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Abstract
Purpose There is clinical evidence that early cleavage timing parameters predictive of blastocyst development also correlate with
embryo implantation potential. The aim of this study is to determine the developmental competency of embryos with delayed
blastulation.
Methods Retrospective study performed from 2015 to 2016 at the Division of Reproductive Endocrinology and Infertility at
Northwestern University.
Results A total of 2,292 embryos from 524 patients were included. Day 6 blastocysts had statistically significant longer times for
every time point analyzed than day 5 blastocysts (p < 0.001). We found no statistically significant difference in euploidy rates
between day 5 (44%) and day 6 (41%) embryos (p = 0.573). t7 and t8 time points were independent predictors of euploidy after
controlling for day of biopsy (p < 0.015 and p < 0.014, respectively). Intrauterine pregnancy (IUP) and live birth (LB) were less
likely to occur after transferring day 6 embryos (p = 0.0033 and p = 0.0359) without previous genetic testing. However, in
embryos that undergo preimplantation genetic testing for aneuploidy (PGT-A), there were no significant differences in IUP or LB
rates.
Conclusion Early time-lapse points can be used to predict embryo development. Day of blastulation may be an independent
predictor IUP, with day 6 blastocysts having lower pregnancy and live birth rates. Our data suggests that day 5 and day 6 PGT-A
tested embryos show similar rates of euploidy, suggesting that differences in PR seen in the non-PGT-A tested group may be
caused by factors other than aneuploidy. Genetic testing technologies in combination with time-lapse microscopy may provide
further information to improve IVF outcomes.
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Introduction

A major goal in reproductive medicine is to maximize live
birth (LB) rates with the use of elective single-embryo trans-
fers. Despite efforts made in improving in vitro fertilization
(IVF) efficacy, overall implantation rates remain low at 30.1%
[1, 2]. Aneuploidy is a main contributor to implantation failure
and risk of miscarriage in pregnancies achieved with IVF.
There is well-documented evidence of increasing maternal
age directly correlating with an increase in embryonic aneu-
ploidy rates [3, 4]. Thus, techniques to determine embryo
implantation potential and aneuploidy status are needed.
Morphologic evaluation of embryos has historically been the
method of choice to choose the best embryo for transfer.
However, this method has limitations; the inter-observer
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consistency between morphology assessments is poor, as is its
correlation with the chromosome makeup of the embryo. [5].
Time-lapse microscopy (TLM) is an imaging system that en-
ables continuous monitoring of preimplantation embryo de-
velopment, offering the opportunity to noninvasively visual-
ize time points and aspects of embryo morphokinetics, with
the intent of finding more accurate predictors of embryo de-
velopmental competency. These events may provide addition-
al information to improve embryo selection, with the ultimate
goal of improving clinical outcomes and promoting single
embryo transfer [6, 7]. Past studies have drawn a clear corre-
lation between embryo morphology and viability [8–10].
There is increasing clinical evidence that early cleavage
timing parameters predictive of blastocyst development also
correlate with embryo implantation and establishment of preg-
nancy [5]. However, several systematic reviews independent-
ly conclude that there is currently insufficient evidence to
support the clinical use of time-lapse imaging data for
predicting live birth [5, 11].

An objective assessment tool to evaluate embryo ploidy
status and viability is of critical importance for the selection
of the best embryo to be transferred. Blastocyst-stage embryo
transfer may enhance embryo selection, but embryo morphol-
ogy, even at the blastocyst stage, may be misleading [12–15].
Patients undergoing IVF may choose to undergo preimplan-
tation genetic testing for aneuploidy (PGT-A). The goal is to
decrease the chance of having a genetically abnormal preg-
nancy and to potentially decrease the chance of implantation
failure and miscarriage [16]. Studies have shown that when
genetically normal embryos are transferred, the effect of ma-
ternal age on pregnancy rates is eliminated and pregnancy
rates increase 60 to 70% across all age groups [16]. Benefits
of PGT-A have been described in two randomized controlled
trials [4, 17]. For this reason, PGT-A has generated significant
improvements in IVF treatment outcomes, especially for the
older patient population. However, this type of testing is ex-
pensive and invasive and has the potential to damage the em-
bryo [18, 19].

Even though the chance of any detrimental effect of
trophectoderm biopsy on implantation rate is very low, non-
invasive assessment of ploidy status with high validity would
be very useful and potentially offer cost savings to patients.
By combining trophectoderm biopsy with TLM of early em-
bryo development, it may even be possible to preferentially
select embryos to be tested [12–15].

