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ORIGINAL ARTICLE

High implantation and clinical pregnancy rates with single vitrified-warmed
blastocyst transfer and optional aneuploidy testing for all patients

Julija Gorodeckajaa, Samantha Neumanna, Abeo McCollina,b, Christian S Ottolinia,b,c, Jinjun Wangc, Kamal
Ahujac, Alan Handysidea,b and Michael Summersa,b

aThe Bridge Centre, London, UK; bSchool of Biosciences, University of Kent, Canterbury, UK; cLondon Women’s Clinic, London, UK

ABSTRACT
This study reports the results of a 2-year long IVF programme (‘One by One’) in which all
patients (median age 40 years; range 27–45 years) were offered preimplantation genetic testing
for aneuploidy (PGT-A) and had all blastocysts vitrified (freeze-only), followed later by single vit-
rified-warmed blastocyst transfer (vSET) in managed cycles. Between January 2016 and
December 2017, a total of 155 patients started 222 treatment cycles and 99 (45%) cycles
resulted in one or more vitrified blastocysts (untested or with normal copy number for all chro-
mosomes) available for transfer. Seventeen patients (11%) aged �35 years opted out of PGT-A.
Over this period, 85 vSETs in 74 patients resulted in an implantation rate of 80% (68/85) and a
singleton clinical pregnancy rate of 66% (56/85). Cumulative live birth rates will not be known
for 1–2 years. Nevertheless, these high success rates with vSET confirm larger studies using
selected patients and are likely to deliver similar, if not higher, live birth rates per cycle started
than rates typically reported in national registries with conventional IVF and transfer of one or
more fresh and/or frozen embryos.
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Introduction

A major challenge for clinical IVF remains reducing the
incidence of multiple pregnancies and associated
adverse clinical outcomes, including prematurity, low
birth weight, disability and perinatal morbidity, by
increasing the uptake of single embryo transfer (SET). In
the US, for example, in 2014, live births per cycle were
26.9% with an incidence of twins or higher order deliv-
eries of 24% (CDC, 2016). In the UK, the Human
Fertilization and Embryology Authority (HFEA) introduced
a multiple pregnancy minimization policy for clinics in
2009 and since then the rate of multiple pregnancies
has decreased from 26.6% to 15.9% (HFEA, 2016); this
has been achieved by a corresponding increase in elect-
ive SET particularly among young good, prognosis
patients (HFEA, 2016; Khalaf et al., 2008).

There is good clinical data to support the use of
SET. Randomized controlled trials comparing cumula-
tive live birth rates following two SETs and a single,
double embryo transfer (DET) at both cleavage and
blastocyst stages have reported similar outcomes
(Harbottle, Hughes, Cutting, Roberts, & Brison, 2015;
Practice Committee of Society for Assisted
Reproductive Technology and Practice Committee of

American Society for Reproductive Medicine, 2012).
Moreover, neonatal and maternal outcomes are
improved for women with a singleton pregnancy or
two singleton pregnancies when compared with a
twin pregnancy following DET (Grady, Alavi, Vale,
Khandwala, & McDonald, 2012; McLernon et al., 2010;
Sazonova, K€allen, Thurin-Kjellberg, Wennerholm, &
Bergh, 2012, 2013; Thurin-Kjellberg et al., 2006).

The main obstacles to increasing patient uptake of
SET are reduced pregnancy and live birth rates com-
pared with the transfer of two or more embryos, his-
torically poor outcomes following cryopreservation
and the cost of additional IVF treatment, particularly
in countries where treatment is not covered by either
the government or health insurance. Overcoming
these obstacles requires a combination of efficient
embryo selection and effective and safe methods for
cryopreserving embryos.

Recent improvements in embryo selection include
extended culture to the blastocyst stage in continuous
culture media (Biggers & Summers, 2008; Gardner &
Lane, 1997, 2003; Gardner & Schoolcraft, 1999; Summers
& Biggers, 2003), the use of time-lapse imaging for mor-
phokinetic analysis (Motato et al., 2016) and the judicious
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use of preimplantation genetic testing for aneuploidy
(PGT-A) (Scott et al., 2013; Yang et al., 2012; Zegers-
Hochschild et al., 2017). Furthermore, improvements in
cryopreservation, using rapid cooling and vitrification, par-
ticularly at the blastocyst stage, allow for almost 100%
recovery of thawed embryos with minimal damage and
clinical pregnancy rates following transfer equal to or bet-
ter than fresh embryo transfer (Youm, Choi, Oh, & Rho,
2017). Finally, there are reports that vitrifying all embryos
at the blastocyst stage (freeze-only) and transferring sin-
gle vitrified-warmed blastocysts (vSET) in later managed
cycles increases implantation and pregnancy rates and
live births (Coates et al., 2017; Dieamant et al., 2017;
Shapiro et al., 2013, Shapiro, Daneshmand, Garner,
Aguirre, & Hudson, 2014). A recent multicentre matched
cohort study showed higher ongoing implantation and
pregnancy rates with freeze-only compared to fresh trans-
fer cycles (Wang et al., 2017), prompting an interesting
debate on the merits of freeze-only IVF (Coutifaris, 2017).

