Effect of oocyte vitrification in a PGT-A programme
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ABSTRACT

Background and Purpose: Vitrification has allowed increased efficiency of oocyte cryopreservation. While several re-
ports show similar results with the use of fresh and vitrified oocytes in young good-ovarian-response patients, only
limited data are available in patients with other characteristics. The purpose of this study was to assess the impact of
oocyte vitrification on embryo development, euploidy rate and implantation in patients with a PGT-A indication undergo-

ing oocyte accumulation.

Methods: Retrospective analysis of 95 PGT-A cycles with oocyte accumulation and vitrification in patients with <10
metaphase Il oocytes retrieved in the first cycle. MIl oocytes were vitrified and a new ovarian stimulation cycle was per-
formed. All MIl oocytes (fresh and warmed) were treated as a single cohort. Embryo biopsy was performed on D3 and
single blastomeres were analysed by array-CGH analysis. Euploid embryo transfer was performed on D5.

Results: Oocyte survival rate after warming was 81.6%. No differences were observed in the fertilisation rate between
warmed and fresh oocytes. Embryos from vitrified oocytes showed impaired developmental capacity, resulting in a lower
number of embryos available for biopsy (75.6% vs 93.8%). No differences in the euploidy rate were observed between
embryos derived from warmed versus fresh oocytes. In terms of efficiency, the ratio of euploid blastocysts to Mll oocytes
in the vitrified/warmed group was lower when compared to the fresh group (6.7% vs 10.3%) corresponding to a 35.6%
reduction in efficiency. This lower performance is due to the loss of oocytes during the warming process and the lower
developmental ability of embryos arising from vitrified oocytes. A similar implantation capacity of euploid embryos from

warmed or fresh oocytes was observed (43.3% and 47.9%).

Conclusions: Lower cycle efficiency is obtained after oocyte vitrification in patients with a PGT-A indication, which indi-
cates that the oocyte accumulation strategy should be considered with caution. PGT-A patients and those with similar
characteristics needing to undergo oocyte vitrification should be properly informed about these findings.
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Introduction

Oocyte cryopreservation has long been a challenging pro-
cedure in ART settings due to the poor efficiency of the slow
freezing technique !". The advent of the vitrification method,
with very fast cooling rates preventing ice formation, has led to
a remarkable increase in the efficiency of oocyte cryopreserva-
tion 2!, which is now a safe and consistent technique !, offering
outcomes comparable to those seen in fresh cycles (5.

These successful results have paved the way for a range of
approaches in different assisted reproduction settings, such as
female fertility preservation for both medical and non-medical
reasons, oocyte banking in oocyte donation settings, or cycle
pausing in cases of sperm sample collection impossibility. Fi-
nally, oocyte vitrification also offers an alternative approach for
the treatment of women with poor ovarian response scheduled
to undergo preimplantation genetic testing for aneuploidies
(PGT-A).

A direct correlation between the success rate after a PGT-A
cycle and the number of embryos available for selection has
been extensively demonstrated 1. It is relatively frequent in
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PGT-A cycles to have a low number of embryos for genetic
analysis, and the number of mature oocytes retrieved is one
of the major conditioning factors. Several causes that result in
a poor response to ovarian stimulation have been identified:
genetic, surgical, and, the most frequent one, the woman’s ad-
vanced reproductive age.

Moreover, it is widely known that advanced reproductive
age is also associated with increased oocyte aneuploidies ['>!*!
and therefore increased embryo aneuploidy 4. The low num-
ber of embryos available for analysis and the high percentage
of abnormal embryos account for the limited success of PGT-A
in women of advanced reproductive age. Furthermore, despite
a lack of consensus, some authors have also reported increased
chromosomal abnormalities in embryos from young women
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with poor ovarian reserve [>17),

In PGT-A cycles with oocyte accumulation, two or more
successive oocyte retrieval cycles with vitrification are pro-
posed in order to accumulate an adequate number of oocytes.
It is expected that a final cycle including both the fresh and
the vitrified oocytes will yield a greater number of embryos
for analysis ['81°). However, there is very little information re-
garding the efficiency of this approach . Data obtained from
oocyte accumulation experience is very valuable not only to
test the strategy itself, but also to assess the efficiency of oo-
cyte vitrification in poor prognosis patients as, to date, out-
comes of vitrified oocytes have been reported mostly in young
good-prognosis patients.

