383+6.1 36.6+4.2 0.002
Total biopsied embryos 1071 993
Euploid blastocyst rate 57% (608/1071) 55% (554/993) 0.343
Mean of biopsied embryos per cycle 4.0+2.0 4.7+23 0.017
Mean of euploid embryos per cycle 23+1.5 2.6+1.6 0.194
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quality embryo again was higher for group 1 compared to
Group 2 (75% (81/108) vs 61% (60/99) and 59% (94/159)
vs 47% (55/116); respectively p < 0.05) (Table 2A).

Another confounder factor could be the age of the patient.
Hence, data was classified according to the age groups, pa-
tients with <35 years and >35 years. The average age was
32.37+£2.3 vs 32.80£2.3 (p=0.233) and 40.6 3.6 vs 39.1
+2.8 (p<0.001) for groups 1 and 2 respectively.

Clinical outcomes are shown in Table 2B and showed to be
significantly higher for group 1 for both age groups. However,
miscarriage rate was similar between the groups, with 4%
(7/182) for group 1 and 5% (6/121) for group 2.

To identify the variables that independently correlate with
clinical pregnancy, which included the doctor effect, a univar-
iate analysis was performed (Table 3). Finally, logistic regres-
sion analysis showed that total number of embryos biopsied
per cycle, the biopsied protocols, and embryo quality were
independent variables that predicted the clinical outcome.

Finally, to demonstrate the correlation between the biopsy
size, the number of trophectoderm cells biopsied and the num-
ber of nuclei, aneuploid embryos were re-biopsied and their
cells fixed for nuclei counting (Fig. 1) and confirmed a corre-
lation among the biopsy sizes per groups.

Discussion

Usually, each IVF center chooses which PGT-A technique to
use and follows a single biopsy protocol. However in our

Table 2 A) Clinical outcomes between group 1—regular size
blastocyst biopsy and aCGH; and group 2—large size blastocyst biopsy
and SNP-arrays. B) Clinical outcomes between group 1—regular size
blastocyst biopsy and aCGH; and group 2—Tlarge size blastocyst biopsy
and SNP-arrays, stratified by age

Overall p value

Group 1 Group 2

A
Biochemical pregnancy rate 68% (182/267) 56% (121/215) 0.005

Good-quality embryo 79% (85/108)  64% (63/99)  0.01

Fair-quality embryo 61% (97/158)  50% (58/116)  0.04

Clinical pregnancy rate 66%(175/267) 53% (115/215) 0.005

Good-quality embryo 75% (81/108)  61% (60/99)  0.02

Fair-quality embryo 59% (94/159)  47% (55/116)  0.04
B

Biochemical pregnancy rate 68% (182/267) 56% (121/215) 0.005
70% (53/76)  54% (49/91)  0.02
68% (129/191) 58% (72/124)  0.02
66%(175/267) 53% (115/215) 0.005
67% (51/76)  54% (49/91)  0.01
65% (124/191) 53% (66/124)  0.02

<35 years
> 35 years
Clinical pregnancy rate
<35 years
>35 years
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Table3  Univariate analysis was performed to identify the variables that
independently correlate with clinical pregnancy. Biopsy protocols refer to
either a regular TE biopsy or larger size biopsy cells

Clinical pregnancy (Rho) p value

Patient age -0.018 0.686
Physicians 0.095 0.037
Number of biopsied embryos 0.12 0.009
Number of euploid embryos 0.055 0.229
Number of embryos without result ~ 0.557 0.027
Day of biopsy 0.14 0.07

Embryo quality —0.131 0.004
Biopsy protocols 0.122 0.007

setting, SNPs array and aCGH were performed in parallel,
and embryo manipulation was performed by the same embry-
ologist applying two different biopsy techniques. This study
compares the outcomes of two groups of patients who had
undergone IVF treatments in the same center. Some
underwent PGT-A with aCGH (group 1), on average, five
blastocyst cells were biopsied, and some SNPs array, which
required a larger amount of cells biopsied according to the
reference PGD Lab (group 2). Physicians from the same cen-
ter used similar stimulation protocols, with slight differences
between them in a duration of stimulation which could have
resulted in differences in aneuploidy rates [29]. However, this
was not the case as shown in Table 1, and euploidy rates were
similar in both groups. In addition, the multivariate statistical
analysis showed that the factor “physician” was not a variable
that independently correlated with the differences observed
between PGT-A groups (Table 4).

