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Abstract

Purpose Studies have demonstrated high implantation rates
after trophectoderm biopsy of day 5 expanded blastocysts.
However, biopsy of cleavage stage embryos may adversely
affect embryo development and implantation. No studies have
assessed the utility of day 5 morulae and early blastocyst bi-
opsy. This study sought to better understand these slower em-
bryos’ aneuploidy rates and implantation potential.

Methods This was a retrospective review of all autologous
IVF cycles utilizing PGS at a single academic infertility
center.

Results The biopsy of day 5 morulae and early blastocysts
provided 22 % additional euploid blastocysts available for
fresh day 6 transfer compared to day 5 biopsy of only expand-
ed blastocysts. Aneuploidy did correlate with embryo stage on
day 5, even after controlling for maternal age, with 16 % of
morulae and 35 % of blastocysts being euploid. The majority
(83 %) of euploid morulae progressed to the blastocyst stage
by day 6. Experience transferring slower developing embryos
is limited, but preliminary pregnancy and implantation rates
appear similar to euploid embryos biopsied as expanded
blastocysts.

Conclusions The biopsy of all non-arrested embryos on day 5
provides genetic information for all blastocysts on day 6, in-
creasing the pool of euploid blastocysts available for fresh
transfer and avoiding the need to cryopreserve developmen-
tally competent embryos without genetic information.

Capsule Biopsy of day 5 morulae and early blastocysts may increase the
pool of euploid blastocysts available for a fresh day 6 transfer and avoid
unnecessary cryopreservation of aneuploid embryos.
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Introduction

Patients undergoing in vitro fertilization (IVF) have used
pre-implantation genetic screening (PGS) to select euploid
embryos for transfer, avoiding the transfer of aneuploid
embryos which can be expected to fail to implant, implant
and miscarry, or become a genetically abnormal pregnancy.
While initial studies evaluating PGS using fluorescence in
situ hybridization (FISH) with a day 3 biopsy failed to
demonstrate a benefit of PGS on live birth rates [1, 2],
recent trials using better aneuploidy screening methods
and biopsy of later stage embryos have demonstrated an
increase in implantation and live birth rates attributed to
PGS [3, 4].

There are two commonly used approaches to utilizing
PGS with a day 5 embryo biopsy: The first involves cryo-
preserving all embryos after biopsy, and transferring
thawed embryos that were identified by PGS as euploid
in subsequent thawed transfer cycles. Another approach
aims for a fresh day 6 transfer. This also requires a
trophectoderm biopsy on day 5 in order to have genetic
information available for a fresh transfer the following
day. While some groups have found a freeze all strategy
to improve pregnancy and live birth rates [5], other cen-
ters have not yet observed any difference between fresh
and frozen transfer outcomes [6], and fresh transfers do
spare patients the financial costs and time incurred with
waiting for a thawed transfer cycle.

Both strategies engage the question of what to do with
embryos that have not yet reached the expanded blastocyst
stage by the time of a day 5 biopsy. Many centers do not
biopsy day 5 morulae or early blastocysts, limiting day 5 bi-
opsy to only expanded or expanding blastocysts, and choosing
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to rather wait until day 6 to determine if subsequent develop-
ment warrants day 6 biopsy and immediate cryopreservation
of embryos that have not reached the expanded blastocyst
stage on day 5 [7]. However, these slower but non-arrested
embryos are frequently found to have progressed to blastocyst
stage by the time of a day 6 transfer, and the inability to
perform a day 5 biopsy on these embryos precludes the avail-
ability of genetic information by the time of a fresh day 6
transfer. Consequently these embryos are unavailable for fresh
transfer and are frozen, potentially limiting the pool of euploid
blastocysts available for transfer and unnecessarily subjecting
both euploid and aneuploid blastocysts to freezing.