Here, we report the results from the first 2 years of
an IVF programme ‘One by One’ (OBO) in which all
patients, irrespective of age or indication, are offered
PGT-A, have all blastocysts vitrified and later vSET in a
managed cycle. The aims are fourfold: (i) to optimize
embryo selection for vSET; (ii) to maximize cumulative
clinical pregnancy rates per cycle through freeze-only
using a minimum number of transfers; (iii) to reduce
multiple pregnancies to a minimum and improve
singleton live birth outcomes and (iv) to reduce the
incidence of miscarriages. Importantly, PGT-A is offered
mainly to reduce the likelihood of transferring an
aneuploid embryo, which in most cases would result in
either IVF failure or miscarriage. Patients are carefully
counselled that aneuploidy testing of embryos will not
improve their cumulative chance of pregnancy.

For PGT-A, next-generation sequencing (NGS) based
chromosome copy number analysis was used
(Fiorentino et al., 2014). NGS based PGT-A can accur-
ately discriminate meiotic aneuploidies, which are pre-
sent in all of the biopsied cells, from those only
present in a proportion of them (chromosomal mosai-
cism) (Goodrich et al., 2017). This is important because
some blastocysts with only mosaic aneuploidies can
result in a healthy live-born following transfer (Greco,
Minasi, & Fiorentino, 2015).

Material and methods

Patients

All patients referred for IVF were offered OBO, which
includes culture to the blastocyst stage in a time-lapse
incubator, optional trophectoderm biopsy and PGT-A

(‘One by One Plus’, OBOþ), vitrification and cryostorage
of all blastocysts and sequential vSET in later managed
cycles. Patients who had treatment through the OBO/
OBOþprogramme accounted for about 80% of patients
referred to the Bridge Centre for IVF treatment with age
and clinical profiles that are typical of our patient popula-
tion. No pre-selection was used for patient recruitment to
the OBO/OBOþprogramme. All couples provided written
informed consent for IVF/ICSI, blastocyst biopsy, vitrifica-
tion, and genetic testing, as appropriate, and had genetic
counselling if they opted for PGT-A. There were no
restrictions based on total antral follicle count (AFC),
serum Anti-M€ullerian Hormone (AMH) level, numbers of
previously failed IVF attempts or the use of either donor
or surgically extracted sperm. Otherwise, only patients
having preimplantation genetic testing for monogenic
disease (PGT-M) or structural chromosome abnormalities
were excluded. All procedures performed at the Bridge
Centre and London Women’s Clinic as part of the OBO
and OBOþ programmes are approved and licensed by
the Human Fertilization and Embryology Authority
(HFEA) in the United Kingdom and in accordance with all
relevant regulations and legislation. Consenting of
patients was carried out in accordance with the Code of
Ethics of the World Medical Association (Helsinki
Declaration). No new procedures, protocols or randomiza-
tion were used in the OBO programme. Consequently,
the study does not constitute human subjects research
and accordingly approval from an Institutional Review
Board is not required. This is a prospective cohort study
and the analysis is based on the principle of intention-
to-treat.

Ovarian stimulation

Most patients were stimulated with gonadotropins
(Gonal F, EMD-Serono, Rockland, MA, USA and/or
Menopur, Ferring) until criteria (based on the rate of
rise of serum oestradiol and follicle growth over the
first 5 days of ovarian stimulation) were met for pituit-
ary suppression with a GnRH antagonist (Cetrotide,
EMD-Serono, Rockland, MA, USA). The dose and fre-
quency of use of Menopur (Ferring) were determined
by the degree of LH suppression (<1.5 mIU/mL) fol-
lowing the use of a GnRH antagonist. Patients with
diminished ovarian reserve or history of poor ovarian
response underwent luteal phase oestradiol (E2) pri-
ming 7 days after the LH surge to prevent early follicle
recruitment. The selection of a specific protocol,
namely antagonist, luteal phase priming or ‘flare’
protocol was based on patient age, BMI, ovarian
reserve and previous response to controlled ovarian
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hyperstimulation (COH). Patients were monitored with
serial E2 and LH measurements and transvaginal pelvic
ultrasound to assess the rates of follicle growth. Most
patients received hCG (6,500 IU-10,000 IU; Ovitrelle,
EMD-Serono, Rockland, MA, USA) to trigger ovulation.
High responders received a GnRH agonist trigger
(Buserelin, 500 mg sc; Sanofi S.A., Gentilly, France) or a
combination of GnRH agonist and low-dose hCG
(1,500 IU-2,500 IU). The trigger was given when several
lead follicles were �18mm in diameter. Serum LH and
progesterone (P4) levels were checked 12 h after an
agonist trigger in those patients with low endogenous
LH levels (<1.5 mIU/mL). Transvaginal ultrasound-
guided oocyte retrieval was performed 35–36 h after
hCG/agonist treatment.

