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Abstract

Background: With improvements in in vitro culture techniques there has been a steady shift in practice to transfer
embryos at the blastocyst stage (post fertilization day (p.f.d.) 5–7), when embryos reach the endometrial cavity
during natural conception. For patients with > 5 zygotes on day 1 of embryo development, fresh blastocyst embryo
transfer (ET) increases live birth rates when compared to cleavage stage (p.f.d. 3) transfer. In poorer prognosis
patients (≤ 5 zygotes) cleavage stage ET is commonly performed to reduce the risk of cycle cancellation if no
embryo survives to the blastocyst stage. However, there is a dearth of randomized controlled trial (RCT) data
demonstrating improved live birth rates per cycle for cleavage vs blastocyst stage ET in this subgroup of patients.
The hypothesis of the PRECiSE (PooR Embryo Yield Cleavage Stage Versus blaStocyst Embryo Transfer) trial is that
blastocyst ET is not inferior to cleavage stage ET with regard to live birth rates per retrieval in poorer prognosis
patients. The adoption of routine blastocyst culture for all patients would result in higher rates of single embryo
transfers (SET), reduced incidence of multiple pregnancies and simplified laboratory protocols, thereby reducing
costs.

Methods/design: Multicenter, non-inferiority randomized controlled trial (RCT) comparing blastocyst to cleavage
stage embryo transfer in poorer prognosis patients with ≤5 zygotes on day 1 after fertilization. The primary
outcome is live birth per retrieval. Secondary outcomes include: time to pregnancy, clinical pregnancy, ongoing
pregnancy, miscarriage and multiple pregnancy rate (per retrieval). This trial will enroll 658 women with ≤5 zygotes
on day 1 at 6 IVF centers over the course of 22 months.

Discussion: If the hypothesis is proven true, the data from this trial may facilitate the adoption of uniform
blastocyst culture in all IVF patients.

Trial registration: ClinicalTrials.gov Identifier: NCT03764865. Registered 5 December 2019, Protocol issue date: 4
December 2018, Original.
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Plain English summary
Embryos created with assisted reproductive technology
(ART, e.g. in vitro fertilization (IVF)) can be transferred
into a woman’s uterus at either the cleavage (p.f.d. 3) or
the blastocyst stage (p.f.d. 5–7). It is thought that em-
bryos that develop into blastocysts in culture are more
likely to be viable inside the uterus and result in a suc-
cessful pregnancy than a cleavage stage embryo. In vitro
culture beyond p.f.d. 3 therefore allows for self-selection
of embryos that successfully reach the blastocyst stage.
This allows the transfer of fewer embryos and decreases
the likelihood of multiples (twins, triplets, etc.). How-
ever, it is possible that culture of embryos to the blasto-
cyst stage in the lab leads to the loss of some embryos
that may have survived inside the uterus. Thus, at many
centers, cleavage-stage transfer is performed in patients
with few available embryos to reduce the incidence of
cycle cancellation if no embryo reaches the blastocyst
stage. On the other hand, transferring a blastocyst on
p.f.d. 5–7 improves uterine/embryonic synchronicity and
may thereby improve outcomes. For poorer prognosis
patients with few embryos, no high-quality studies have
evaluated whether blastocyst transfer increases live birth
rates per retrieval compared to cleavage-stage transfer.
As a result, a clinical dilemma exists for the timing of
embryo transfers in these patients. The purpose of this
study is to assess IVF outcomes among patients with ≤5
embryos on day 1 after fertilization (zygotes) who have a
cleavage-stage transfer compared with those who have a
blastocyst transfer.

Background
Since the first in vitro fertilization (IVF) pregnancy in
1978, IVF has evolved into an effective treatment for
many subfertile couples or women in whom less invasive
treatment methods have failed or are unlikely to be ef-
fective. Embryos created through IVF generally are
transferred into the uterus at either the cleavage stage
(p.f.d. 3 after oocyte retrieval) or blastocyst stage (p.f.d.
5–7 after oocyte retrieval). Early in the history of IVF,
most providers transferred p.f.d 2 or 3 embryos, because
the available culture media and techniques led to low
blastocyst stage development in vitro. However, with im-
provements in in vitro culture methods, there has been a
steady shift in practice to transfer embryos at the blasto-
cyst stage, which mirrors more closely when embryos
reach the endometrial cavity during natural conception.
A recent Cochrane meta-analysis of 27 randomized

controlled trials (RCTs) by Glujovsky et al. found a
higher live birth rate, per transfer, in the fresh blastocyst
transfer group compared to cleavage-stage transfer (odds
ratio (OR) 1.48, 95% confidence interval (CI) 1.20 to
1.82) and no evidence for a difference in the rates of
miscarriage, multiple pregnancies, and high-order

