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ABSTRACT

OBJECTIVES

To evaluate whether embryo transfers at blastocyst
stage improve the cumulative live birth rate after
oocyte retrieval, including both fresh and frozen-
thawed transfers, and whether the risk of obstetric
and perinatal complications is increased compared
with cleavage stage embryo transfers during in vitro
fertilisation (IVF) treatment.

DESIGN
Multicentre randomised controlled trial.

SETTING
21 hospitals and clinics in the Netherlands, 18 August
2018 to 17 December 2021.

PARTICIPANTS

1202 women with at least four embryos available on
day 2 after oocyte retrieval were randomly assigned
to either blastocyst stage embryo transfer (n=603) or
cleavage stage embryo transfer (n=599).

INTERVENTIONS

In the blastocyst group and cleavage group, embryo
transfers were performed on day 5 and day 3,
respectively, after oocyte retrieval, followed by
cryopreservation of surplus embryos. Analysis was on
an intention-to-treat basis, with secondary analyses
as per protocol.

MAIN OUTCOME MEASURES

The primary outcome was the cumulative live birth
rate per oocyte retrieval, including results of all
frozen-thawed embryo transfers within a year after
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WHAT IS ALREADY KNOWN ON THIS TOPIC

In vitro fertilisation (IVF) centres expected better treatment efficacy by extending
embryo culture to the blastocyst stage, assuming only viable embryos reach this
stage

Focus has been on higher live birth rates after the first embryo transfer, with
blastocyst transfers showing better outcomes than cleavage stage transfers

The cumulative live birth rate, including both fresh and frozen-thawed embryo
transfers, is considered most relevant but is missing in studies

WHAT THIS STUDY ADDS

This study found no difference in cumulative live birth rate between blastocyst and
cleavage stage transfers in women with at least four embryos

Blastocyst transfers may reduce pregnancy loss and require fewer embryo
transfers, but they might increase moderate preterm births (32 to <37 weeks)
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randomisation. Secondary outcomes included
cumulative rates of pregnancy, pregnancy loss, and
live birth after fresh embryo transfer, number of
embryo transfers needed, number of frozen embryos,
and obstetric and perinatal outcomes.

RESULTS

The cumulative live birth rate did not differ between
the blastocyst group and cleavage group (58.9% (355
of 603) v 58.4% (350 of 599; risk ratio 1.01, 95%
confidence interval (CI) 0.84 to 1.22). The blastocyst
group showed a higher live birth rate after fresh
embryo transfer (1.26, 1.00 to 1.58), lower cumulative
pregnancy loss rate (0.68, 0.51 to 0.89), and lower
mean number of embryo transfers needed to result

in a live birth (1.55 v 1.82; P<0.001). The incidence
of moderate preterm birth (32 to <37 weeks) in
singletons was higher in the blastocyst group (1.87,
1.05 to 3.34).

CONCLUSION

Blastocyst stage embryo transfers resulted in a
similar cumulative live birth rate to cleavage stage
embryo transfers in women with at least four embryos
available during IVF treatment.

TRIAL REGISTRATION
International Clinical Trial Registry Platform NTR7034.

Introduction
In vitro fertilisation (IVF) is a successful treatment
for infertility, with more than 10 million children
born after assisted reproductive technology since
1978.' Currently around one in 30 children in the
US and Europe are born after assisted reproductive
technology.” > The timing of embryo transfer is an
important part of IVF treatment. Traditionally during
IVF treatment or intracytoplasmic sperm injection
(ICSI), embryos were transferred on day 3 after oocyte
retrieval, aligning with the cleavage stage of embryo
development. After improvements to in vitro culture
conditions and embryo cryopreservation techniques,
however, the standard practice has changed towards
transferring embryos at the blastocyst stage of embryo
development, usually on day 5 or day 6 after oocyte
retrieval.*®

The rationale for this change in practice was that
as only viable embryos are thought to be able to reach
the blastocyst stage in vitro, the selection of embryos

ybLAdod Aq paslold “Areiqi Ausisniun 1yoain 1e $z0z Jaquisidas O Uo /wod:fug mmawy/:dny woly papeojumod ‘#z0z Jaquisidas 9T uo £€T080-#202-IWa/98TT 0T Se paysiiqnd 1s1y :CINg


mailto:simone.cornelisse%40radboudumc.nl?subject=
https://orcid.org/0000-0002-9031-8869
https://dx.doi.org/10.1136/bmj-2024-080133
https://dx.doi.org/10.1136/bmj-2024-080133
https://crossmark.crossref.org/dialog/?doi=10.1136/bmj-2024-080133&domain=pdf&date_stamp=2024-08-08
http://www.bmj.com/