There were significant differences in clinical outcomes be-
tween groups and there are two potential explanations for it,

Regular size biopsy Large size biopsy
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Nuclei counted

Fig. 1 A lineal regression was calculated to demonstrate the association
between the number of trophectoderm (TE) cells counted by four
embryologists and blinded nuclei counted under a fluorescence
microscope (p <0.001)
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Table 4 This table shows the number of patients treated by each
physician. It also indicates the overall clinical outcome and clinical
pregnancy per group for each physician

Physician Overall clinical pregnancy Clinical pregnancy

Group 1 Group 2
1 57% (42/73) 60% (39/65) 38% (3/8)
2 37% (30/82) 43% (6/14) 35% (24/68)
3 51% (38/75) 58% (11/19) 48% (27/56)
4 67% (8/12) N.A 67% (8/12)
5 50% (21/42) 50% (4/8) 50% (17/34)
6 45% (5/11) 40% (4/10) 100% (1/1)
7 58% (44/76) 59% (44/75) 0% (0/1)
8 62% (15/24) 62% (15/24) N.A
Total 51% (203/395) 57% (123/215) 44% (80/180)

Patient distribution between the groups and physicians. N.A, data no
available. Group 1—regular size blastocyst biopsy; and group 2—Ilarge
size blastocyst biopsy

the biopsy size and the physician. Physicians still have a great
deal of influence on the outcome of a cycle depending on their
embryo transfer skills and thus the difference in pregnancy
rates observed in this study could be related to differences
between doctors and not differences between ours study
groups (Table 4). Hormonal stimulation differences probably
played a minor role, if any, since the transfers were on FET,
thus all endometrium were in a natural state and because an-
euploidy was similar. Furthermore, the multivariate statistical
analysis showed that the physician was not a factor contribut-
ing to the difference in ART outcome.

Chromosome abnormality rates were similar between
group 1 and group 2, despite maternal ages being higher in
group 1 than in group 2, in the > 35 age group. This could be
explained by differences in detecting abnormalities by one
technique versus the other [12, 30, 31], but these differences
are minor. More importantly, miscarriage rate was similar be-
tween groups, reassuring that both techniques had the same
capability to detect aneuploidy compatible with implantation.
In both groups, a single euploid embryo was replaced and
therefore the most plausible reason for the decrease in implan-
tation potential is the size of the embryo biopsy.

It is well known that biopsying two cells from day 3 em-
bryos significantly reduces the implantation rates [32, 33].
Lately, other studies have shown that embryo biopsy on day
3 embryos impairs blastocyst formation and implantation po-
tential, while this has not been reported for blastocyst biopsy
[34]. Recently, it has been described that the number of
biopsied blastocyst cells affects implantation when poor
trophectoderm quality was biopsied with a larger amount of
cells [24] than in our group 2. In our setting, an average of 10
cells biopsied clearly negatively affects embryo implantation
compared to an average of five biopsied cells.

The TE is essential for implantation. Some studies have
confirmed that blastocyst quality is directly related to success-
ful implantation [23, 35-39] possibly explained by the TE
function needed to invade the endometrium [40]. TE secreted
hCG plays a role in the immunological tolerance facilitating
the embryo implantation [41, 42] with embryos with good TE
morphology secreting higher levels of hCG [23]. Regarding
gene expression in TE biopsies, microarrays analysis showed
a preponderance of gene expression of families involved in
cell adhesion and cell communication [43, 44]. Overall, these
studies demonstrate the importance of TE for a successful
embryo implantation.

This study compared two PGT-A techniques that are being
substituted by next-generation sequencing (NGS). It is impor-
tant to notice that aCGH and NGS used the same whole ge-
nome amplification protocol, making our results extendible to
other PGT-A platforms.

A major strength of the current study was the use of single
blastocyst transfers, which eliminated the potential bias of
multiple embryo transfer, as well as controlling for morpho-
logic parameters and performing logistic regression to control
for confounding variables. However, some limitations are
present and need to be highlighted. Firstly, this study was
not designed to provide evidence regarding the effect of
biopsying a large amount of cells at blastocyst stage, although
that has been covered by the Zhang et al. (2016) study.
Secondly, patients were not randomized into each group.

In sum, our study suggests that there is a detrimental effect
of the biopsy size on implantation produced by blastocyst
biopsy. This raises a cautionary note to embryologists, and
highlights that although one study showed no detrimental ef-
fect of blastocyst biopsy [34], the technique is not well stan-
dardized and it can still have a detrimental effect if performed
incorrectly. Other aspects of blastocyst biopsy need to be stan-
dardized and more automation would be desirable.
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