multiples [1]. However, this analysis only included 539
patients and was not powered to identify subgroups of
patients who may benefit from a cleavage-stage transfer.
In addition, because of attrition during culture to the
blastocyst stage in vitro, the live birth rate should be
evaluated per retrieval, rather than per transfer. Based
on individual RCTs, the best evidence for an increased
likelihood of live birth after transfer of fresh blastocysts
compared with cleavage-stage embryos exists in good
prognosis patients (defined by such factors as age, num-
ber of previous failed attempts, ovarian response, and
number and quality of embryos) [1–6]. As a result, there
now is a general consensus that, for good prognosis pa-
tients, it is beneficial to transfer a blastocyst rather than
a cleavage stage embryo. However, in unselected pa-
tients, RCTs have yielded conflicting results, and in
poorer prognosis patients no high-quality studies have
evaluated whether the live birth rate is higher with fresh
blastocyst or cleavage-stage transfer [1, 7]. Thus, at
present, many providers offer a p.f.d 3 transfer to pa-
tients with few available embryos to reduce the inci-
dence of cycle cancellation due to failure of embryo
development to the blastocyst stage. At our center, this
approach is offered to patients with ≤5 zygotes on day 1
after fertilization and as a result 35% of all patients re-
ceive a p.f.d 3 embryo transfer, which is consistent with
national trends.
Although there is evidence that blastocyst transfer in

fresh cycles yields higher live birth rates in good progno-
sis patients, it remains unclear whether the day of trans-
fer affects the live birth rate. Glujovsky et al. did not find
a difference in the live birth rate per retrieval between
cleavage-stage and blastocyst transfer (OR 0.89, 95% CI
0.64 to 1.22) in their meta-analysis [1]. However, there
was significant heterogeneity among the RCTs, with
some showing benefit with blastocyst and others with
cleavage-stage transfer. In addition, almost all of these
studies used the conventional slow freeze technique for
embryo cryopreservation, which provides a lower sur-
vival rate of embryos compared with the new technique
of vitrification. The only RCT that used vitrification re-
ported a benefit of blastocyst transfer for the live birth
rate per retrieval (OR 2.44, 95% CI 1.17 to 5.12) when at
least 4 zygotes were obtained [8]. Thus, new studies
reporting live birth rates per retrieval, as well as other
adverse outcomes, are urgently needed, particularly in
poorer prognosis patients.

Risks and benefits of cleavage stage vs blastocyst stage
embryo transfer
Blastocyst transfer offers several theoretical advantages
over traditional cleavage-stage transfer. Culture of em-
bryos to p.f.d. 5 allows for self-selection of embryos,
meaning those that develop into a blastocyst in vitro are
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more likely to be viable in vivo and result in a viable
pregnancy. Thus, blastocysts have higher implantation
potential compared with cleavage stage embryos and
provide the opportunity to select the most viable em-
bryo(s) for transfer, thus decreasing the number of em-
bryos being transferred and, as a consequence, the
likelihood of multiples (twins, triplets, etc.). In addition,
because human embryos reach the uterine cavity on day
4–5 of development, the endometrium may not provide
the appropriate physiological environment for cleavage
stage embryos, particularly in the setting of ovarian
stimulation and elevated estrogen. Thus, transferring at
the blastocyst stage improves uterine/embryonic syn-
chronicity and may improve outcomes. In addition, the
logistics of orchestrating transfers at different develop-
mental stages imposes a considerable workload on em-
bryology labs, thereby increasing costs that could be
avoided if all embryo transfers occurred at the blastocyst
stage. However, it is possible that the attrition of p.f.d. 3
embryos in vivo is lower than the attrition in vitro and
that blastocyst transfer leads to the loss of embryos that
may have survived in vivo, resulting in reduced preg-
nancy rates per retrieval.
In addition, culture to p.f.d. 5–7 is expected to result

in higher incidence of cycle cancellation and lower rates
of embryo cryopreservation due to failure of embryos to
develop into a blastocyst [9] [10]. Cycle cancellation
rates have been shown to be higher for blastocyst trans-
fers than cleavage-stage transfers (OR 2.50, 95% CI 1.76
to 3.55) [1]. Whilst transfer of cleavage stage embryos
might benefit poorer prognosis patients, it also may be
associated with a range of adverse consequences.
Cleavage-stage transfer may result in an increased inci-
dence of biochemical pregnancies, miscarriages and mul-
tiples as more embryos generally are transferred on p.f.d.
3 compared to the blastocyst stage. Therefore, a clinical
dilemma exists regarding when to transfer embryos in
poorer prognosis patients. Currently, many practices in
the United States transfer embryos from these patients
on p.f.d. 3, in large part due to fear of cycle cancellation
and thus eliminating any possibility of pregnancy. Retro-
spective data from Boston IVF, BIDMC’s affiliated infer-
tility treatment center, demonstrate that the live birth
rate per transfer among poorer prognosis patients is 24%
among those who have a cleavage-stage transfer and
38% among those who have a blastocyst transfer. The
transfer cancellation rate of ~ 5% in those slated for
blastocyst transfer is significantly higher than for p.f.d. 3
transfer (unpublished data). However, the ultimate goal
of assisted reproductive technology (ART) is to achieve a
live birth, not an embryo transfer, and the choice of
cleavage-stage or blastocyst embryo transfer for poorer
prognosis patients generally is based on clinical intuition
and experience as well as patient preference. Further,

patients with unsuccessful p.f.d. 3 transfers will have
used supplemental progesterone for 2 weeks and may
wonder if the uterine lining was at fault rather than the
embryo. This may lead to an unnecessary investigation
of endometrial issues. Other practices choose to grow
embryos to p.f.d. 5–7 and if none are viable for transfer
assume that pregnancy would not have occurred with a
p.f.d. 3 transfer. Conversely, patients who do not have an
embryo transfer may wonder if their embryo might have
done better in their uterus than during culture in vitro.
Our hypothesis for this study is that there is no clinic-