In this regard, the objective of this study was to assess the
impact of oocyte vitrification on embryo development, eu-
ploidy rate and implantation in patients undergoing cycles of
oocyte accumulation for PGT-A. The clinical outcomes of the
PGT-A cycles with oocyte accumulation were also analysed in
order to validate the proposed strategy.

Materials and methods

Study design

This is a retrospective study of 95 PGT-A cycles with oocyte
accumulation by means of vitrification performed between Jan-
uary 2010 and March 2013. During that period, PGT-A was
performed by means of D3 biopsy, array-CGH analysis and
fresh embryo transfer.

The indications for PGT-A were recurrent implantation
failure (n=26, 27.4%), severe male factor (n=26, 27.4%), re-
current miscarriage (n=22,23.1%), and advanced maternal age
(n=21,22.1%).

Patients with <10 metaphase II (MII) oocytes retrieved in
the first treatment cycle were advised to vitrify them and to
undergo a new ovarian stimulation cycle to increase the total
number of oocytes as, according to our results, patients with
<10 MII oocytes had reduced chances of obtaining at least 1
developing euploid blastocyst (unpublished data).

All patients were provided with specific information about
the treatment and strategy proposed and signed a specific in-
formed consent form.

The project was approved by the “Cétedra de Investigacion
en Obstetricia y Ginecologia” of the Department of Obstetrics
and Gynaecology, Hospital Universitari Dexeus, Universitat
Autonoma de Barcelona.

Ovarian stimulation, vitrification and IVF

Ovarian stimulation protocols with GnRH analogues and gon-
adotropins were used as previously described *'!. Cryopres-
ervation of MII oocytes was achieved with the vitrification
technique using Cryotop® as described by Kuwayama ™ and
oocytes were stored in liquid nitrogen vapour.

Oocyte warming was performed on the same day as the oo-
cyte retrieval of the last stimulation cycle ®l. All MII oocytes
(fresh and warmed) were treated as a single cohort. Fresh MII
oocytes and those which survived the warming process were
microinjected 4 h post-retrieval and 2 h post-warming, respec-
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tively. Gamete and embryo handling was performed using ferti-
lization and handling media from LifeGlobal®. Embryo culture
was carried out in a tri-gas incubator with 5% O, atmosphere
using a single-step culture medium (Global, LifeGlobal®).

Embryo biopsy and genetic analysis
Embryos with =5 cells and <30% fragmentation at 62-68 hours
post-ICSI were considered suitable for biopsy. Laser technolo-
gy was used for drilling the zona pellucida ! and a single blas-
tomere per embryo was aspirated. Whole-genome amplifica-
tion and array-CGH analysis were performed using SurePlex®,
24Sure® V3, and BlueFuseMulti® (Illumina®) in accordance
with the manufacturer’s instructions.

Anomalies were categorized as “simple aneuploidy” when
affecting <2 chromosomes and as “complex aneuploidy” when
affecting =3 chromosomes.

Transfer, vitrification and follow-up
Fresh transfer of euploid blastocysts was performed on D5
under ultrasound guidance **!. Non-transferred euploid blasto-
cysts were vitrified on D5 or D6 for further attempts using the
kits and media from Kitazato® as previously described .
Micronized vaginal progesterone was used for luteal phase
support (200 mg every 8 hours) until plasma determination of
beta-hCG ten days post-transfer. Clinical pregnancy was con-
firmed by the presence of a gestational sac with positive foetal
heartbeat on ultrasound scan.

Statistical analysis
Continuous variables were described by their mean and stand-
ard deviation. Frequency distributions were used to describe
categorical or nominal variables.

Continuous variables were compared between groups with
the Wilcoxon signed-rank test for paired samples.

Comparison between frequency groups was performed us-
ing the McNemar test for paired proportions.

All tests were bilateral, with a significance level of 5%.