Literature shows heterogeneous results regarding the clin-
ical implications of a delay in development. This study com-
pares clinical outcomes between blastocysts vitrified on day 5
and those on day 6 to assess the clinical implication of a delay
in blastulation. In addition, we examined whether euploid
compared with aneuploid embryos display differing
morphokinetic variables over the preimplantation cleavage
period and examined intrauterine pregnancy (IUP) and live

birth rates (LBR) in frozen transferred blastocysts, both
PGT-A tested and not tested (Fig. 1). Our hypothesis is that
early cleavage stage parameters may predict embryo develop-
mental competency.

Materials and methods

Patients and data collection

Our study was approved by the Northwestern Institutional
Review Board. This was a single center retrospective clinical
comparative study performed from 2015 to 2016 in the
Division of Reproductive Endocrinology and Infertility at
Northwestern University. All embryos that became blasto-
cysts on day 5 and day 6 grown in the time-lapse incubators
(EmbryoScope) were included. A sub-analysis of embryos
that were PGT-A tested was done to compare TLM and eu-
ploidy rates in day 5 vs day 6 blastocysts. In addition, a sub-
analysis of frozen embryo transfers (FET), both PGT-A tested
and not tested, was done to evaluate pregnancy rates and LBR
after transferring day 5 and day 6 embryos.

All patients who had IVF and whose embryos were cul-
tured in the time-lapse incubator until blastocyst stage from
2015 to 2016 were included (Table 1). The following infor-
mation was retrieved from the patients’ medical records: age,
stimulation protocol, time-lapse points, day of blastocyst de-
velopment, PGT-A results (if done), and pregnancy and live
birth rates (if an embryo was transferred).

Controlled ovarian hyperstimulation protocols

Patients underwent one of the following ovarian stimulation
protocols: luteal phase leuprolide acetate suppression (Lupron;
Abbott Laboratories) with or without oral contraceptive pre-
treatment, microdose leuprolide acetate flare, or an antagonist
protocol. Controlled ovarian hyperstimulation was achieved by
administration of once-daily injections of follicle-stimulating
hormone (FSH) (Follistim; Organon USA, Rose-land, NJ or
Gonal-F; EMD Serono) and FSH þ luteinizing hormone (LH)
(Menopur; Ferring Pharmaceuticals) at total daily doses of FSH
ranging from 75 through 600 IU depending on age, ovarian
reserve, and infertility diagnosis. In the antagonist protocol,
the GnRH antagonist was added when a lead follicle measured
13 mm or the estradiol concentration exceeded 300 pg/mL.
Cycles were monitored with serum estradiol levels and
transvaginal ultrasounds beginning on stimulation day 4 or 5
and every 1 to 2 days thereafter.When at least three follicles had
reached a mean diameter of 16 mm, 250 mg of recombinant
human chorionic gonadotropin (hCG, Ovidrel; EMD Serono)
was administered subcutaneously. Ultrasound-guided oocyte
retrieval was performed 36 h later [20].
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Frozen embryo transfer

To more accurately control the uterine environment for ET,
patients underwent endometrial priming with estrogen and
progesterone [21, 22]. Ovarian steroid supplementation
consisted of 4 mg of oral estradiol starting on day 2–3 of the
menstrual cycle. If the uterine lining was noted to be less than
7 mm on day 14, an additional 2–4 mg of estradiol was ad-
ministrated vaginally. If the uterine lining was greater than 7
mm, once-daily intramuscular progesterone and vaginal pro-
gesterone (Endometrin or Crinone) were started. ET was per-
formed on the morning of the 6th day after starting progester-
one. Pregnancies were initially detected by serum β-hCG

concentrations and confirmed by transvaginal ultrasound.
All pregnant women continued estradiol and progesterone un-
til 9 weeks of gestation [23].

Laboratory protocols

Controlled ovarian stimulation was performed as previously
described. The cumulus oocyte complexes were aspirated 36 h
after the trigger of ovulation. Oocytes were denuded of cumu-
lus cells 38 h after the trigger of ovulation by enzymatic di-
gestion with hyaluronidase (80 IU/mL). Insemination of oo-
cytes by means of intracytoplasmic sperm injection (ICSI)
was carried out 1–2 h after denudation. Fertilization was ver-
ified by the presence of two pronuclei 15 to 18 h later. All
embryos were cultured in the EmbryoScope® incubator
(Fertilitech). Single-step culture medium was used to culture
embryos in the culture dish (embryo slide). Prolonged culture
was used without media changes. Embryos were cultured at
37 °C, 6% CO2, and 5% O2 in either SAGE 1-step pre-sup-
plemented with HAS (CooperSurgical) or G-TL (Vitrolife).
During the biopsy process, embryos were placed in a
HEPES buffered media supplemented with 10% serum sub-
stitute supplement (SSS, Irvine Scientific). Embryos were vit-
rified using the Sage Vit kit. Warming of embryos was done
using Irvine Vit Kit-Thaw.