ally significant difference in live birth rates between
cleavage stage and blastocyst stage transfer in poorer
prognosis patients. This hypothesis is based on (1) the
established observation that most embryos failing to pro-
gress to the blastocyst stage will be chromosomally ab-
normal [11, 12] and will not result in a live birth even if
transferred on p.f.d. 3 (2) the idea that beneficial interac-
tions between cleavage stage embryos and the repro-
ductive system are likely to occur in the Fallopian tube
and will not occur after uterine transfer. Thus, the pri-
mary aim of this study is to test the hypothesis that the
live birth rate among poorer prognosis patients who are
randomized to blastocyst stage embryo transfer is not in-
ferior to the live birth rate of patients who are random-
ized to cleavage-stage embryo transfer.

Methods/design
Aim
The primary aim of this trial is to test the hypothesis
that blastocyst embryo transfer in poorer prognosis IVF
patients is non-inferior to cleavage-stage transfer with
regard to the live birth rate per retrieval. This inter-
national, prospective, two-arm non-inferiority RCT will
compare pregnancy outcomes per IVF retrieval among
658 patients with ≤5 zygotes on day 1 of embryo devel-
opment randomized to either cleavage- or blastocyst-
stage fresh embryo transfer. We will conduct this RCT
at Boston IVF, a large infertility treatment center cover-
ing several states in the US and Clinica Eugin, one of the
largest IVF providers in Europe based in Barcelona,
Spain. Figure 1 depicts the flow of study participants.

Study design and setting
Eligible patients will be counseled extensively by the
physician of record, as is usual clinical practice, on the
merits of p.f.d. 3 versus p.f.d. 5 embryo transfer and will
be made aware of the study and given information sheets
describing the study. If the couple is interested in par-
ticipating, a member of the study team will discuss the
study in detail and obtain written, informed consent
prior to the start of the IVF cycle or early on in the
cycle. In particular, the study team will inform the pa-
tient that for ≤5 zygotes available on p.f.d. 1, we estimate
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that the risk of not having an embryo to transfer is ap-
proximately 5% and increases as the number of embryos
diminishes. Patients will also be counseled that embryos

arresting in vitro may have a higher or lower likelihood
of resulting in a live birth if they were transferred on
p.f.d. 3 versus p.f.d. 5.

Fig. 1 Study design flow diagram. First cycle IVF patients meeting inclusion criteria will be consented to participate in the study and undergo an
autologous IVF cycle. Patients who consent to participate in the study may be determined ineligible prior to randomization depending on the
number of available embryos on day 1 post fertilization. After allocation to cleavage-stage or blastocyst-stage fresh embryo transfer patients will
receive standard care and any embryos not transferred will be cryopreserved at the blastocyst stage. If pregnancy is not achieved in the fresh
transfer cycle any remaining frozen embryos will be transferred. All pregnant patients will be followed and pregnancy outcomes recorded. To
investigate pregnancy outcomes per IVF retrieval we will follow participants until all cryopreserved embryos have been transferred or a transfer
results in a live birth, whichever occurs first
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Study participation will not influence any element of
treatment other than the day of embryo transfer. Stimu-
lation protocols, trigger agents (hCG) and fertilization
(IVF or intracytoplasmic sperm injection) will follow
standard clinical practice. Participants may take supple-
ments such as Co-enzyme Q10 and DHEA during
stimulation as recommended by their physician. Partici-
pants will receive vaginal progesterone (Crinone 90 mg
daily) for luteal support starting the day after egg re-
trieval until 8 weeks gestation or until 10 days after fresh
embryo transfer, if the serum pregnancy test is negative.
Selection of embryos will be based on morphology ac-
cording to current embryology laboratory selection pro-
tocols. The number of embryos transferred will be based
on the current American Society of Reproductive Medi-
cine guidelines [13]. Patients will be randomized to p.f.d.
3 or p.f.d. 5 ET on day 1 of embryo development if they
have ≤5 embryos available. Following the embryo trans-
fer, clinical care will follow standard practice. Any un-
used embryos will be cultured to p.f.d. 5–7 and
cryopreserved by vitrification per standard clinical proto-
cols. It is standard practice at our center to cryopreserve
only good-quality blastocysts (inner cell mass and troph-
ectoderm grades of BB or better according to the Gard-
ner grading system on p.f.d. 5 or 6 (rarely p.f.d. 7) [14].
A pregnancy test (serum hCG) will be performed on day
10 following embryo transfer. If negative, any cryopre-
served embryos will be transferred in subsequent frozen
embryo transfer cycles as per standard protocol. To in-
vestigate pregnancy outcomes per IVF retrieval we will
follow participants until all cryopreserved embryos have

been transferred or a transfer results in a live birth,
whichever occurs first. In accordance with standard clin-
ical practice at our center, we will use exogenous estro-
gen and progesterone for endometrial preparation prior
to cryopreserved blastocyst transfer for both treatment
arms. Each patient will receive a course of combined oral
contraceptive pills followed by oral estradiol (6 mg daily),
which is started on day 2 of the withdrawal bleed. We
will administer intra-muscular progesterone with or
without vaginal progesterone for luteal support in thaw
cycles after the endometrial lining reaches a minimal tri-
laminar endometrial thickness of 7 mm (day 1) with em-
bryo transfer in the afternoon of day 6 [15]. No drugs or
new devices will be examined as part of this study. The
study protocol follows the SPIRIT reporting guidelines
[16] and is depicted in Fig. 2.