Biopsy of all non-arrested embryos on day 5 would provide
timely genetic information on all embryos which are blasto-
cysts at the time of a fresh day 6 transfer; however, the poten-
tial for day 5 morulae and early blastocysts to become a suc-
cessful euploid pregnancy is unclear. Kroener et al. demon-
strated that after a day 3 biopsy, day 5 morulae have a signif-
icantly higher overall aneuploidy rate than day 5 blastocysts
[8]. However, the subset of day 5 morulae that became blas-
tocysts on day 6—the most clinically important embryos—did
not have any difference in aneuploidy rates compared to day 5
blastocysts, suggesting that the biopsy of day 5 morulae may
be just as worthwhile as the biopsy of day 5 blastocysts when
aiming for a fresh day 6 transfer. There have been inconsistent
results regarding the implantation potential of day 5 non-
blastocysts compared to day 5 blastocysts. While Shapiro
et al. did demonstrate a higher implantation rate for embryos
that are blastocysts by day 5 [9], these results were not con-
sistent with other studies [10] and may have been confounded
by the number of embryos transferred. Whether there are det-
rimental effects from biopsying morulae and early blastocysts
on day 5 is also unknown. A recent randomized trial demon-
strated a significant reduction in the implantation potential
attributed to the biopsy of cleavage stage embryos on day 3
[3, 4], however no studies have evaluated the effects of
biopsying morulae or early blastocysts on day 5.

This study’s objective was to assess the association with
embryo stage at the time of day 5 biopsy with aneuploidy and
subsequent development as well as provide additional infor-
mation regarding the biopsy of day 5 morulae and early blas-
tocysts when aiming for a fresh day 6 transfer with PGS.

Materials and methods

This was a retrospective review of all autologous IVF cycles
with a day 5 PGS biopsy at a single academic infertility center
between 2010 and 2014. Approval was obtained from the
Stanford University Institutional Review Board (IRB-
27769). Embryos were included if they were part of an autol-
ogous IVF cycle and had a biopsy for PGS on day 5 after
fertilization. Only embryos from patients aged 30 to 45 were
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included. Only embryos with 24 chromosome analysis, and
day 5 and day 6 development results available were included.
Any cycles using previously cryopreserved oocytes were ex-
cluded. Embryos that were biopsied at cleavage stage were
excluded.

Day 5 embryo stage was assessed once in the morning of
the fifth day after fertilization (~115-120 h after fertilization).
Embryos with any evidence of cavitation were considered
blastocysts. Embryos with evidence of compaction but no cav-
itation on day 5 were considered morulae. All blastocysts were
assessed using the Gardner grading scale, and blastocysts with
a score of <2 were considered “early blastocysts”, while blas-
tocysts with a score >2 were considered expanded blastocysts.

All embryos included were cultured according to our stan-
dard clinical practice: All embryos were group cultured until
biopsy in SAGE sequential media under low oxygen condi-
tions. All embryos underwent laser assisted hatching on day 3,
and underwent biopsy 5 days (115-120 h) after fertilization.
Day 5 morulae were placed in calcium magnesium free media
until cell decompaction prior to biopsy and day 5 early blas-
tocysts were placed directly in modified HDF media for biop-
sy. Biopsy was performed with laser assistance, and only pe-
ripheral cells were removed. Three to 5 cells were removed
from day 5 early blastocysts, while only a single cell was
removed from day 5 morulae.

Twenty-four chromosome screening was performed with
either aCGH or SNP array by three PGS labs (IVIGEN/
Blastogen, Reprogenetics, or Natera). Grading was performed
by 1 of 5 embryologists. Charts were reviewed for embryo
grade on day 5 and day 6, PGS results, and embryo fate
(transfer, cryopreservation or discard). Subsequent transfer
and pregnancy outcomes were recorded.

An additional retrospective chart review of all IVF cycles
from January to December 2014 was used to identify a control
group of day 5 non-blastocysts that were not biopsied on day
5, and had day 5 and day 6 embryo development or Gardner
grade available. This cohort was used to conduct a preliminary
assessment of the effect of morulae biopsy on subsequent
embryo development.