for transfer would be enhanced.”® Additionally, this
timing aligns more closely to the so called implantation
window, when the endometrium is more receptive to
embryos.*” Theoretically, therefore, a higher treatment
efficacy is expected from the transfer of embryos
at the blastocyst stage in terms of live birth rate for
each (fresh) transfer, risk of pregnancy loss, number
of embryos transfers needed, and time to conception
leading to live birth. Furthermore, embryo transfers at
the blastocyst stage have been proved to improve the
live birth rate for each fresh transfer in women with a
good prognosis.* ® Because of those mainly theoretical
advantages of the blastocyst stage, worldwide many
IVF clinics rapidly changed from using cleavage stage
transfer to blastocyst stage transfer without proven
effectiveness and safety studies.*” The outcome of a
live birth rate for each fresh embryo transfer does not,
however, encompass the available supernumerary
embryos in IVF, which are frozen for potential future
transfers. Transfers and cryopreservation at the
cleavage stage generally yield a higher number of
embryos for future frozen-thawed embryo transfers, as
some embryos will show arrested development during
the cleavage to blastocyst stage in vitro. A longer
period exposed to an in vitro culture condition could
be detrimental compared with exposure to the uterine
environment, which would favour cleavage stage
embryo transfer.*”

Nevertheless, it remains uncertain which of the two
embryo transfers is superior in terms of cumulative
live birth rate, encompassing live births from both
fresh and frozen-thawed embryo transfers.*’ From
the patients’ perspective, the cumulative live birth
rate is considered the most important outcome, as
it summarises the success rate over an entire course
of one IVF treatment cycle.'®*? Similarly, systematic
reviews have concluded that high quality evidence on
cumulative pregnancy results is currently insufficient
and that well designed randomised controlled trials
are needed to assess clinical value.”” In light of this,
we conducted a multicentre, randomised, superiority
controlled trial comparing cumulative live birth rates
after IVF or ICSI with blastocyst or cleavage stage
embryo transfers in women with a minimum of four
embryos available on the day 2 after oocyte retrieval.

Methods

Study design

The Three or Five (ToF) study was designed as a
multicentre randomised controlled trial at 21 Dutch
hospitals and clinics, with laboratory procedures
performed in 11 affiliated IVF laboratories. Trial
coordination, study design, data management, and
statistical analysis were conducted at Radboud
University Medical Centre and Amsterdam UMC. The
Netherlands Society of Obstetrics and Gynaecology
Consortium provided trial support and performed
independent audits and data monitoring. No interim
analysis was performed. Details on rationale and
design of the trial have been reported previously.'*
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Participants

Women aged 18-43 years, scheduled for their first,
second, or third IVF or ICSI oocyte retrieval cycle
were eligible for participation. Each woman could
only participate in one treatment cycle. To be eligible,
women needed to have four or more embryos available
on the second day after oocyte retrieval. The definition
of an embryo in the context of the study was all zygotes
with two pronuclei, one pronuclei, or no pronuclei
at day 1 (observed at 16-18 hours after insemination
or injection) and at least one cell division on day 2
(embryos with >3 pronuclei were excluded).

Exclusion criteria included preimplantation genetic
testing, the use of frozen-thawed oocytes, and the
use of donor oocytes. Fertility doctors counselled the
women and provided them with a patient information
letter during their scheduled visits. Written informed
consent was obtained from all women before oocyte
retrieval.

Randomisation

Women who had provided consent were randomly
assigned in a 1:1 ratio using Castor, an online
computerised randomisation software, on day 2 after
oocyte retrieval. Randomisation was stratified based
on age (<36 years v 236 years). A random permuted
block design with block sizes of two, four, or six was
used to ensure a balanced allocation of women to
both groups. Participants, doctors, embryologists,
and laboratory technicians could not be masked
owing to the nature of the intervention. Data analysts
were masked during data cleaning and preparation of
syntaxes, and they were unmasked after the inclusion
and treatment phases.

Procedures

A gonadotrophin releasing hormone agonist or a
gonadotrophin releasing hormone antagonist protocol
was used to control ovarian stimulation, and the use
of ICSI was at the discretion of the local investigators.
The laboratories adhered to the study protocol, but
otherwise applied their own laboratory procedures.
Each centre always collaborated with the same
laboratory.

In the blastocyst group, fresh embryos were
transferred on day 5 (not day 6) after oocyte retrieval,
followed by cryopreservation of surplus embryos on
day 5 or day 6 using the vitrification method. If no
embryo had reached the blastocyst developmental
stage, an embryo could be transferred at day 5 from
a delayed stage of development, such as morula or
cleavage stage. In the cleavage group, fresh embryos
were transferred on day 3 after oocyte retrieval,
followed by cryopreservation of surplus embryos on
day 3 or day 4 using a slow freezing or vitrification
method depending on local protocols. In both groups,
embryo selection for fresh transfer or cryopreservation
was based on embryo morphology using local criteria.
For ethical reasons in six centres, if women randomised
to the cleavage group had embryos that did not fulfil
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the local freezing criteria on day 3 or day 4, those
embryos were cultured up to day 6. If these remnant
embryos developed into blastocysts, cryopreservation
was still performed, but the results from these frozen-
thawed embryo transfers were excluded from the per
protocol analysis. Importantly, available cleavage
stage embryos were thawed first.