In vitro fertilization and embryo culture

Oocytes were inseminated either by IVF or mature MII
selected for ICSI using standard protocols. All oocyte
handling was performed in MOPS buffered medium (G-
MOPSþ, Vitrolife, Sweden) under oil at 37 �C. All fertil-
ized oocytes from IVF insemination on Day 1 or MII
oocytes inseminated by ICSI on Day 0 were cultured in a
time-lapse incubator (GeriVR , GeneaBiomedx, Sydney,
Australia) in a continuous single culture medium (CSCM,
Irvine, USA) under mineral oil (Ovoil; Vitrolife, Sweden) at
37 �C in 89% N2, 5% O2 and 6% CO2.

Time-lapse image analysis

Time-lapse incubation was employed to maintain uninter-
rupted embryo culture environment. Fertilization and
embryo development were monitored continuously for
up to seven days (Day 7, post insemination), or until
blastocyst formation and expansion if earlier, by time-
lapse imaging and software analysis (GeriVR Connect,
GeneaBiomedx, Sydney, Australia). The pattern of early
cleavage was recorded as per Ottolini et al. (2017).
Blastocysts were graded according to the Gardner grad-
ing scheme (Gardner & Schoolcraft, 1999).

Blastocyst biopsy and vitrification

For PGT-A, 3–5 trophectoderm (TE) cells were biopsied
from all expanded blastocysts on Day 5–7 post insem-
ination as previously described (Thornhill, Ottolini, &
Handyside, 2012). All biopsied blastocysts were then
vitrified immediately with a vitrification tool (Cryotop,
Kitazato, Japan) and commercially available vitrification
reagents (Cryotech, Japan). Non-biopsied blastocysts
were collapsed using a single laser pulse (Saturn 3;

Research Instruments, UK) and vitrified with the same
protocol. Biopsy samples were washed in Dulbecco’s
phosphate buffered saline (DPBS; Gibco; Life
Technologies, USA) with 0.1% polyvinyl alcohol (PVA;
Sigma-Aldrich, USA) and expelled into labelled PCR
tubes (Corning, Sigma-Aldrich, USA) containing 2 lL
DPBS and stored at �20 �C.

Testing for aneuploidy

Thawed biopsy samples underwent whole genome
amplification using a PCR-library based method
(SurePlex; Illumina, USA) and chromosome copy num-
ber analysed using a next generation sequencing
(NGS) based method (Genesis-24; Genesis Genetics, UK)
and dedicated software (BlueFuse Multi, Illumina, USA).
In cases where embryos were created using donor
sperm, with no consent for sequencing based copy
number analysis, array comparative genomic hybridiza-
tion was used (24Sure, Illumina, San Diego, USA). The
current range for reporting mosaicism by the genetic
testing laboratory is 30–70%, i.e. a 30–70% signal loss
or gain for a single chromosome copy between 1 and
2 copies based on a single TE biopsy sample.

Preparation for single embryo transfer

Patients typically took a 1-month rest cycle following
oocyte retrieval before starting a hormone-supported
vSET treatment cycle. Patients were prepared for sin-
gle embryo transfer in a non-stimulated cycle using
various regimens appropriate to their clinical status: (i)
patients with regular cycles received oral oestradiol
(6–8mg daily split dosing; Progynova, Bayer,
Germany); (ii) patients receiving oral oestradiol with
poor endometrial development and/or low serum oes-
tradiol levels also received supplemental oestradiol
trans-dermal patches (Evorel, 100 mg, 1–2 patches
every 2–3 days, Janssen-Cilag Ltd, High Wycombe,
England, UK); and (iii) patients with either anovulation/
oligo-ovulation, severe endometriosis or significant
adenomyosis were down-regulated using a GnRH
agonist (Buserelin). The development of the endomet-
rium was monitored by trans-vaginal ultrasound. Daily
intramuscular progesterone (IM; Prontogest, IBSA,
Switzerland) was started after confirmation of a thick-
ness of 7–8mm with a trilaminar pattern. Hormonal
support was adjusted as needed to maintain a serum
oestradiol of 600–800 pmol/L and progesterone of
90–120 nmol/L before embryo transfer. All patients
underwent ultrasound-guided transfer of a single
thawed blastocyst.
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Embryo selection

Blastocysts were ranked for transfer based on (i) a nor-
mal copy number for all chromosomes (euploid) follow-
ing PGT-A if done; (ii) best blastocyst morphology score;
and (iii) a normal pattern of bipolar cleavage divisions
assessed by reviewing the time-lapse recording (Ottolini
et al., 2017; Zhan, Ye, Clarke, Rosenwaks, & Zaninovic,
2016). Blastocysts that did not display normal bipolar
cleavage in the first 3 cleavage divisions (1-2-4-8 cells)
were de-prioritized for transfer. The rank order was
based on abnormal division: third versus second versus
first uneven cleavage division (UCD, Zhan et al., 2016). A
selected single blastocyst was thawed using commercial
reagents (Cryotech, Japan) and incubated for 2–6h to
allow blastocoele re-expansion prior to transfer.