Data was maintained on excel spreadsheets and the
Stanford RedCap secure database, and initial statistical analy-
sis was carried out using chi-square analysis, Fisher exact test,
and ANOVA. A multivariable logistic regression was per-
formed on SPSS software to create an odds ratio for the de-
pendent variable of “euploid” based on the independent var-
iables of maternal age at oocyte retrieval and whether or not
the embryo was a blastocyst or morulae on day 5.

Results

There were 819 embryos, resulting from 142 IVF cycles and
113 different patients that were biopsied on day 5 during the
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Table 1  Study population

Table 3  Euploid rates stratified by maternal age

Study population

Number of Day 5 embryos included 819
Blastocysts 664 (81.1 %)
Morulae 155 (18.9 %)

Number of cycles 142

Number of patients 113

Patient Age (yrs) 38

AMH* 2.8

Oocytes per patient 153

Cycles with ICSI (%) 62 %

Overall aneuploidy rate 68 %

*Only including cycles with AMH available

study period and included in the study (Table 1). Eighty-one
percent of the embryos were blastocysts at the time of day 5
biopsy and 19 % were day 5 morulae. Of the blastocysts
biopsied on day 5, 24 % were early blastocysts. The mean
patient age (37.5 vs. 37.7, p=NS) and mean baseline AMH
values (2.79 vs. 2.86, p=NS) were similar between patients
who had day 5 morulae and day 5 blastocysts biopsied.
Among the entire embryo population, Day 5 morulae had a
significantly higher aneuploidy rate and no call rate (No call
results are given when there is not sufficient genetic material to
confidently make any conclusions regarding embryo ploidy)
compared to embryos that were blastocysts on day 5 (Aneu-
ploidy rate 84.5 vs. 64.6 %, p<0.05; No call rate 5.9 vs. 2.6 %,
2<0.05). Using a multivariable logistic regression model to
control for any confounding effects of maternal age, day 5
morulae still had a significantly lower likelihood of being eu-
ploid (OR 0.35 95 % CI(0.22, 0.55) than day 5 blastocysts
(Table 2). This trend continued after stratifying patients by
maternal age, reaching significance for all patients except those
younger than 35 (Table 3). The age-related decline in euploid
rates with increasing maternal age was steeper among day 5
morulae than day 5 blastocysts. Limiting analysis only to the

Table 2 Multi-variable logistic regression model: Odds ratio of a
euploid embryo based on maternal age and Day 5 embryo Development

Euploid (%)

Maternal age Day 5 morulae D5 blastocyst p-value
30 to 35 39 % 49 % NS
>35 to 40 11 % 37 % <0.05
>40 to 45 5% 18 % <0.05

day 5 morulae that progressed on day 6, the no call rate was
4.4 % and not significantly different than the no call rate
among day 5 blastocysts. Among these day 5 morulae that
progressed to blastocyst stage on day 6, there was still a trend
of day 5 morulae having higher aneuploid rates than day 5
blastocysts, although this trend only reached significance
among patients ages 35 to 40 (Table 4). The majority of day
5 morulae progressed to become blastocysts by day 6. Euploid
day 5 morulae had a significantly higher rate of making blas-
tocyst on day 6 compared to day 5 morulae that were aneuploid
or had no results after PGS analysis (83.3 vs. 48.8 %, p<0.05).

Among embryos with PGS results from a day 5 biopsy, the
aneuploidy rate significantly decreased with increasing day 5
progression from morulae to early blastocysts to expanded
blastocysts. (Table 5). Among aneuploid morulae, there was
a higher number of chromosomes affected per embryo that
subsequently arrested on day 5 compared to those aneuploid
morulae that progressed to become day 6 blastocysts (5.3 vs.
3.1 affected chromosomes per embryo, p<0.05).