In the Netherlands, single embryo transfer is
commonly performed in both fresh and frozen-
thawed cycles following national guidelines and local
protocols.”® Double embryo transfers are, however,
allowed in women aged 38 years or older as well as
all women going through a third IVF cycle. For frozen-
thawed embryo transfers, endometrial preparation was
carried out in either a natural cycle or an artificial cycle
with exogenous oestradiol and progesterone, based on
characteristics of the women and their preferences.

The follow-up period included the results of the
fresh embryo transfer, all frozen-thawed embryo
transfers from the initial oocyte retrieval cycle,
and natural conceptions within 12 months of
randomisation. Owing to the covid-19 pandemic and
related restrictions, some treatments were interrupted
or postponed. To compensate for delays in treatment,
we extended the follow-up period by five months for
women with an oocyte retrieval date between 16 March
2019 and 1 September 2020.

Outcome measures

The primary outcome was the cumulative live birth
rate of pregnancies arising from fresh or frozen-thawed
embryo transfers from the study cycle or natural
conceptions within 12 months after randomisation.
Secondary outcomes included (cumulative) pregnancy
rates, pregnancy loss rate, live birth rate after fresh
embryo transfer, number of embryo transfers needed
to achieve a live birth, cancelled transfers, number
of frozen embryos, embryo utilisation rate, time to
conception leading to live birth, multiple pregnancy
rate, and obstetric and perinatal outcomes.

Obstetric and perinatal outcomes of gestational age
at delivery, mode of delivery, sex, and birth weight
were collected from records. More detailed obstetric
information on hypertensive disorders of pregnancy,
gestational diabetes mellitus, and abnormal
placentation were included in a questionnaire
administered to participants.

Serious adverse events were reported to the ethical
committee and were analysed immediately.

Statistical analysis

The trial was designed as a superiority trial to prove
the presence of a two sided difference. At the time of
the study design and for determination of the sample
size, we expected a cumulative live birth rate of 31%
for each oocyte retrieval using cleavage stage embryo
transfer based on cumulative results of recorded data
in all patient groups in 2015 from the Dutch IVF
laboratories.'® We hypothesised that the cumulative
live birth rate after blastocyst stage transfer would
be more than 8 percentage points higher than after
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cleavage stage transfer. Owing to the absence of high
quality data on cumulative results for reference, our
sample size was based on earlier findings of increased
live birth rates after fresh transfer.” We determined
that a sample size of 1200 women would provide 80%
power at an o level of 0.05, accounting for an estimated
dropout rate of 2%.

We used the y? test to assess differences in non-
continuous variables between the two study groups
and the independent t test to assess differences in
continuous variables, reported as means. Subsequently,
we compared the cumulative and fresh embryo transfer
pregnancy outcomes between the groups using log-
link binomial generalised linear models, adjusted
for age stratified groups. We calculated absolute
differences and risk ratios along with corresponding
95% confidence intervals (CIs). A two sided P value
<0.05 indicated statistical significance. Women lost
to follow-up were considered not to have had a live
birth. Cox proportional hazard curves adjusted for age
stratified groups were constructed for both groups to
summarise time to conception until live birth.!” We
present hazard rates, and for each group median time
to conception leading to live birth. Statistical analysis
was based on the intention-to-treat principle.

Planned and prespecified subgroup analyses were
performed for two age groups (<36 years v >36 years)
to assess whether participants’ age can be used as a
treatment selection marker or has prognostic value for
cumulative live birth rate and cumulative pregnancy
loss, including testing for interaction. We also
conducted post hoc subgroup analyses by subdivision
of age groups, performance by IVF centre laboratory,
only single embryo transfers, fertilisation technique,
stimulation protocol, cryopreservation technique,
and stage of embryo development. Additionally, we
conducted a per protocol analysis adjusted for age
stratified groups using log-link binomial generalised
linear models. The per protocol analysis excluded
cycles that deviated from the protocol for any instances
or cycles involving the use of frozen-thawed embryos
on day 5 or day 6 in the cleavage group. Statistical
analysis was performed with IBM SPSS statistics
(version 28).

Patient and public involvement

Patient representatives from the Dutch patient
organisation Freya (www.freya.nl) were involved in
the design of this research. During the preparatory
stage, priority of the research question and choice of
outcome measures were chosen after consultation with
a focus group from Freya. The board of the Netherlands
Society of Obstetrics and Gynaecology and members of
the Dutch Society of Clinical Embryologists (KLEM)
also pointed out the importance of this research and
high priority for clinical research in IVF.