Data and statistical analysis

The primary outcome is the ongoing pregnancy/deliv-
ery rate per patient per single blastocyst transfer.
Secondary outcomes are implantation rate per patient
per vSET, clinical pregnancy rate per cycle start per
vSET, subclinical and clinical miscarriage rate.

Biochemical pregnancy was assessed by measuring
the serum ß-hCG level 11 days after blastocyst transfer.
The biochemical pregnancy implantation rate was calcu-
lated by the ß-hCG-positive pregnancies per single

embryo transfer. Clinical pregnancy (CP) was defined by
confirmation of fetal cardiac activity and appropriate
interval growth between 6 and 9 weeks’ gestation.
Ongoing pregnancy was defined as �24 weeks gestation.
The live-birth rate was determined by birthing event per
single embryo transfer. The subclinical miscarriage rate
was calculated by fetal heart negative pregnancies per
ß-hCG-positive pregnancies. The clinical miscarriage was
the loss of a pregnancy after visualization of an intrauter-
ine gestational sac. A multiple pregnancy was defined as
�2 gestational sacs with fetal cardiac activity.

Mean± standard deviations were calculated and the
differences between groups compared. Comparison
was carried out by t-test for continuous data and
Fisher’s Exact test for categorical data, where appropri-
ate. p-Value of <0.05 was taken as significant.

Results

Patient profiles

Between January 2016 and December 2017, a total of
155 patients (mean age 38.3 ± 4.3, median age, 40
years, range 27–45 years) started 222 treatment cycles.
This included 17 patients (19 cycles), age �35 years
who opted out of PGT-A (OBO). One hundred and
thirty-eight patients started 203 cycles of OBOþ IVF.
Patient characteristics are summarized in Table 1.

Table 1. Patient characteristics and clinical profiles.
Characteristic (n¼ 155)

Age at oocyte retrieval (years)
Mean± SD 38.3 ± 4.27
Range 25–45
Body mass index (Kg/m2)
Mean± SD 24.0 ± 3.76
Range 15.9–36.8
Anti-M€ullerian hormone levels (pmol/L)
Mean± SD 9.2 ± 15.4
Range 3.2–86.0
Antral Follicle Count (AFC)
Mean± SD 18.8 ± 13.7
Range 3–80
Primary cause of infertility, n (%)
Advanced maternal age (� 40 years)a 58 (37)
Unexplained 33 (21)
Male factor 29 (19)
Ovulatory dysfunction 11 (7)
Endometriosis 6 (4)
Recurrent Early Pregnancy Loss 4 (3)
Tubal factor 2 (1)
Other 12 (8)
History of previous natural conceptions, n (%)
Live Birth 32 (20.6)
Clinical miscarriage 50 (32.2) (Mean 1.6 per patient; range 1–5)
Termination of pregnancyb 31 (20.0)
History of previous IVF treatment, n (%)
IVF/FETc 52 (33.5)
Number of treatment cycles Mean 2.4 cycles; range 1–6
Live Birth 14 patients (26.9)

Key: aPatients with unexplained infertility �40 years; bData include five ectopic pregnancies and one termination due
to fetal chromosomal abnormalities; bData include both IVF and frozen embryo transfers.
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Outcome of stimulated cycles

Outcomes data for all stimulated cycles are summar-
ized in Table 2. Of the 222 treatment cycles, 168
cycles (76%) resulted in blastocysts suitable for vitrifi-
cation. Of these cycles, 152 had PGT-A of one or more
blastocysts and in 69 cycles (45%) there were no blas-
tocysts with normal copy number for all chromo-
somes. Overall, 99/222 (45%) cycles resulted in one or
more blastocysts (untested or tested) available for
transfer. The proportion of failed cycles increased with
maternal age and this corresponded to a decline in
the number of blastocysts and cycles with one or
more blastocysts for transfer (Table 2).

Cycle outcomes: general observations

Twenty-six cycles (12%) were cancelled prior to egg
collection: nineteen due to recruitment of �2–3 fol-
licles; two due to an increased risk of ovarian hypersti-
mulation syndrome (OHSS); and five for miscellaneous
reasons, including drug reaction, febrile episode and
premature ovulation. Twenty-eight cycles (13%) went
to oocyte retrieval but either had no normal fertiliza-
tion or no development to the blastocyst stage by day
7 post-insemination.

Overall, 24 patients with a previous poor ovarian
response (�2–3 follicles) started and/or completed 40
cycles of treatment and of these, one cycle resulted in
a single euploid blastocyst and a second cycle pro-
duced two euploid blastocysts.