Outcome measures
The primary study endpoint is live birth per retrieval,
defined as delivery of a live born infant ≥22 weeks of
gestation. The secondary outcomes will include: clinical
pregnancy rate per retrieval, defined by confirmation of
a gestational sac on ultrasound; ongoing pregnancy rate
per retrieval, defined by ultrasound confirmation of a
gestational sac with at least one fetal pole with a fetal
heartbeat; miscarriage rate per retrieval; multiple preg-
nancy rate per retrieval and time from randomization to
pregnancy per retrieval. In addition, we will record the
outcomes for any embryos created but not transferred in
this stimulation cycle, to calculate the live birth rate per
retrieval. All data that are collected for the trial are

Fig. 2 Study protocol. IVF stimulation protocols, trigger agents (hCG) and fertilization (IVF or intracytoplasmic sperm injection) will follow standard
clinical practice. Patients will be randomized to p.f.d. 3 or p.f.d. 5 ET on day 1 of embryo development if they have ≤5 embryos available.
Selection of embryos will be based on morphology and the number of embryos transferred will be based on the current American Society of
Reproductive Medicine (ASRM) guidelines. Following the embryo transfer, clinical care will follow standard practice. Participants will receive
vaginal progesterone for luteal support starting the day after egg retrieval until 8 weeks gestation or until 10 days after fresh embryo transfer, if
the serum pregnancy test is negative. Any unused embryos will be cultured to p.f.d. 5–7 and cryopreserved by vitrification per standard clinical
protocols. A pregnancy test (serum hCG) will be performed on day 10 following embryo transfer. If negative, any cryopreserved embryos will be
transferred in subsequent frozen embryo transfer cycles as per standard protocol. We will administer intra-muscular progesterone with or without
vaginal progesterone for luteal support in thaw cycles after the endometrial lining reaches a minimal trilaminar endometrial thickness of 7 mm (=
day 1) with embryo transfer in the afternoon of day 6
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clinical data that will be stored in the electronic medical
record as part of routine clinical care.

Study population
All women age 18 to 44 years who present for their first
autologous IVF cycle will be potentially eligible to par-
ticipate. Additional eligibility criteria include providing
written, informed consent.
Women will not be eligible to participate base on the

exclusion criteria below

� Planned preimplantation genetic testing
� History of recurrent pregnancy loss (≥2 spontaneous

abortions)
� Treatment plan indicates preference for either p.f.d.

3 or p.f.d. 5 embryo transfer
� Planned gestational carrier
� Body mass index > 40
� Presence of uterine factor infertility

In addition, participants will be withdrawn from the
study after consent and before randomization if they
meet any of the criteria below during the course of their
IVF cycle:

� > 5 or < 1 embryos with 2 pronuclei on day 1 after
egg retrieval

� Endometrial lining < 7 mm measured on the day of
trigger

� Lupron-only trigger
� Elevated progesterone in the fresh cycle (≥1.5 ng/ml)
� Delayed fertilization (> 18 h)
� Rescue intracytoplasmic sperm injection (following

failed regular fertilization)
� The use of non-ejaculated sperm (testicular sperm

extraction)
� Embryo transfer number outside American Society

of Reproductive Medicine (ASRM) guidelines
� Cycle is converted to a cycle in which all embryos

are frozen

Randomization
Embryos will be assessed on day 1 following egg
retrieval, in accordance with usual clinical practice. If
patients have 1 to ≤5 embryos with 2 pronuclei available,
they will be randomized to receive a cleavage- or blasto-
cyst -stage embryo transfer. We will use computer-
generated block randomization to randomize partici-
pants in a 1:1 ratio to the day 3 or day 5 treatment arm.
Randomization will be stratified based on treatment cen-
ter, age (< 38 and ≥ 38 years) and by embryo number
(1–2 and 3–5 embryos on day 1 after egg retrieval).
Randomization will be performed electronically using a se-
cure web application (REDCap). Allocation concealment

will be ensured, as randomization will not occur until the
patient becomes eligible to participate in the trial, which
takes place after consent to participate. In addition,
randomization will be performed by embryology lab
personnel and not recruiting study physicians. As per
standard clinical practice, a clinician (who also is a mem-
ber of the study team) will call participants to inform them
of the number of fertilized embryos and, at this point, will
also inform them of the day of transfer to which they have
been randomized. At this point, participants will have an
opportunity to not continue with the day of transfer to
which they were randomized. We anticipate that most of
the crossovers will occur due to participants in the p.f.d. 5
group with only 1–2 embryos wishing to have an embryo
transfer on p.f.d. 3. Participants who choose to not con-
tinue with their assigned day of transfer will be asked to
continue their participation so that we can collect cycle
outcome data for the intention-to-treat analysis. Due to
the nature of the intervention neither participants nor staff
can be blinded to allocation, but are strongly inculcated
not to disclose the allocation status of the participant at
the follow up assessments. An employee at Boston IVF
outside the research team will feed data into the computer
in separate datasheets so that the researchers can analyze
data without having access to information about the allo-
cation. Trial conduct and protocol adherence will be
audited every 6months by the clinical director of each in-
dividual study site.