To date there have been 6 former day 5 morulae transferred
and 14 day 5 early blastocysts transferred. While 3 of the day 5
morulae and 5 of the day 5 early blastocysts were part of
mixed transfers, also including a day 5 expanded blastocyst
in the transfer, there were 4 single embryo transfers or trans-
fers in which PGS gender results confirm which embryo im-
planted. Of these 4 transfers, 2 (50 %) former day 5 morulae
implanted and led to a live birth and 1 (25 %) resulted in a
biochemical pregnancy. There were 9 single embryo transfers
of former day 5 early blastocysts. Five (55.6 %) of these re-
sulted in a live birth or ongoing pregnancy, and 1 (11.1 %)
resulted in a biochemical pregnancy.

Table 4  Euploid rates stratified by maternal age, only Day 5 morulae

OR (95 % CI) p-value  that progressed on Day 6

Age Euploid (%)
30-35 1.00 (Ref)
>35-40 1.84 (1.31, 2.59) <0001~ Maternalage Erifg fe :;((’)r;‘lgzyﬂéat D5 blastocyst  p-value
>40-45 4.78 (3.00, 7.56) <0.001

Day 5 development 30 to 35 54 % 49 % NS
Day 5 blastocyst 1.00 (Ref) >35 to 40 12 % 37 % <0.05
Day 5 morulae 0.35 (0.22, 0.55) <0.001 >40 to 45 11 % 18 % NS
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Table 5 Day 5 embryo expansion and euploid rate among embryos
with PGS results

Embryo stage/ Morulae  Early blastocysts 3 4 >4
Expansion grade (1 and 2)

(%) Euploid 15 % 23 % 35% 39% 49 %
p-value <0.05 <0.05 <0.05 NS -

In 2014, there were 141 day 5 morulae that were not
biopsied as day 5 morulae. Sixty-one percent of these day 5
morulae progressed to become blastocysts on day 6. This pro-
gression rate was not significantly different to the observed
progression rate of day 5 morulae that were biopsied as day 5
morulae (61.7 % vs 54.5 %, p=0.21).

Discussion

Day 5 biopsy of all non-arrested embryos regardless of devel-
opment stage provides the opportunity to have genetic infor-
mation on all embryos eligible for transfer at the time of a fresh
day 6 transfer. This study demonstrates that morulae and early
blastocysts can be biopsied for PGS on day 5 in order to have
genetic information available at the time of a fresh day 6 em-
bryo transfer, be transferred and result in a successful preg-
nancy. While in this study aneuploidy rates of day 5 morulae
and early blastocysts were significantly higher than embryos
that were expanded blastocysts on day 5, there was a signifi-
cant population of euploid day 5 morulae and early blastocysts
that would be available for blastocyst transfer on day 6. These
embryos would increase the pool of euploid blastocysts avail-
able for a fresh day 6 transfer. Additionally, the availability of
genetic information on day 6 avoids the need to cryopreserve
developmentally competent embryos without knowing wheth-
er they are euploid or not. This prevents subjecting euploid
blastocysts that may be chosen for transfer to cryopreserva-
tion, and also avoids the labor, expense, and additional lab
volume associated with cryopreserving aneuploid embryos.
Similar to a prior study [8] comparing the rate of embryo
development with aneuploidy rates, this study did find that as
a whole, slower developing embryos on day 5 had a higher
aneuploidy rate compared with day 5 expanded blastocysts
even after controlling for maternal age. Maternal age was con-
trolled for in this study by both stratifying embryo cohorts by
maternal age, and using a multivariable logistic regression
model, with both analyses reaching similar conclusions. A
prior regression analysis of our PGS data revealed that mater-
nal age was the only IVF cycle parameter which significantly
correlated with embryo euploid rates [11], prompting its inclu-
sion in our model as the only independent variable other than
day 5 embryo development. In contrast to Kroener’s findings,
we observed that this difference in aneuploidy rates persisted
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between day 5 blastocysts and the subgroup of day 5 morulae
that became blastocysts on day 6. This embryo subgroup is the
most important population of day 5 morulae, as these are the
embryos that would be considered for a fresh day 6 transfer.
The difference in findings between studies may be attributable
to the later day of biopsy in our study (Day 5) compared to
theirs (Day 3), or the lower overall aneuploidy rate among day
5 blastocysts in our study. These findings are similar to a recent
morphokinetic study that observed a delay in the initial com-
paction and blastulation among aneuploid embryos relative to
euploid counterparts [12] but contrasts with a retrospective
multicenter analysis that did not observe any significant differ-
ence in euploid or implantation rates between day 5 or day 6
blastocysts [7] and another morphokinetic study that did not
find any correlation between aneuploid rates and the timing
of initiation or completion of blastulation [13]. Due to the in-
consistency of study results, a larger analysis with a diverse
patient population and uniformity of chromosomal analysis is
obviously needed. Although if euploid rates are similar be-
tween day 5 and day 6 blastocysts, this evidence would further
support the practice of day 5 morulae biopsy for patients desir-
ing a fresh Day 6 embryo transfer, assuming no harm to the
embryo results from the morulae biopsy.