Results

Participants

Between 18 August 2018 and 17 December 2021, a total
of 1706 women provided consent and were enrolled in
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the trial, of whom 504 were ineligible for randomisation.
Of the 1202 women who met the inclusion criteria and
were eligible for randomisation, 603 (50.2%) were
assigned to the blastocyst stage group and 599 (49.8%)
to the cleavage stage group. Ten women (1.7%) in the
blastocyst group and 43 (7.1%) in the cleavage group
either withdrew from the trial or deviated from the
protocol after randomisation (fig 1). Table 1 shows the
baseline characteristics of the two groups. In both study
arms no fresh embryo transfers were cancelled because
of unsuitable embryo development.

Primary outcome

The intention-to-treat cumulative live birth rate did not
differ between the study groups, with live births in 355

1706

(58.9%) of 603 women in the blastocyst group and 350
(58.4%) of 599 in the cleavage group (risk ratio 1.01,
95% CI 0.84 to 1.22), corresponding to an absolute
difference of 0.4 percentage points (95% CI -5.1
to—5.9) (table 2). Four women (0.7%) in the blastocyst
group and 10 (1.7%) in the cleavage group had a live
birth after natural conception within the follow-up
period.

Secondary outcomes

The cumulative pregnancy loss rate was lower in
the blastocyst group compared with cleavage group
(16.3% v 24.2%,; risk ratio 0.68, 95% CI 0.51 to 0.89)
(table 2). The live birth rate after fresh embryo transfer
was higher in the blastocyst group, with live births

Women aged 18-43 receiving their first, second, or third IVF cycle and provided consent before oocyte retrieval

v

Ineligible
447 <4 embryos on day 2
18 Faultin logistics or not randomised

N, 16 Withdrew consent

10 Closure date of study past on date of oocyte retrieval
8 Natural conception
2 Divorce
3 Otherreasons

{
(ED

(i 1202)
Randomised
{ ” )
(ED
Allocated to blastocyst stage group Allocated to cleavage stage group
” ) { " )
(§10) (i 556) ™
Withdrew or deviated from protocol Adhered to protocol Withdrew or deviated from protocol

Adhered to protocol

7 Withdrew consent after
randomisation

2 Logistical problems

1 Technical problem

®
Lost to follow-up
ED
Live births
(i 603

Included in intention-to-treat analysis

Included in per protocol analysis

Fig 1| Trial profile. IVF=in vitro fertilisation; OHSS=ovarian hyperstimulation syndrome

2 Withdrew consent after
randomisation

3 Risk of OHSS on day 3, with
cryopreservation on day 5/6

2 Protocol mistake in IVF laboratory

1 Logistical problems

1 Technical problem

34 Frozen-thawed embryos

transferred on day 5/6

\ )

Lost to follow-up

Live births

|

Included in intention-to-treat analysis

Included in per protocol analysis
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Table 1 | Baseline characteristics of the study population, comprising women with four
or more embryos available during IVF treatment. Values are number (percentage) unless

stated otherwise

Blastocyst stage Cleavage stage

Characteristics group (n=603) group (n=599)
Mean (SD) age (years) 33.9 (4.2) 34.1(4.2)
Mean (SD) BMI 24.2 (4.4) 24.5 (4.5)
Smoker 44 (7.4) 45 (7.6)
Pregnancy history:

Primary subfertility 308 (51.2) 333 (55.6)

Previous live birth 203 (33.7) 182 (30.4)
Reason for IVF or ICSI:

Male factor 259 (43.0) 232 (38.7)

Female factor 112 (18.6) 137 (22.9)

Male and female factor 37 (6.1) 39 (6.5)

Unexplained 175 (29.1) 155 (25.9)

Other 19 (3.2) 36 (6.0)
Duration of infertility (months) 33.6 (22.3) 33.4(22.5)
Type of protocol:

GnRH antagonist 190 (31.8) 175 (29.3)

GnRH agonist 407 (68.2) 422 (70.7)
Fertilisation method:

IVF 279 (46.3) 271 (45.2)

ICSI 316 (52.5) 315 (52.6)

IVF and ICSI 7(1.2) 13 (2.2)
No of oocyte retrievals*:

1 441 (73.6) 432 (72.4)

2 112 (18.7) 118 (19.8)

3 46 (7.7) 47 (7.9)
No of aspirated oocytes 11.45 (4.9) 11.52(5.2)
Mean (SD) No of embryos on day 2 after oocyte retrieval 7.5 (3.2) 7.6 (3.6)
Type of transfer:

Fresh SET 497 (82.4) 494 (82.5)

Fresh DET 54 (9.0) 52 (8.8)

Frozen-thawed SET 633 828

Frozen-thawed DET 13 51

Fresh embryo 52 (8.6) 53 (8.8)
Risk of OHSS 48 (8.0) 46 (7.7)
Illness 0 2(0.3)
Technical problems 1(0.6) 0
Poor embryo development 0 0
Other reasons 3(0.5) 5(0.8)
Method of cryopreservationt:

Slow freeze 2(0.3) 51 (8.5)

Vitrification 511 (84.7) 505 (84.3)

BMI=body mass index; DET=double embryo transfer; GnRH=gonadotrophin releasing hormone;
ICSI=intracytoplasmic sperm injection; IVF=in vitro fertilisation; OHSS=ovarian hyperstimulation syndrome;
SD=standard deviation; SET=single embryo transfer.