Rationale for the non-inferiority hypothesis and for
sample size estimation
Given the potential benefits of blastocyst-only transfers
and the fact that cleavage-stage embryo transfer for pa-
tients with few viable embryos is currently routine prac-
tice at many IVF centers, empirical evidence is needed
to determine the value of blastocyst transfer compared
to cleavage-stage transfer in poorer prognosis patients.
Most human embryos not resulting in a pregnancy fail
due to inherent chromosomal abnormalities that cannot
be rescued by the environment the embryo encounters.
In addition, plausible arguments exist for better develop-
mental outcomes for both p.f.d. 3 transfer and p.f.d. 5
transfer. Earlier exposure of embryos to an in vivo envir-
onment may maximize developmental outcomes of
cleavage-stage embryos. On the other hand, the im-
proved temporal-spatial synchrony between the embryo
and uterine cavity supports blastocyst transfers. Thus,
this question lends itself to a non-inferiority design.
Our choice of a non-inferiority margin, i.e. the largest

clinical difference in the live birth rate per retrieval that
is acceptable between cleavage- and blastocyst-stage em-
bryo transfer, is based on a combination of clinical judg-
ment and statistical reasoning. Given that there are no
data from previous trials to help define the clinical
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difference between cleavage-stage and blastocyst trans-
fers in poorer prognosis patients, we have relied on our
own and outside experts’ clinical judgment to determine
that a non-inferiority margin of 10% is clinically accept-
able. We used data from Boston IVF to estimate the live
birth rate per transfer for cleavage-stage embryos.
Among women with ≤5 zygotes on day 1, approximately
24% achieved a live birth after a day 3 transfer. Given
that many of these cycles will not result in cryopreserva-
tion of embryos and subsequent frozen embryo transfer,
it is reasonable to assume a live birth rate per cycle of
approximately 25% for p.f.d. 3 transfers. Assuming a 25%
live birth rate in both groups, a non-inferiority margin of
10%, a one-sided significance level of 0.025, and 80%
power, a sample size of 296 per group is required. To
allow for up to 10% of patients to withdraw from the
study after randomization or be lost to follow-up, we
aim to enroll 329 participants per group, yielding a total
sample size of 658 participants. We estimate that there
were 710 eligible patients in 2018 across all sites. As-
suming 50% of eligible patients will consent to study
participation, we anticipate an enrollment period of 22
months. Given that patients store their frozen embryos
at our facilities we expect minimal loss to follow-up.

Data collection and statistical analysis
For all women who consent to participate, the following
data will be collected (i) the number and quality of
transferred cleavage and blastocyst stage embryos ac-
cording to the Gardner grading criteria [17] (ii) preg-
nancy test result 2 weeks after egg retrieval or 9 days
after frozen embryo transfer, (iii) if pregnancy test is
positive, we will perform an obstetric transvaginal ultra-
sound at 7–8 weeks gestational age to confirm ongoing
pregnancy and multiplicity, (iv) pregnancy outcome
(miscarriage, fetal demise, live birth). These data will be
entered electronically into patients’ medical records as
part of routine clinical care and collected by the study
team for analysis. A password system will be utilized to
control access to the study data. A complete backup of
the primary database will be performed twice a month.
All data reports will be prepared such that no individual
participant can be identified.
Both intention-to-treat and per-protocol analyses are

noted in the RCT reporting guidelines (CONSORT) as
valid approaches. For this study, we will perform an
intention-to-treat analysis because it is the gold standard
for RCTs, even with crossover, withdraw and loss to
follow-up. We also will perform a per-protocol analysis
as it is a valid statistical approach and will serve as a sen-
sitivity analysis. Descriptive data will be presented as
proportion, mean with standard deviation or median
with interquartile range. Comparisons will be made
using Chi-square or Fisher’s exact tests for categorical

variables and parametric or non-parametric tests for con-
tinuous variables based on data distribution. We will use
log-binomial regression to estimate risk ratios (RR) and
95% confidence intervals for the primary and secondary
outcomes. While we anticipate that randomization will
balance the distribution of measured and unmeasured po-
tential confounders in the two study arms, if this is not
the case, we will assess the influence of potential con-
founders as needed. In addition, we will perform pre-
specified subgroup analysis among participants with ≤2
versus 3–5 zygotes on p.f.d 1, as well as participants with
poor versus good quality embryos undergoing single em-
bryo transfer. We will base analyses of the heterogen-
eity of treatment effects for these subgroups on a
statistical test for interaction [18, 19]. This interaction
test examines the extent to which any observed differ-
ence across subgroups may be attributed to chance
variation. All data will be analyzed with SAS 9.4 (SAS
Institute Inc., Cary, NC, USA).
The primary outcome of the trial is the live birth rate