Nineteen OBOþ patients failed to produce a blasto-
cyst suitable for biopsy in their first cycle of treatment.
Of this group, six patients declined further treatment
and two opted for donor oocyte IVF. Eleven patients
completed a further 12 cycles of OBOþ treatment of

which three cycles resulted in no blastocysts; four pro-
duced no euploid blastocysts; and five resulted in
euploid blastocysts: one cycle each produced 4, 3 and
2 euploid blastocysts, respectively, and a further two
cycles each resulted in a single euploid blastocyst.

Preimplantation genetic testing for aneuploidy

PGT-A yielded a result in 571/583 (98%) of trophecto-
derm samples from biopsied blastocysts. Seven sam-
ples had no detectable DNA and 5 samples did not
meet QC criteria to allow accurate interpretation.
Overall, 172 (30%) blastocysts were identified as
euploid and 411 (70%) as aneuploid or had no result.
Samples with only intermediate copy number changes
indicating chromosome mosaicism (i.e. aneuploidies in
only some of the sampled trophectoderm cells) were
reported as aneuploid and not prioritized for transfer.
The estimated number of oocytes needed to produce
a single euploid blastocyst in the different patient age
groups <35, 35–37, 38–39, 40–42 and 43–45 years
was 7, 6, 11, 16 and 52, respectively.

Clinical outcome following single vitrified-warmed
blastocyst transfer

Overall, 85 vSETs (OBO and OBOþ) were performed in
74 patients resulting in an implantation rate of 80%.
Sixty-eight of the embryo transfers were single blasto-
cysts with unambiguously normal copy number for all
chromosomes based on a rigorous review and second-
ary check of all NGS reports and further interrogation
of all NGS plots. There were 7 (8%) preclinical and 6
(7%) clinical losses (4/6 were confirmed to be euploid
by genetic analysis of POC and in the other 2 cases

Table 2. Clinical outcomes of OBO/OBOþ IVF cycles.
One by One One by One Plus

Maternal age range <35 <35 35–37 38–39 40–42 �43
No of patientsa 17 14 23 23 56 25
No of cycles started 19 20 28 33 80 42
No of egg collec-

tions (%)
17 (89) 18 (90) 27 (96) 29 (88) 69 (86) 35 (83)

Mean no
of oocytes ± SD

12.7 ± 6.0 10.8 ± 4.0 12.1 ± 4.9 13.1 ± 7.7 9.9 ± 6.3 10.5 ± 5.1

Mean no of normally
fertilised
oocytes ± SD

7.5 ± 4.7 5.6 ± 3.1 7.7 ± 4.2 8.0 ± 5.4 5.8 ± 4.9 5.5 ± 3.2

Mean no of
blastocysts ± SD
(%)

5.2 ± 4.7 (68) 3.8 ± 3.1 (65) 4.6 ± 2.4 (57) 4.4 ± 3.4 (53) 3.7 ± 4.0 (54) 2.5 ± 2.0 (41)

Mean no of euploid
blastocysts ± SD
(%)

N/A 1.8 ± 1.7 (47) 2.2 ± 1.6 (47) 1.3 ± 1.2 (30) 0.8 ± 1.5 (22) 0.2 ± 0.5 (9)

No of cycles with �1
blastocyst(s) for
transfer (%)b

16 (100) 15 (88) 22 (88) 19 (68) 20 (38) 6 (21)

Key: asome patients had cycles in both age groups; bof cycles that formed at least one blastocyst.
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follow up analysis was not done). Four of the patients
who miscarried underwent a second transfer of a sin-
gle euploid blastocyst and all have ongoing viable
singleton pregnancies. The ongoing singleton clinical
pregnancies and delivery rates to date are 66% per
vSET with no twins or higher order multiple
pregnancies.

No statistically significant differences in implantation
(IR, p¼ 0.61) and clinical pregnancy rates (PR, p¼ 0.63)
were detected between OBO and OBOþpatients aged
<35 years. Therefore, the data have been pooled for
ease of presentation. In women aged <35 years,
implantation and clinical pregnancy/delivery rates were
higher than average with or without PGT-A.

Implantation and clinical pregnancy rates remained
high up to age 40–42 years. In addition, 3/5 transfers
in women aged >43 years resulted in an ongoing clin-
ical pregnancy and two deliveries. The data are sum-
marized in Figure 1.

Two of the transfers resulted in early miscarriages at
around 8 weeks gestation, and genetic analysis of
products of conception (POC) identified them as
digynic triploid (69, XXX) and Turner syndrome (45, X).
As copy number analysis assumes a majority of chro-
mosomes in the sample are diploid, 69, XXX is not
detectable, whereas 69, XXY can be detected by the
copy number changes of the sex chromosomes. The
other blastocyst was misreported as euploid and
reanalysis of the TE DNA confirmed that the transferred
embryo was 45, X. These transfers were excluded from
the data set. One of the patients successfully delivered
following transfer of a single euploid blastocyst derived
from the same treatment cycle.