Results

Actotal of 95 PGT-A patients underwent 120 oocyte vitrifica-
tion cycles (X=1.3+0.5 cycles/patient) followed by a last cycle
(fresh oocytes) for each patient. The mean age of the patients
at the time of last oocyte pick-up (OPU) was 38.9+3.9 years.
The antral follicle count of the included patients was 10.9+5.5
and the AMH level was 1.3+1.2 ng/ml. The median number of
days elapsed between the first and the last OPU was 62 (43-
345). A mean of 6.9+2.2 oocytes per patient were obtained and
vitrified in the accumulation cycles. In the last treatment cycle
(fresh cycle), 7.7+3.4 MII oocytes were obtained. Vitrified oo-
cytes were warmed on the day of the last OPU and 81.6% sur-
vived. Warmed and fresh oocytes were microinjected as a single
cohort. No differences were observed in the fertilisation rate
when comparing warmed and fresh oocytes (73.8% vs. 75.2%).
A better developmental capacity up to D3 was observed in em-
bryos from fresh oocytes: 93.8% of the embryos from fresh oo-
cytes were biopsied as opposed to 75.6% of the embryos from
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warmed oocytes (p<0.05). A mean of 8.9+3.1 D+3 embryos
were biopsied per patient (3.1 from warmed oocytes + 5.8 from
fresh oocytes). The euploidy rate was 16.9%, with no differenc-
es according to oocyte origin (18% in embryos from warmed
oocytes vs. 16.2% in embryos from fresh oocytes). A simple
abnormality was detected in 49.7% of the abnormal embryos,
whereas 50.3% had complex abnormalities, with no differences
found between embryos from warmed or fresh oocytes. The rate
of euploid embryos reaching the blastocyst stage was not differ-
ent between the two cohorts (72.2 % from warmed oocytes vs
81.0% from fresh oocytes). See Table 1.

The ratio of euploid blastocysts to MII oocytes in the vitri-
fied/warmed group was 6.7% (44/659) and in the fresh group
it was 10.3% (76/734). A 35.6% reduction in efficiency was
observed in embryos derived from vitrified oocytes (Table 1).

Overall, 89 embryos were transferred in 59 procedures
(X=1.5+0.5 embryos transferred per patient). Fifty-four em-
bryos were from fresh oocytes and 35 from previously vitri-
fied oocytes. Thirty-six patients did not reach transfer (37.9%)
due to the lack of euploid blastocysts. Forty-three embryos
implanted in 32 women, representing an implantation rate of
48.3%. The clinical pregnancy rate was 33.7% per patient and
54.2% per transfer. The twin pregnancy rate was 34.4%. The
ongoing pregnancy rate per patient was 32.7%, with one ec-

Oocyte vitrification and accumulation in PGT-A patients

topic pregnancy and no miscarriages. There was an antepartum
stillbirth at 31 weeks in a monochorionic monoamniotic twin
pregnancy due to amniorrhexis. The remaining 30 pregnancies
were full-term deliveries with 40 live births. The live birth rate
per patient was 31.6% (Table 2).

In 54 of 59 transfer procedures it was possible to ascertain
the origin of the implanted embryo (fresh or warmed), as these
were homogeneous or heterogeneous transfers with a 0% or
100% implantation rate (KID-known implantation data). Anal-
ysis of the KID embryos did not show any significant differ-
ence in the implantation ability of the euploid embryos from
warmed or fresh oocytes (43.3% and 47.9%).

Discussion

Our data allow analysis of the oocyte accumulation strat-
egy used in PGT-A cycles to increase the number of available
embryos. This strategy can be considered for patients with poor
ovarian response to stimulation. Moreover, valuable data have
been obtained regarding the effect of vitrification on embryo
development in patients with a PGT-A indication.

The oocyte survival rate observed in our study is compara-
ble to the rate described in other PGT-A groups %1,

Table 1 Results of oocyte vitrification/warming, embryo culture and genetic analysis.

VITRIFIED 00CYTES FRESH 00CYTES P
Patients 95 -
Oocyte pick-up procedures (mean per patient) 120 (1.3+0.5) 95 -
Metaphase Il oocytes (mean per patient) 659 (6.9+2.2) 734 (7.7+3.4) -
Survived oocytes (survival rate, %) 538 (81.6) - -
Fertilized oocytes (fertilization rate, %) 397 (73.8) 552 (75.2) 0.56
Embryos available for biopsy on D3 (%) 300 (75.6) 518 (93.8) <0.05
Euploid D3 embryos (euploidy rate, %) 54 (18.0) 84 (16.2) 0.51
Euploid embryos that reached the blastocyst stage (%) 44 (72.2) 76 (81) 0.12
Euploid blastocysts/MIl oocytes (efficiency, %) 44/659 (6.7) 76/734 (10.3) <0.01

Table 2 Data on embryo transfer and clinical outcomes according to the origin of the oocyte. (SET: single embryo transfer; DET: double embryo transfer).