(≥ 22 weeks of gestation) per retrieval among poorer
prognosis participants who have a cleavage stage embryo
transfer compared with a blastocyst transfer in an
intent-to-treat analysis. The intention-to-treat popula-
tion will include all randomized participants, including
those who cross over to the other treatment group (i.e.
participants who are randomized to the blastocyst trans-
fer group but in fact receive a cleavage-stage embryo
transfer or participants in the cleavage-stage group who
request a blastocyst transfer). Assuming a 25% live birth
rate for cleavage stage transfer, a 10% absolute difference
in live birth rate between blastocyst and cleavage-stage
embryo transfer corresponds to a RR of 0.6 (RR = 0.15/
0.25) (Fig. 3). The primary analyses will therefore be
interpreted as follows: If the lower bound of the 95%
confidence interval (CI) for the difference in live birth
rates per retrieval lies to the right of the 10% non-
inferiority margin (RR = 0.6), we will have proven non-
inferiority of blastocyst transfers at the level of signifi-
cance α = 0.025; superiority will be demonstrated if the
lower bound of the two-sided 95% CI lies fully to the
right of 1.0. If the whole 95% CI lies below the non-
inferiority margin (RR = 0.6) for the outcome difference
the treatment group will be declared “inferior.” If the
95% CI includes the RR = 0.6 noninferiority margin the
study results will be deemed inconclusive (Fig. 3) [20].

Interim data analysis
A Data Safety and Monitoring Board (DSMB) with no
direct involvement in the trial will be appointed. The
DSMB is independent of the study organizers at Boston
IVF and Clinica Eugin and is chaired by Dr. Michele
Hacker (Beth Israel Deaconess Medical Center). During
the period of recruitment to the study, interim analyses
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will be supplied, in strict confidence, to the DSMB, to-
gether with any other analyses that the committee may
request. The role of the DSMB will be to deal with any
ethical issues that may arise while the trial is in progress
and to review the interim analysis. An interim analysis
of clinical pregnancy rates will be conducted and
reviewed by the DSMB after 50% of the study partici-
pants have been randomized.

Stopping the trial
The DSMB will be asked to give advice regarding stop-
ping the trial if they have evidence of a meaningful ad-
vantage or disadvantage for one of the treatment groups
and they consider that the results are likely to affect clin-
ical practice. The following guidelines are proposed for
the DSMB to recommend stopping the trial or tempor-
arily suspending recruitment if any of the following are
observed at the time of the interim analysis: (1) the dif-
ference in clinical pregnancy rate exceeds 20% in one
fresh transfer group compared with the other; a differ-
ence between the two groups will be considered signifi-
cant if the p value for the difference is less than 0.001
(2) there are notably more adverse events, such as mis-
carriage or multiple pregnancy, in one ET group com-
pared with the other (3) recruitment is not proceeding
at rates that will allow the study to reach its target sam-
ple size in a reasonable timeframe. It should be noted
that if there appears to be an unexpectedly high number

of cancelled fresh embryo transfers in the day 5 transfer
group, any one of the study institutional review boards
may also temporarily or permanently halt the study at
any time. If the study is stopped temporarily or perman-
ently for any reason, follow-up of participants already
enrolled will continue as originally scheduled and all
participants already enrolled will receive continued care,
appropriate to their clinical condition and circum-
stances, in line with each site’s standard practice.

Duration of project
It is anticipated that the trial recruitment and all follow-
up can be completed in approximately 31 months. Re-
cruitment will begin in January 2020 after trial proce-
dures have been tested, study staff trained and materials
distributed to all study sites within the Boston IVF and
Clinica Eugin networks.

Discussion
The PRECiSE trial aims to determine whether transfer
of cleavage stage embryos in patients with ≤5 available
embryos results in similar pregnancy outcomes com-
pared to the culture of all embryos to p.f.d. 5 in vitro
followed by blastocyst transfer. In addition, we will
evaluate potential negative consequences of cleavage
stage embryo transfer (miscarriage and multiple preg-
nancy) and blastocyst transfer (cycle cancellation). The
need for this RCT is clear, because previous trials have

Fig. 3 Possible outcomes of the PRECiSE non-inferiority RCT. The non-inferiority margin is set to a 10% absolute difference in live birth rate, which
corresponds to a risk ratio (RR) of 0.6 for p.f.d 5 versus p.f.d.3 embryo transfer. a the lower bound of the confidence interval (CI) lies above the
non-inferiority margin of 0.6: p.f.d. 5 is non-inferior to p.f.d. 3 embryo transfer (b) the lower bound of the CI lies above the non-inferiority margin
and the CI includes the null value (RR = 1.0): p.f.d. 5 is non-inferior and equivalent to p.f.d. 3 embryo transfer (c) and (d) the CI includes the non-
inferiority margin of 0.6: inconclusive (e) the upper bound of the CI lies below the non-inferiority margin of 0.6: p.f.d. 5 is inferior to p.f.d. 3
embryo transfer (f) the lower bound of the CI lies above the null value (RR = 1.0): p.f.d. 5 is superior to p.f.d. 3 embryo transfer
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not assessed pregnancy outcomes in poorer prognosis
patients and cleavage stage embryo transfer is routinely
performed in this subgroup at many IVF centers. The
PRECiSE trial differs from previous trials in that it will
report rates of live birth per retrieval together with the
incidence of adverse events such as miscarriage and
multiple pregnancies.
This pragmatic trial replaces a clinical decision based