Of the pregnant/delivered patients, 36/55 (65%)
have 126 additional blastocysts (untested or tested)
and 10/19 non-pregnant patients have 19 blastocysts
in storage. Fifteen patients are yet to have a transfer
of 28 cryopreserved euploid blastocysts. Cumulative
delivery rates per cycle start will not be known for
several years.

Mosaic embryos

Three patients with no euploid embryos available for
transfer based on chromosome copy number analysis
were counselled on the transfer of a mosaic blastocyst.
Further testing of the original TE biopsy (data not
shown) confirmed the presence of a single copy of
each maternal and paternal chromosome and no evi-
dence of meiotic errors. Patients were fully counselled
and consented for transfer of a single mosaic embryo.
All patients successfully conceived: two patients have
an ongoing pregnancy and the third suffered a
miscarriage.

Figure 2 summarizes the euploid/aneuploid distri-
bution of TE biopsied blastocysts per age group (see
also Discussion).

Birth outcomes

Outcomes data are available from 29/30 deliveries.
Twenty-eight patients delivered healthy infants: 23
full-term deliveries and five deliveries between 35 and
38 weeks of gestation. Additionally, one perinatal
death at 31 weeks gestational age was reported as a
result of severe medical complications of pregnancy

Figure 1. Implantation and clinical pregnancies/delivery rates per single vitrified-warmed blastocyst transfer (vSET) by age group
(years): <35; 35–37; 38–39; 40–42; and 43–45. Estimated cumulative delivery rates per cycle start are also shown. Clinical preg-
nancies/deliveries rates are also compared to the most recent 2014 UK national averages for pregnancies per FET (HFEA,2016).
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secondary to acute inflammation of the biliary tract
confirmed by liver biopsy. Of the full term deliveries, a
single small for gestational age (SGA, <2500 g) female
and three (two males, one female) large for gesta-
tional age (LGA, >4000 g) babies were noted. There
were no cases of fetal macrosomia recorded from this
small dataset.

Discussion

The strategy behind the OBO programme was to com-
bine: (i) embryo culture to the blastocyst stage in a
continuous culture medium in a time-lapse incubator
with low oxygen; (ii) optional PGT-A; (iii) freeze-all blas-
tocysts (freeze-only) by vitrification; and (iv) vSET in a
later managed cycle. Although our data are prelimin-
ary, this combined strategy, applied to an unselected,
consecutive series of patients many of whom had an
extensive history of previous failed fertility treatments
(mean age 38.8 ± 4.3), has been effective with high
implantation (80%) and singleton clinical pregnancy/
delivery rates (66%) per transfer and no twins to date.
Furthermore, these high rates per transfer were

maintained in women up to the age of 43 years
(Figure 1). Live birth rates per cycle started will only be
known in 12–24 months when all patients with vitrified
blastocysts have had at least one vSET and patients
who failed to get pregnant following the first transfer
have any additional blastocysts transferred. Taking into
account cycles cancelled because of poor or subopti-
mal response, cycles in which no fertilized embryos
reached the blastocyst stage and those in which none
of the blastocysts had a normal copy number for all
chromosomes (euploid), 55% of cycles started did not
result in one or more blastocysts (untested or tested)
for transfer and the proportion of these cycles
increased significantly in women in their 40s (Table 2).
Nevertheless, if clinical pregnancy rates per transfer are
maintained, we estimate a 36% clinical pregnancy rate
per cycle started (all ages) with single embryo transfer.
UK national data for 2013 with frozen embryo transfers
is 25% and is not limited to single embryo transfers
(HFEA, 2016). The comparison, of course, is not com-
pletely valid since the distribution of patients nation-
ally favours NHS-referred patients <35 years, whereas
our data are skewed to patients >38 years.

Figure 2. Distribution of euploid, full copy single trisomies, double trisomies, mosaic and other aneuploidies (includes full copy
single monosomies (21%); single segmental (8%); polyploid (1.3%) and chaotic mixed patterns (including multiple gain and loss
full copy aneuploidy and/or segmental, 69.7% of other aneuploidies) based on the results of single TE biopsy of all biopsied blas-
tocysts. The groupings are based on the chromosome complement observed in an analysis of retained products of conception fol-
lowing single blastocyst transfer (Segawa et al.,2017).
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Other clinics have also recently reported high
implantation and live birth rates per transfer and per
cycle started with freeze-all blastocyst/PGT-A though
they have not adopted a strict policy of vSET for all
patients (Barash et al., 2017; Whitney, Schiewe, &
Anderson, 2016). The observed high rates are likely to
be a combination of efficient embryo selection with
vSET in non-stimulated, managed cycles. Selecting
only embryos which reach the blastocyst stage, priori-
tizing those with normal cleavage divisions (Ottolini
et al., 2017; Zhan et al., 2016), good morphology and
forming expanded blastocysts by Day 5, together with
PGT-A was highly efficient at identifying embryos with
the potential to implant and develop into a clinical
pregnancy. We have not as yet examined the contri-
bution of PGT-A to the overall success rate for embryo
selection. On the other hand, our preliminary data
indicate that the highest rates were observed in
women <35 years with or without PGT-A (Table 2).