00CYTE TRANSFER TRANSFERS TRANSFERRED PREGNANCIES | TWIN PREGNANCIES |  LIVE BIRTHS
ORIGIN TYPE N) EMBRYOS (N) (N.%) (N,%) (N,%)
Fresh SET 19 19 12(63.2) 1(8.3) 10 (52.6)
DET 10 20 4(40.0) 3(75.0) 4(40.0)
Vitrified SET 10 10 4(40.0) 0(0) 4 (40.0)
DET 5 10 2 (40.0) 2 (100) 2 (40.0)
Mixed DET 15 30 10 (66.7) 5 (50) 10(66.7)
Total - 59 89 32 (54.2) 11(34.4) 30 (50.8)
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However, this rate is lower than that observed in our oo-
cyte donation programme (81.6 vs 87.0%, Dexeus unpublished
data) and reported in published data by other groups °2°!. This
can be attributed to the fact that donor oocytes constitute a
good prognosis group with better oocyte quality (<35 years).

Our results showed the same fertilisation rate in fresh and
warmed oocytes, in agreement with data reported by other au-
thors 681 The percentage of good-morphology embryos on
D3, and therefore suitable for biopsy, was lower in the group of
warmed oocytes than in the fresh oocyte group. Cellular dam-
age in the oocyte during vitrification and warming could be at
the origin of developmental impairment in the embryo. These
results are in accordance with data from IVF patients, under-
going or not undergoing PGT-A, although the results are still
controversial %2427 The fact that the blastocyst rate after D3
biopsy is the same in both groups (warmed vs fresh) could in-
dicate that the detrimental effects of vitrification are expressed
mainly in the development of the embryo up to D3, which is
consistent with the fact that the embryo relies on oocyte prod-
ucts before embryo genomic activation on D3.

Overall, our results agree with other data showing a reduc-
tion in the blastocyst rate of PGT-A embryos from vitrified oo-
cytes >3, However, data from a recently published paper !
did not show any reduction in the developmental ability of em-
bryos derived from vitrified oocytes probably due to intrinsic
characteristics of the patients in that particular study, as the pa-
tients included were younger (mean maternal age 36.6 vs 38.9)
and the indications for PGT-A were different (PGT-A only for
repeated implantation failure or recurrent miscarriage).

Our data do not show any differences in the rate or type of
aneuploidy in embryos coming from fresh or warmed oocytes,
endorsing previous findings *°?*?! and confirming that oocyte
vitrification does not induce aneuploidy. Moreover, our data on
KID outcomes indicate that the implantation ability of trans-
ferred euploid blastocysts may not be affected by the vitrifica-
tion process, although this cannot be confirmed as implantation
could not be followed up in all cases (KID from 54 out of 59
transfers). Notably, a mean of 1.5 embryos were replaced in
each transfer, obtaining a multiple pregnancy rate of 34.4%.
Although the current transfer policy in our programme is SET,
by the time the study was performed, and due to the fact that
fully expanded euploid blastocysts were not always available
on D5, patients sometimes opted for double blastocyst transfer.

Before the present study, oocyte accumulation for PGT-A
had already been used by other authors in advanced maternal
age patients ¥ with good clinical outcomes. Our results con-
firm these data, although a reduction of 35% is observed in the
performance of the vitrified oocytes when compared with the
fresh ones, an aspect not assessed in the aforementioned study.
This lower performance is due to the loss of oocytes during the
warming process and the lower developmental ability up to D3
of embryos coming from vitrified oocytes.

As shown by our data, oocyte vitrification in patients eligi-
ble for PGT-A has a detrimental effect on the efficiency of the
cycle, which suggests that the use of an oocyte accumulation
strategy should be considered with caution in such patients.
Alternative strategies would be either embryo accumulation
(biopsied embryo vitrification) or the performance of consec-
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utive fresh PGT-A cycles. Efficiency, cost-related and ethical
issues, as well as emotional stress due to possible successive
non-transfer cycles have to be assessed before deciding on the
appropriate strategy for each patient.

In conclusion, oocyte accumulation in PGT-A patients
makes it possible to increase the number of oocytes and, as
a consequence, the embryos for analysis. However, in the era
of trophectoderm biopsy and considering the excellent results
after blastocyst vitrification, the loss of efficiency of vitrified
oocytes in PGT-A patients discourages the use of this strategy.
By comparing the performance of fresh and vitrified oocytes,
we have been able to confirm that vitrification is a safe tech-
nique that does not induce aneuploidy; we also quantified the
loss that oocyte vitrification implies for this group of women.
Data obtained regarding the detrimental effect of vitrification
on final embryo availability in patients with a PGT-A indication
are also valuable for better patient counselling before the use of
strategies involving oocyte vitrification.
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