on empiric physician preference and experience and as a
result does not interfere with the logistics of routine IVF
care. However, the main challenge for this trial is the
relatively low number of patients with ≤5 zygotes on day
1 after fertilization. This is overcome by the large num-
bers of IVF cycles per year at the participating IVF cen-
ters and the inclusion of national and international
satellite offices within our network. While patient popu-
lations across study sites may vary, stimulation proto-
cols, embryo culture protocols and pregnancy rates are
comparable, making the findings generalizable. Another
challenge of this study is the possible higher dropout
rate for patients with only 1–2 embryos on p.f.d. 1. This
is mainly driven by the concern for ‘having nothing to
transfer’. This will be partially mitigated by detailed
counseling of patients in this group about the absence of
evidence for benefit either way.
If the interim analysis indicates a difference in preg-

nancy rates per retrieval above the 10% inferiority mar-
gin we will change the design of the study to a
superiority RCT. If no clinically significant differences in
pregnancy rates and secondary outcomes are identified,
this trial will have important implications for the clinical
practice of IVF and may facilitate the adoption of rou-
tine blastocyst culture for all patients. This could result
in simplified laboratory protocols and reduced costs, as
well as higher rates of single embryo transfers and
potentially a reduced incidence of multiples and
miscarriage.

Abbreviations
ART: Assisted reproductive technology; ASRM: American Society of
Reproductive Medicine; CI: Confidence interval; DSMB: Data Safety and
Monitoring Board; FET: Frozen embryo transfer; ITT: Intent-to-treat; IVF: In
vitro fertilization; p.f.d.: Post fertilization day; RCT: Randomized controlled trial

Acknowledgements
Not applicable.

Intra-study data sharing
The principal investigator will oversee the intra-study data sharing process.
All investigators at individual study sites will be given access to the cleaned
data sets. Data sets will be housed on the file transfer protocol site created
for the study, and all data sets will be password protected. Investigators will
have direct access to their own site’s data sets and will have access to other
sites data by request. To ensure confidentiality, any data dispersed to investi-
gators will be blinded of any identifying participant information.

Trial sponsor
Boston IVF, 130 2nd Ave, Waltham, MA 02451, (781) 434–6500.

The sponsor had no role in the design of this study and will not have any
role during its execution, analyses, interpretation of the data, or decision to
submit results.

Dissemination policy
The scientific integrity of the project requires that the data from all study
sites be analyzed study-wide and reported as such. Individual centers will
not report the data collected from its center alone and data that break the
blind will not be presented prior to the release of mainline results. Recom-
mendations as to the timing of presentation of such endpoint data and the
meetings at which they might be presented will be given by the principal in-
vestigator. Every attempt will be made to reduce the interval between the
completion of data collection and the release of the study results to an abso-
lute minimum. We expect to take about 3 to 4 months to compile the final
results paper for an appropriate journal. The study results will be released to
the participating physicians, referring physicians, patients and the general
medical community. For manuscripts submitted for publication we will fol-
low the authorship criteria established by the International Committee of
Medical Journal Editors [21].

Data sharing statement
No later than 3 years after the collection of cycle outcome data, we will
deliver a completely deidentified data set to an appropriate data archive for
sharing purposes.

Authors’ contributions
WMN and DV initially conceived the project. WMN and DV designed the
study and drafted the study protocol. DS, TT and AP contributed to the
design of the study and provided critical review and input to the study
protocol. MH performed the statistical analysis for the study. All authors
provided a critical review and final approval of the manuscript.

Funding
This work was conducted with support from Harvard Catalyst | The Harvard
Clinical and Translational Science Center (National Center for Advancing
Translational Sciences, National Institutes of Health Award UL 1TR002541)
and financial contributions from Harvard University and its affiliated
academic healthcare centers.

Availability of data and materials
Final study datasets will be stored locally and securely at Beth Israel
Deaconess Medical Center for long-term storage and access. Anonymized
participant-level data will be made available by request on a case-by-case
basis.

Ethics approval and consent to participate
This trial protocol has been approved by the Institutional Review Board (IRB)
of Beth Israel Deaconess Medical Center (Protocol 2018P000530). The
approval for the trial protocol at Clinica Eugin in Spain is pending. All
participants in the trial will provide written informed consent. Subsequent to
initial review and approval, the responsible IRBs will review the protocol at
least annually. The principal investigator will make safety and progress
reports to the IRBs at least annually and within 3 months of study
termination or completion at individual study sites. These reports will include
the total number of participants enrolled, adverse events and summaries of
each DSMB review of safety and/or efficacy.
We will seek formal amendment to the protocol for any modifications which
may impact on the conduct of the study, potential benefit of the patient or
may affect patient safety, including changes of study objectives, study
design, patient population, sample sizes, study procedures, or significant
administrative aspects. Such amendments will be approved by the IRB prior
to implementation. At the discretion of the principal investigator the IRB
may be notified of minor administrative changes to the protocol and/or
clarifications that have no effect on the way the study is to be conducted.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Neuhausser et al. Reproductive Health           (2020) 17:16 Page 9 of 10



Author details
1Department of Obstetrics and Gynecology, Beth Israel Deaconess Medical
Center, Boston, MA, USA. 2Department of Obstetrics, Gynecology and
Reproductive Biology, Harvard Medical School, Boston, MA, USA. 3Boston IVF,
Waltham, MA, USA. 4Department of Stem Cell and Regenerative Biology,
Harvard University, Cambridge, USA. 5Broad Institute of MIT and Harvard,
Cambridge, USA.

Received: 25 November 2019 Accepted: 19 January 2020

References
1. Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo CR, Blake D.

Cleavage stage versus blastocyst stage embryo transfer in assisted
reproductive technology. Cochrane Database Syst Rev. 2016;6:CD002118.