While we did observe a higher no call rate among day 5
morulae compared to day 5 blastocysts, this finding is less
clinically relevant as when embryos that arrested on day 5—
embryos that would not be considered for a fresh day 6 trans-
fer or day 6 biopsy and cryopreservation—were excluded, the
difference was not significantly different. Additionally, day 5
morulae with no call results from a day 5 biopsy that do not
arrest can be re-biopsied on day 6 and then frozen, a practice
similar to the traditional management of these slower devel-
oping embryos.

Despite a higher aneuploidy rate among slower developing
embryos, any additional euploid embryo available for transfer
is important from the perspective of the patient who may only
need one euploid embryo to transfer. As the majority of day 5
morulae and early blastocysts will continue to progress, and
many of these embryos that progress are euploid, these em-
bryos have the potential to increase the pool of euploid em-
bryos available for a fresh transfer. However, additional data is
needed to provide reassurance that the biopsy of a day 5 mor-
ulae does not harm these slower embryos’ progression or im-
plantation potential. Additionally, before widespread adoption
of this practice, further analysis of Day 5 morulae determined
to be aneuploid after a single cell morulae biopsy, is needed to
confirm that PGS results from Day 5 morulae are not con-
founded by the mosaicism issues that plagued the clinical
impact of PGS when cleavage stage embryos were biopsied
on day 3 [14]. While this study was not designed to evaluate
the safety of day 5 morulae or early blastocyst biopsy, the
similar progression rates between biopsied and non-biopsied
day 5 morulae, particularly among euploid morulae, is
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reassuring regarding the effects of the biopsy on subsequent
embryo progression. Despite this initial reassurance, a pro-
spective randomized trial comparing progression and implan-
tation rates of non-biopsied day 5 morulae to biopsied day 5
morulae is needed to confirm these findings and ensure that
the 16.7 % of euploid day 5 morulae that arrest on day 6 is not
a consequence of the day 5 biopsy.

Another potential argument against the practice of day 5
biopsy of non-expanded blastocysts is the concern that biopsy
of early blastocysts or day 5 morulae may impair the alloca-
tion of cells to the inner cell mass and other aspects of cavita-
tion, or remove post-differentied cells destined to become the
inner cell mass. However, only cells from the periphery of the
embryo are biopsied, and evidence supporting the inside out-
side and cell polarity models of lineage specification [15]
suggest that even if biopsy occurs after differentiation, these
cells are destined to become trophectoderm and not inner cell
mass. However while this theory and our limited initial im-
plantation and pregnancy outcomes are reassuring, these re-
sults must be confirmed in a prospective trial.