*Women could participate in their first, second, or third IVF or ICSI oocyte retrieval cycle, but they could only

participate in one treatment cycle.
tWhen possible.

in 223 (37.0%) of 603 women compared with 177
(29.5%) of 599 in the cleavage group (1.26, 1.00 to
1.58) (table 2).

The mean number of embryo transfers needed to
result in a live birth was lower in the blastocyst group
compared with cleavage group (1.55 (0.99) v 1.82
(1.24), P<0.001; table 3).

The time to conception leading to a live birth at any
given point within the 12 months’ follow-up period
was comparable between the two groups (hazard
ratio 1.06, 95% CI 0.92 to 1.23; P=0.35). The median
time from oocyte retrieval to conception leading to a
live birth was 3.1 months (95% CI 1.9 to 4.2) in the
blastocyst group and 4.7 months (3.6 to 5.8) in the
cleavage group (see supplementary figure 1).
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The incidence of moderate preterm birth (32 to
<37 weeks) in singletons was higher in the blastocyst
group, with an incidence of 8.9% compared with
4.7% in the cleavage group (risk ratio 1.87, 95% CI
1.05 to 3.34). The obstetric and perinatal outcomes of
birth weight, gestational age at delivery, and small or
large for gestational age were similar between the two
groups (table 4).

Detailed obstetric information, particularly on
hypertensive disorders of pregnancy, gestational
diabetes mellitus, and abnormal placentation, was
collected from administered questionnaires. Some
responses were, however, incomplete. Owing to
concerns about data accuracy and completeness, we
did not analyse these data.

Subgroup and per protocol analyses

In a planned and prespecified subgroup analysis
of pregnancy rates by age groups of the women,
no interaction was found between age group and
treatment group (P=0.20). In women aged 36 years and
older (n=431), the cumulative live birth rate was non-
significantly higher in the blastocyst group compared
with cleavage group (52.1% (112 of 215) v 43.1%
(93 of 216); risk ratio 1.21, 95% CI 0.99 to 1.48). In
women aged <36 years (n=771), the cumulative live
birth rate was lower in the blastocyst group (62.6%
(243 of 388) v 67.1% (257 of 383; 0.93, 0.84 to
1.04) but did not reach a significant difference (table
2, also see supplementary figure 2). Supplementary
figure 3 shows the results of a post hoc analysis for
investigation of other age categories (<30 years, >30-
35 years, 36-37 years, and =38 years).

Theresults of the per protocol analysis were generally
consistent with those of the intention-to-treat analysis
(supplementary table 1). In 34 women in the cleavage
group, an embryo was frozen-thawed on day 5 or day
6, which led to four additional live births.

The results of the post hoc subgroup analysis on
stimulation method, fertilisation technique, only
single embryo transfers, embryo development stage,
cryopreservation technique, and laboratory were also
consistent with those of the intention-to-treat analysis
(supplementary table 2). Six live births occurred in 45
women in the blastocyst group, despite the transferred
embryos having not reached the blastocyst stage at day
5 of culture.

Owing to the covid-19 pandemic, an extended
follow-up period was applied to 32 women (13 (2.2%)
women in the blastocyst group and 19 (3.2%) in
the cleavage group. During this extended follow-up
period, three conceptions led to live births: one in the
blastocyst group and two in the cleavage group.

Adverse events
Three adverse events were reported, none of which
were deemed to be related to study procedures.

Discussion
In this randomised controlled trial involving 1202
women undergoing IVF treatment with a good
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Table 2 | Results of the cumulative live birth rates and secondary outcomes in the intention-to-treat population. Values are number (percentage) unless

stated otherwise

Cumulative rates

Blastocyst stage group*

Cleavage stage groupt

Adjusted absolute
differencet (95% Cl)

Risk ratiot (95% Cl)

Live birth§

355/603 (58.9)

350/599 (58.4)

0.4 (-5.1t05.9)

1.01 (0.84 t0 1.22)

Ongoing pregnancyf

362/603 (60.0)

357/599 (59.6)

0.4 (-5.1t05.8)

1.01 (0.84 t0 1.22)

Clinical pregnancy**

378/603 (62.9)

388/599 (64.8)

-2.1(-7.5t03.3)

0.97 (0.81t0 1.16)

Biochemical pregnancytt

430/603 (71.3)

448/599 (74.8)

~3.5 (-8.5 t0 1.4)

0.95 (0.80 to 1.14)

Pregnancy losst#

98/603 (16.3)

145/599 (24.2)

7.9 (-12.4to -3.4)

0.68 (0.51 t0 0.89)

Cumulative rates by age group

Live birth§:

<36.0 years 243/388 (62.6) 257/383 (67.1) -4.5(-11.2t0 2.3) 0.93 (0.84 to 1.04)

>36.0 years 112/215 (52.1) 93/216 (43.1) 9.4 (-0.4 t0 18.4) 1.21(0.99 t0 1.48)
Pregnancy loss##:

<36.0 years 64/388 (16.5) 78/383 (20.4) -3.9(-9.3t0 1.6) 0.81 (0.60 to 1.09)

>36.0 years 34/215 (15.8) 67/216 (31.0) -15.2 (-23.1t0-7.3) 0.51(0.35t00.74

Fresh embryo transfer rates

Live birth§

223/603 (37.0) 177/599 (29.5)

7.4 (2.1t012.7) 1.26 (1.00 to 1.58)

Ongoing pregnancyl

227/603 (37.6) 181/599 (30.2)

7.4 (2.11012.7) 1.26 (1.00 t0 1.58)

Clinical pregnancy**

243/603 (40.3) 199/599 (33.2)

7.0 (1.6 t0 12.5) 1.22 (0.98t0 1.52)

Biochemical pregnancytt

284/603 (47.1) 249/599 (41.6)

5.5(-0.1t0 11.1) 1.14 (0.93 to 1.40)

Pregnancy losst

61/603 (10.1) 72/599 (12.0)

1.9 (-5.4t0 1.6) 0.84 (0.59 to 1.21)

Cl=confidence interval.

Definitions for cumulative pregnancy and pregnancy loss rate were the same with the addition that at least one pregnancy or pregnancy loss occurred during the follow-up period of one year.
Each woman could have multiple pregnancies as a result of a one year follow-up period.

*23 women had at least two pregnancies with at least one pregnancy loss and one live birth.
147 women had at least two pregnancies with at least one pregnancy loss and one live birth.

+Adjusted for age group.

§Delivery resulting in live birth after 24 gestational weeks.

fViable intrauterine pregnancy with fetal heartbeat 10-12 weeks after oocyte retrieval.
**Presence of at least one gestational sac 5-8 weeks after oocyte retrieval.

t1Positive home pregnancy test result 14-17 days after oocyte retrieval.

++Pregnancy loss after a positive pregnancy test result (<21 weeks).

prognosis for live birth, we found no difference in
cumulative live birth rate with embryo transfers at the
blastocyst stage or cleavage stage.

Comparison with other studies
A 2022 Cochrane review of five randomised controlled
trials (632 women) reporting on cumulative live birth

rates in relation to day of embryo transfer in IVF
concluded that the evidence in favour of the blastocyst
stage compared with cleavage stage was uncertain.”
We found no difference in outcomes in women with
four or more embryos available during IVF treatment.
Ourtrialreported on the cumulative rate of pregnancy
loss, which was lower in the blastocyst group. The

Table 3 | Results for embryo transfer procedures, number of unused embryos, number of frozen embryos, utilisation rate in the intention-to-treat
population. Values are mean (standard deviation) unless stated otherwise

Blastocyst stage group (n=603) Cleavage stage group (n=599) Mean difference (95% ClI) Pvalue

Embryo transfer procedures:

Overall 1.99 (1.38) 2.37 (1.64) -0.39 (-0.56 to —0.21) <0.001

Women with live birth 1.55 (0.99) 1.82 (1.24) -0.27 (-0.43 t0 -0.10) <0.001

Women with no live birth 2.60 (1.60) 3.15(1.81) 0.54 (-0.84 to -0.24) <0.001
No of embryos transferred:

Overall 2.09 (1.40) 2.54(1.78) -0.45 (-0.63 t0 -0.27) <0.001

Women with live birth 1.62 (1.00) 1.90 (1.30) -0.28 (-0.45t0-0.11) 0.002

Women with no live birth 2.76 (1.61) 3.45 (1.96) -0.68 (-1.00 to —-0.36) <0.001
Unused embryos after 12 months:

Overall 2.06 (2.43) 2.71(3.12) -0.65 (-0.97 to -0.33) <0.001

Women with live birth 3.12(2.35) 4.10 (3.14) -0.98 (-1.39t0 -0.57) <0.001

Women with no live birth 0.54 (1.62) 0.76 (1.75) -0.21 (-0.51t0 0.09) 0.165

Total No (%) of women 354 (58.7) 384 (64.2) -0.05 (-0.11t0 0.001) 0.05

Women with live birth 312 (51.7) 325 (54.3) -0.05 (-0.09 to -0.006) 0.03
Women with no live birth 42 (7.0) 59 (9.9) -0.07 (-0.14 t0 0.003) 0.06

Mean (SD) total No of frozen embryos 3.21 (2.55) 4.39 (3.30) -1.18 (-1.51 to -0.85) <0.001
Embryo utilisation rate*:

Overall 2535/4590 (55.3) 3226/4543 (71.0) -0.14 (-0.17 t0 -0.12) <0.001

Women with live birth 1689/2881 (58.6) 2109/2793 (75.5) -0.14 (-0.17 t0 -0.11) <0.001

Women with no live birth 846/1709 (49.5) 1117/1750 (63.9) -0.14 (-0.17 t0 -0.12) <0.001

Cl=confidence interval.