2. Elgindy EA, Abou-Setta AM, Mostafa MI. Blastocyst-stage versus cleavage-
stage embryo transfer in women with high oestradiol concentrations:
randomized controlled trial. Reprod BioMed Online. 2011;23(6):789–98.

3. Frattarelli JL, Leondires MP, McKeeby JL, Miller BT, Segars JH. Blastocyst
transfer decreases multiple pregnancy rates in in vitro fertilization cycles: a
randomized controlled trial. Fertil Steril. 2003;79(1):228–30.

4. Gardner DK, Schoolcraft WB, Wagley L, Schlenker T, Stevens J, Hesla J. A
prospective randomized trial of blastocyst culture and transfer in in-vitro
fertilization. Hum Reprod. 1998;13(12):3434–40.

5. Papanikolaou EG, Camus M, Kolibianakis EM, Van Landuyt L, Van
Steirteghem A, Devroey P. In vitro fertilization with single blastocyst-stage
versus single cleavage-stage embryos. N Engl J Med. 2006;354(11):1139–46.

6. Papanikolaou EG, D'Haeseleer E, Verheyen G, Van de Velde H, Camus M, Van
Steirteghem A, et al. Live birth rate is significantly higher after blastocyst
transfer than after cleavage-stage embryo transfer when at least four
embryos are available on day 3 of embryo culture. A randomized
prospective study. Hum Reprod. 2005;20(11):3198–203.

7. Technology TPCotASfRMatSfAR. Blastocyst culture and transfer in clinical-
assisted reproduction: a committee opinion. Fertil Steril. 2013;99:667–72.

8. Fernandez-Shaw S, Cercas R, Brana C, Villas C, Pons I. Ongoing and
cumulative pregnancy rate after cleavage-stage versus blastocyst-stage
embryo transfer using vitrification for cryopreservation: impact of age on
the results. J Assist Reprod Genet. 2015;32(2):177–84.

9. Marek D, Langley M, Gardner DK, Confer N, Doody KM, Doody KJ.
Introduction of blastocyst culture and transfer for all patients in an in vitro
fertilization program. Fertil Steril. 1999;72(6):1035–40.

10. Tsirigotis M. Blastocyst stage transfer: pitfalls and benefits. Too soon to
abandon current practice? Hum Reprod. 1998;13(12):3285–9.

11. Hardy K, Hardy PJ. 1(st) trimester miscarriage: four decades of study. Transl
Pediatr. 2015;4(2):189–200.

12. Qi ST, Liang LF, Xian YX, Liu JQ, Wang W. Arrested human embryos are
more likely to have abnormal chromosomes than developing embryos from
women of advanced maternal age. J Ovarian Res. 2014;7:65.

13. Practice Committee of the American Society for Reproductive Medicine.
Electronic address Aao, Practice Committee of the Society for Assisted
Reproductive T. Guidance on the limits to the number of embryos to
transfer: a committee opinion. Fertil Steril. 2017;107(4):901–3.

14. Gardner DKSW. In: MD JR, editor. In vitro culture of human blastocysts.
London: Parthenon Publishing Group; 1999.

15. Devine K, Richter KS, Widra EA, McKeeby JL. Vitrified blastocyst transfer
cycles with the use of only vaginal progesterone replacement with
Endometrin have inferior ongoing pregnancy rates: results from the
planned interim analysis of a three-arm randomized controlled
noninferiority trial. Fertil Steril. 2018;109(2):266–75.

16. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krle AJK, et al.
SPIRIT 2013 statement: defining standard protocol items for clinical trials.
Rev Panam Salud Publica. 2015;38(6):506–14.

17. Gardner DK, Schoolcraft WB. In Vitro Culture of Human Blastocyst. In: Jansen
R and Mortimer D, Eds., Towards Reproductive Certainty: Infertility and
Genetics Beyond 1999, The Plenary Proceedings of the 11th World
Congress, Parthenon Press, Carnforth, 377–388, 1999.

18. Gail M, Simon R. Testing for qualitative interactions between treatment
effects and patient subsets. Biometrics. 1985;41(2):361–72.

19. Simon R. Patient subsets and variation in therapeutic efficacy. Br J Clin
Pharmacol. 1982;14(4):473–82.

20. Piaggio G, Elbourne DR, Pocock SJ, Evans SJ, Altman DG, Group C.
Reporting of noninferiority and equivalence randomized trials: extension of
the CONSORT 2010 statement. JAMA. 2012;308(24):2594–604.

21. Uniform requirements for manuscripts submitted to biomedical journals.
Writing and editing for biomedical publication. J Pharmacol Pharmacother.
2010;1(1):42–58.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Neuhausser et al. Reproductive Health           (2020) 17:16 Page 10 of 10


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Plain English summary
	Background
	Risks and benefits of cleavage stage vs blastocyst stage embryo transfer

	Methods/design
	Aim
	Study design and setting
	Outcome measures
	Study population
	Randomization
	Rationale for the non-inferiority hypothesis and for sample size estimation
	Data collection and statistical analysis
	Interim data analysis
	Stopping the trial
	Duration of project

	Discussion
	Abbreviations
	Acknowledgements
	Intra-study data sharing
	Trial sponsor
	Dissemination policy
	Data sharing statement
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