The transfer of a euploid embryo is a prerequisite
for successful IVF treatment. On the other hand, aneu-
ploidy is the primary cause of either failed IVF or mis-
carriage. The proportion of aneuploid TE increases
with maternal age and the principle aim of PGT-A is
to overcome the effects of maternal age by selecting
euploid embryos for transfer. This study has confirmed
that high pregnancy rates can be maintained in all
age groups following transfer of a single embryo. We
are, however, mindful that any clinical gain seen with
PGT-A would be lost without focusing on every aspect
of the IVF/PGT-A process, including clinical and labora-
tory protocols, along with a careful review of the
time-lapse data, PGT-A report and rigorous analysis of
the raw data and NGS plots before embryo selection
and embryo transfer procedure. An essential compo-
nent of the process is the implementation of a robust
blastocyst vitrification and warming protocol.

A concern of older women is not only time to preg-
nancy but also the psychological burden of both IVF
failure and early pregnancy loss. Pregnancy rates for
this group following PGT-A/SET are not affected by
maternal age provided a balanced euploid blastocyst
is transferred. Others have shown that PGT-A offers a
gain for older women up to 43–44 years depending
on the ovarian reserve (Scott et al., 2013; Ubaldi
et al., 2017).

SET is the most effective way of reducing the inci-
dence of higher-order pregnancies and most countries
have either guidelines, policies or legislation regarding
the use of SET (Maheshwari et al., 2012). However, the
level of acceptance of SET differs between countries
and probably reflects varying degrees of government

intervention, culture and patient autonomy. The trend
to transferring fewer embryos and the more wide-
spread adoption of SET, along with limitations in the
selection of embryo(s) for transfer based on morph-
ology have resulted in very less change in live birth
rates per cycle start based on an examination of IVF
national registries.

As shown in Figure 2, lower implantation and preg-
nancy rates seen in older patients are due largely to
an increase in the proportion of complex/chaotic
aneuploidies that are less likely to implant. However,
there is no significant increase in full copy uniform tri-
somy/double trisomy, but an increase in the ratio of
uniform trisomies/euploid embryos due to a decrease
in the proportion of euploid embryos. This shift will
presumably result in an increased probability of select-
ing trisomic and other aneuploid embryos for transfer
that are more likely to implant resulting in early preg-
nancy loss when not performing PGT-A (Segawa et al.,
2017). Of 583 TE biopsy samples, 5 (<1%) are
recorded as mosaic following detailed analysis of the
raw data and NGS plots (data not shown).

It is axiomatic that the use of PGT-A along with
other embryo selection technologies will not improve
cumulative live birth rates in a freeze-only programme,
followed by serial SET. It has been argued that current
embryo selection methods will lower IVF success rates
due to selecting out and discarding embryos with
<100% accuracy (Geraedts & Sermon, 2016;
Mastenbroek & Repping, 2014; Mastenbroek, Twisk,
van der Veen, & Repping, 2011). Other investigators
have also argued that blastocyst culture and PGT-A
can result in no embryo transfer when embryos fail to
develop to the blastocyst stage (Kang, Melnick,
Stewart, Xu, & Rosenwaks, 2016) and anecdotal cases
have been reported of women whose embryos failed
to reach the blastocyst stage but conceived following
a day 3 embryo transfer (Gleicher & Barad, 2012). We
believe, however, that these concerns are overstated.

The challenge with blastocyst culture and TE biopsy
is not detecting full copy uniform aneuploidies and
euploid blastocysts where PGT-A using NGS is robust,
but mosaicism and segmental aneuploidies since suc-
cessful pregnancies have been reported, albeit at a
lower pregnancy rate (Greco et al., 2015) and have
been associated with early pregnancy loss and IUGR
(Lebedev, 2011; Suhag & Berghella, 2013; Wilkins-
Haug, Quade, & Morton, 2006; Yuen & Robinson,
2011). A blastocyst freeze-all programme allows time
to interrogate further the biopsy samples if indicated.
In our experience, some TE biopsies reported as cha-
otic aneuploidy/mosaics have been shown to be
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euploid on further analysis (unpublished data). We do
not discard embryos based on the findings of PGT-A,
but the rank for transfer will shift after taking note of
the pattern of early embryo cleavage (Ottolini et al.,
2017; Zhan et al., 2016) and blastocyst morphology.