*Calculated by dividing number of fresh transferred embryos+number of cryopreserved embryos by number of embryos available on day 2 after oocyte retrieval.
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Table 4 | Obstetric and perinatal outcomes in the intention-to-treat population. Values are number (percentage) unless stated otherwise

Blastocyst stage group (n=603)

Cumulative results

Cleavage stage group (n=599) Absolute difference (95% Cl)

Risk ratio (95% CI)

Induced abortion 2(0.3) 4(0.7) -0.3(-1.1t00.5) 0.49 (0.09 to 2.20)
Stillbirth or intrauterine death 0 1(0.2) NA NA
Neonatal death 0 0 NA NA
Perinatal death 0 0 NA NA
Live births n=355 n=350
Mean (SD) gestational age at delivery (weeks)*  38.3 (2.8) 38.7 (2.7) -0.4 (-15.4t0 14.6) NA
Mean (SD) birth weight (g)* 3359 (596) 3382 (571) -23.2(-11.2t0 65.1) NA
Small for gestational age (<10 centile)* 28 (8.0) 31(9.2) -1.2(-5.4t03.1) 0.87 (0.54 to 1.43)
Large for gestational age (>90 centile)* 28 (8.0) 30 (8.8) -0.9 (-5.0t0 3.3) 0.90 (0.56 to 1.48)
Low birth weight (<2500 g)* 26 (7.5) 21(6.2) 1.2 (-2.5t05.0) 1.20 (0.69 to 2.09)
Very low birthweight (<1500 g)* 3(0.9) 3(0.9) -0.0 (-1.4t01.4) 0.97 (0.20 to 4.76)
Preterm birth (gestation)*:
<32 weeks 3(0.9) 4(1.2) -0.3(-1.8t01.2) 0.73 (0.16 to 3.23)
32-<37 weeks 31(8.9) 16 (4.7) 4.2(0.5t07.9) 1.87 (1.05 to 3.34)
Girls/boys*t 165/181 (47.7) 170/167 (50.4) -2.8(-10.3t0 4.7) 0.94 (0.81t0 1.10)
Caesarean delivery* 84 (24.1) 81 (24.0) 0.1 (-6.31t06.5) 1.00 (0.77 to 1.31)
No of major congenital anomalies 4 (1.1) 4 (1.2) -0.0 (-1.6t0 1.5) 0.97 (0.25 to 3.87)
Twin deliveries
Overall 7 (2.0) 9 (2.6) -0.6 (-2.81t0 1.6) 0.75 (0.29 t0 2.01)
From SET% 1(0.3) 2 (0.6) -0.3(-1.3t00.7) 0.49 (0.04 t0 5.37)
From DET 6 (1.7) 7 (2.0) -0.3(-2.3t01.7) 0.83 (0.28 to 2.46)
From natural conception 0 0 NA NA

Cl=confidence interval; DET=double embryo transfer; NA=not applicable; SD=standard deviation; SET=single embryo transfer.

*Singleton pregnancies.

tData were missing for sex in two liveborn babies in blastocyst stage group.
$One intrauterine death occurred at 21 weeks.

results suggest that extended culture to blastocyst
stage might benefit the selection of embryos with
higher implantation potential and continuation of the
pregnancy through the first trimester. These outcomes
could possibly be linked to the chromosomal ploidy
status of embryos, as the prevalence of aneuploid
(abnormal number of chromosomes) embryos is higher
at the cleavage stage.'® Aneuploid embryos have been
regarded as the main reason for implantation failure,
pregnancy loss, and recurrent miscarriages.'® The risk
of pregnancy loss serves as a secondary outcome, for
which our study was not specifically designed, thus
requiring careful interpretation.

In our study, we observed a higher rate of moderate
preterm birth (32 to <37 weeks) in singleton
pregnancies in the blastocyst group, whereas studies
have not reported an increased risk of preterm birth.%°!
However, our findings align with two recent cohort
studies and two systematic reviews that reported an
increased risk of preterm birth with extended culture
to the blastocyst stage.?">® This could be explained by
the effect of suboptimal conditions of extended in vitro
culture compared with in vivo culture for implantation
and placentation.?” The outcome of preterm birth (<37
weeks’ gestation) was divided into two categories: very
preterm birth (<32 weeks) and moderate preterm birth
(32 to <37 weeks), because of the significantly higher
risks of mortality and morbidity associated with very
preterm birth.?® We found no significant differences
in the risk of very preterm birth. Other suggested
differences in obstetric and perinatal outcomes
reported in the literature, such as a higher male to
female ratio,”® * large for gestational age,** %> *’ and
monozygotic twins after single embryo transfers,?* 28
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did not differ between the groups in our study. However,
the number of live births with complications in our
study was small compared with the numbers in cohort
studies and reviews. Additionally, these obstetric and
perinatal results were secondary outcomes for which
our study was not explicitly designed, necessitating
prudent interpretation. As a policy for embryo transfer
at blastocyst stage is standard in many IVF centres,
future research should focus on differences in obstetric
and perinatal outcomes between blastocyst and
cleavage stages.