The extremely limited experience with transfer of former
day 5 morulae and early blastocysts prohibits any conclusions
regarding the implantation potential of these embryos or any
adverse effects on pregnancy outcomes resulting from the day
5 biopsy of these relatively slower developing embryos. Our
initial experience and the observation of a similar live birth
rate for biopsied former day 5 morulae and early blastocysts
compared to our overall live birth rate after PGS biopsy and
fresh transfer [6] is reassuring, but additional follow up is
clearly needed for confirmation that the biopsy of less devel-
oped embryos on day 5 does not confer the same risk of
impaired implantation observed after day 3 embryo biopsy
in previous studies.

As cryopreservation techniques have improved over time,
so have freeze-thaw survival rates. However, exposing eu-
ploid embryos that might otherwise be chosen for a fresh
transfer to freezing does expose these embryos to the low
possibility of reduced post-thaw viability, as well as potential-
ly other less understood effects of freezing. Prior studies have
demonstrated that post-thaw viability is higher among better
quality embryos [16], and if these slower developing embryos
are lower quality compared to day 5 expanded blastocysts,
they may also be more vulnerable to any adverse effects of
freezing.

The benefit of a freeze all strategy on pregnancy outcomes
is currently under debate, and should frozen thawed embryo
transfers eventually categorically prove to provide higher
pregnancy rates with lower perinatal morbidity, our findings
become less relevant. Fresh transfers do avoid the financial
costs, increased cycle coordination, and temporal delay in-
curred as patients wait for a subsequent thawed transfer cycle.
Most biopsied embryos were found to be aneuploid and have
no potential to become a genetically normal pregnancy.

Cryopreserving developmentally competent embryos without
genetic information does not offer patients or providers infor-
mation regarding how many of these embryos have the poten-
tial to become a normal pregnancy, and with the high aneu-
ploidy rate observed, most cryopreservation and its associated
costs are unnecessary. Additionally, while biopsy of all day 5
morulae leads to needless biopsy of the 4045 % of day 5
morulae that will arrest on day 6, the cryopreservation—
which is more time intensive than embryo biopsy—of aneu-
ploid embryos creates needless labor and expense for embry-
ology labs, and the increased volume of cryopreserved embry-
os takes up cryostorage space and increases the risk for labo-
ratory error as embryologists are increasingly required to sort
through goblets of carriers populated with a mix of euploid
and aneuploid embryos.

Despite systematic classification of embryos by cavitation
and Gardner grading, these are still subjective judgments that
are vulnerable to inter-observer variability as well as the bias
resulting from assisted hatching of all embryos destined for
PGS biopsy which may have made it more difficult to distin-
guish between a non-expanded and an expanded blastocyst on
day 5. The retrospective nature and the lack of a controlled
comparison group of embryos to evaluate the effects of a day 5
biopsy on morulae and early blastocysts is another limitation.
Future research will hopefully compare this cohort of embryos
with embryos that are biopsied only after making blastocyst
on day 6; however, while newer methods of PGS are drasti-
cally reducing the turnaround times for PGS analysis [17], at
most centers currently, embryos biopsied on day 6 would not
be available for a fresh day 6 transfer. Additionally, the em-
bryos included in this study were analyzed by multiple labs
and comprehensive chromosomal screening platforms, and
variation between labs and screening methods may contribute
to variations observed in our results.

Patients undergoing IVF with PGS need only one euploid
embryo in order to proceed with an embryo transfer and have
a chance to become pregnant with a genetically normal em-
bryo. Much effort in IVF is spent trying to maximize the
number of embryos available in order to increase the number
of euploid embryos available to choose from. Patients aiming
for a fresh day 6 transfer after PGS may increase the number
of euploid blastocysts available for fresh transfer and also
avoid the unnecessary task of cryopreserving aneuploid em-
bryos by biopsying morulae and early blastocysts on day 5.
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