Embryo cryopreservation of all good quality
embryos, so-called ‘freeze-only’, has various accepted
clinical indications, including reducing the risk of
OHSS, avoiding the adverse effects of a premature rise
in serum progesterone (P4) on the endometrium,
patients with documented out-of-phase endometrium
(Shapiro & Garner, 2017; Surrey, Katz-Jaffe, Kondapalli,
Gustofson, & Schoolcraft, 2017) and in cases of PGT-A
and PGT-M following blastocyst culture and trophecto-
derm (TE) biopsy. Elective freezing of all embryos in
these cases may offer an acceptable risk-benefit ratio.
A freeze-only strategy has also been proposed as a
means to improve success rates in standard ART. The
putative negative effects of supraphysiological oestra-
diol (E2) levels following COH on the endometrium
can be avoided by adopting a freeze-only policy
in which all blastocysts are cryopreserved by
vitrification and subsequently transferred either in a
natural or hormone-replacement treatment (HRT)
FET cycle. A recent retrospective study reports that
supraphysiological E2> 2500 pg/mL (approximately
9200 pmol/L) is an independent predictor of low birth
weight (LBW) in singletons born after fresh IVF/ET
(Pereira et al., 2017). A natural and HRT FET cycle can
potentially provide a more physiologic intrauterine
hormonal milieu for embryo implantation and placen-
tation. Recent studies have reported equivalent or bet-
ter pregnancy rates when vitrified-warmed blastocyst
transfers are compared with fresh blastocyst transfers
(Feng et al., 2012; Ozgur, Berkkanoglu, Bulut,
Humaidan, & Coetzee, 2015; Roy, Bradley, Bowman, &
McArthur, 2014; Shapiro et al., 2013; Zhu et al., 2011).
Comparative studies of perinatal outcome of single-
tons born after frozen-thaw and fresh blastocyst ET
have generally been reassuring regarding the safety of
FET, including a decreased risk of LBW, preterm birth
and SGA babies (Belva, Bonduelle, Roelants, Verheyen,
& Van Landuyt, 2016; Maheshwari, Pandey, Shetty,
Hamilton, & Bhattacharya, 2012; Ozgur et al., 2015;
Pelkonen et al., 2010; Roy et al. 2014; Vidal et al.,
2017). By contrast, some studies have shown a shift in
the distribution of fetal weights resulting in an
increase in the proportion of LGA and fetal macroso-
mia following FET when compared with fresh IVF/ET
(Sazonova, et al., 2012; Wennerholm et al., 2013).

Three recent randomized controlled clinical trials
evaluating live births in fresh versus freeze-only IVF

cycles have been published (Chen et al., 2016; Shi
et al., 2018; Vuong et al., 2018). The first study con-
firmed an increase in live births with Day 3 FET in
polycystic ovary syndrome patients. The other two
studies using ovulatory patients failed to detect a sig-
nificant difference in live-birth rates between Day 3
frozen and fresh embryo transfer groups. All three
studies used a highly homogeneous population of
young, good prognosis patients and transfer of two
Day 3 embryos resulting in a high twin pregnancy
rate. Two of the papers (Chen et al., 2016; Vuong
et al., 2018) showed a statistically significant difference
in the distribution of fetal weights between the fresh
and frozen embryo transfer groups, whereas no differ-
ence was noted in the third study (Shi et al., 2018). It
is unclear if the same approach will yield either similar
results or is applicable to older patients using single
blastocyst transfer. Importantly, vitrification per se
does not appear to compromise the viability of
embryos post-transfer and in some clinical settings
increases live birth rates.

In conclusion, preliminary data from the OBO IVF
programme have potentially important clinical implica-
tions for IVF practice. For patients, these include: (i)
changing from fresh and frozen transfers to exclusively
vSET; (ii) accepting that clinical pregnancy is still pre-
dominantly related to maternal age and that negative
outcomes mainly occur before embryo transfer; (iii)
the clinical benefits of cryopreserving all blastocysts,
maximizing the chance of pregnancy per cycle while
at the same time minimizing the risk of a multiple
pregnancy; and (iv) with PGT-A reducing miscarriages
caused by the age-related increase in chromosome
aneuploidy. For clinicians, changes include: (i) the
management of ovarian stimulation cycles can be
modified with less risk of OHSS; (ii) suboptimal cycles
can be stopped, reducing costs for patients; and (iii)
the expectation of high implantation and clinical preg-
nancy rates focuses attention on negative outcomes
and clinical factors such as endometrial receptivity. For
embryologists, since most patients over the age of
about 35–36 years elect to have PGT-A, the workload
is substantially increased.

The principle of ‘one embryo, one healthy baby’
has long been the goal of IVF. The approach used
here, if success rates are confirmed with larger num-
bers of patients, brings us closer to realizing that goal
without compromising clinical pregnancy and live
birth rates. However, it represents a paradigm shift for
the practice of IVF and much larger studies are
needed on efficacy and safety, including follow up of
children born, before mainstream adoption.
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