A previous smaller randomised controlled trial
suggested that maternal age influences the cumulative
ongoing pregnancy rate with embryo transfer during
the blastocyst stage versus cleavage stage.”’ Our
findings suggest a similar, although non-significant,
effect of age favouring embryo transfer during
the cleavage stage in younger women and during
the blastocyst stage in older women. A possible
explanation might be that among woman of advanced
maternal age with four or more embryos, a blastocyst
stage policy offers a clearer advantage from selection of
viable embryos by extended in vitro culture. Maternal
ageing is known to result in reduced oocyte quality and
embryo competence, as shown by increased oxidative
damage, mitochondrial dysfunction, and number of
age related chromosomal aneuploidies.>® >! Careful
interpretation is necessary, however, as these results
are subgroup findings and require validation in future
trials.

Strengths and limitations of this study
Our trial has some limitations. We only included
women with a minimum of four embryos available on
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day 2 after oocyte retrieval, limiting generalisability
to women with fewer than four embryos. When
designing the study, we were concerned that women
and centres might hesitate to participate in the trial as
the likelihood that none of the embryos would develop
to blastocyst stage increases when fewer embryos are
present. However, it may be justified to invite women
to participate in such a trial now.>?>?

During the design of the study, we expected a
cumulative live birth rate of 31% in the cleavage
group but found a rate of 58% in both groups. This
discrepancy can be explained by the group selection
(good prognosis with at least four embryos) and
improvement of cryopreservation methods. European
data from 1997 to 2019 suggested a higher live
birth rate up to 35% after frozen-thawed embryo
transfer.>* The higher-than-expected cumulative
live birth rates slightly decrease the power of the
results—consequently uncertainties remain around
the risk estimates. With an absolute difference of 0.4
percentage points (95% CI -5.1 to 5.9) in our study,
clinically relevant differences are unlikely but small
differences cannot be ruled out.

To ensure the generalisability of our findings, we
applied broad inclusion criteria and enrolled women
from multiple centres. This study encompassed
various IVF protocols on ovarian stimulation, embryo
culture, endometrial preparation, and embryo
cryopreservation methods, reflecting local protocols
of participating centres. The results of post hoc
analyses were consistent with those of the intention-
to-treat analysis, suggesting findings are broadly
generalisable. Noticeably, the study was not powered
for these specific subgroup analyses, therefore a larger
sample size would be needed to prove our findings
in specific subgroups. Despite this, the variation in
protocols should be considered a strength of our
study as it represents the variations in daily clinical
IVF practice. Furthermore, the difference in outcome
between the 11 IVF laboratories showed no interaction
between laboratories and cumulative live birth rate,
indicating similar performance of the interventions
under different laboratory circumstances.

Our study was designed as a superiority trial. As
a protocol for embryo transfer at blastocyst stage is
often regarded as a selection-deselection tool, it has
been argued that the cumulative live birth rate could
theoretically never be higher than that from using a
cleavage stage transfer protocol, suggesting that a
non-inferiority design should have been considered.
However, the timing of a blastocyst stage transfer
aligns more closely with the so called implantation
window, which suggests the cumulative live birth rate
could potentially be higher.*” A superiority trial allows
for a more straightforward interpretation of whether
the intervention under evaluation offers a meaningful
improvement in clinical practice.

Policy implications
In assisted reproduction, many innovations and
techniques are introduced into routine clinical practice

RESEARCH

with little or no evidence of safety and efficacy.*
Worldwide, IVF laboratories anticipated improving the
efficacy of treatments by prolonging embryo culture to
the blastocyst stage. Our results suggest that women
and healthcare professionals should consider various
other factors alongside live birth rates. The chance of
a live birth should be individually balanced against
outcomes such as pregnancy loss; risk of preterm
birth; emotional and psychological burden, including
the burden of time to pregnancy and implantation
failure; and financial implications. A cost effectiveness
analysis is currently being performed on our data.

Conclusions

This study found that an IVF protocol for transfer of
embryos at the blastocyst stage in women with four
or more embryos results in cumulative live birth rates
comparable to that of embryo transfer at the cleavage
stage.

Blastocyst stage embryo transfer was also associated
with higher efficiency for secondary outcomes: a lower
risk of pregnancy loss, higher live birth rate per fresh
transfer, and reduced number of embryo transfers until
live birth. A blastocyst stage transfer, however, raises
concerns about the safety of preterm birth. Careful
interpretation of the secondary outcomes is necessary,
since these results are subgroup findings for which
the study was not powered. They require validation in
future trials.
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