Table 1 Total patient demographics

Parameter Day 5 Day 6 p value

Number of embryos 1815 477

Maternal age at retrieval (years) 35.8 35.7 0.777

BMI 27.4 24.2 0.396

AMH 4.0 3.4 0.005

Gonadotropin dosage (IU) 3693.2 3421.7 0.772

Stimulation duration (days) 10.2 10.4 0.010

Number of mature eggs retrieved 13.8 12.9 0.039

Number of eggs fertilized 11.3 10.4 0.011

2292 
blastocysts

1815 day 5
(79.2%)

586 PGT-A 
tested

(32.3%)

255 euploid
(43.5%)

93 FET

64 IUP
(68.8%)

60 LB
(64.5%)

331 aneuploid
(56.5%)

1215 PGT-A 
non-tested

(66.9%)

159 FET

82 IUP
(51.6%)

80 LB
(50.3%)

14 PGT-A tested 
inconclusive

(0.8%)

477 day 6
(20.8%)

168 PGT-A 
tested

(35.2%)

69 euploid
(41.1%)

19 FET

14 IUP
(73.7%)

11 LB
(57.9%)

99 aneuploid
(58.9%)

308 non-PGT-A 
tested

(64.6%)

31 FET

9 IUP
(29.0%)

8 LB
(25.8%)

1 PGT-A tested 
inconclusive

(0.2%)

Fig. 1 Flow diagram of the studied patients
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Fertilization and embryo development were assessed by
making annotations on the EmbryoViewer. All embryos were
individually cultured in a time-lapse incubator from time of
fertilization to the blastocyst stage. PGT-A tested embryos
were biopsied on day 5 or day 6. Laser-assisted hatching
was performed with the removal of 3 to 5 trophectoderm cells
that were sent for genetic testing. Genetic analysis was per-
formed at outside companies using either NGS or SNP-arrays.
Embryos were not hatched prior to biopsy on day 5 or 6. All
blastocysts were cryopreserved using vitrification and stored
in liquid N2 at − 196 °C.

Embryo culture time points

The time point was assigned to each image and reported as
hours after time zero (t0), where t0 is defined as the time of
injecting the sperm into the oocyte [24]. The following early
time points after t0 were recorded: time to pronuclear appear-
ance (tPNa), time to pronuclear fading (tPNf), 2 cells (t2), 4
cells (t4), five cells (t5), 6 cells (t6), 7 cells (t7), and 8 cells
(t8). The analysis was stopped on t8 to focus on early cleavage
developmental events as predictive of blastocyst formation
and ploidy.

Outcome parameters

IUP was confirmed by visualization of an intrauterine gesta-
tional sac with fetal heart activity on ultrasound 5–6 weeks
after the embryo transfer. LBR were defined as the proportion
of transferred embryos that implanted resulting in live birth
beyond 24 weeks of gestation.

Statistical analyses

The data was entered into a STATA data file to compare var-
iables between groups. A value of p < 0.05 was considered to

be significant. The chi-square test was used for categorical
variables, and Student’s t test was used for continuous vari-
ables that were normally distributed. Crude odds ratios (OR)
and 95% confidence intervals (95% CI) were determined.
Logistic regression was performed to examine the association
of variables with confounding factors.

Results

A total of 2,292 blastocysts from 608 cycles and 524 patients
were included for analysis (Fig. 1). Demographic data of this
cohort is shown in Table 1. The mean age and BMI for this
cohort were 35.8 years old (95% CI, 35.3–36.0) and 25.8
(95% CI, 23.3–31.4). We found that 1,815 (79%) became
blastocysts on day 5 and 477 (21%) on day 6. Our data shows
that day 6 blastocysts had statistically significant longer times
for every time point analyzed than day 5 embryos: tPNf, t2, t3,
t4, t5, t6, t7, t8 (p < 0.001) (Table 2; Fig. 2). Results persisted
after controlling for AMH and fertilization rates (these were
the only 2 variables that showed significant differences be-
tween the groups which is why they were controlled for; other
variables including age were similar in both groups).

We then performed a sub-analysis examining all the PGT-A
tested embryos. A total of 754 blastocysts from 152 patients
and 212 cycles of IVFwith PGT-Awere analyzed for euploidy
rates on day 5 (n = 586) or day 6 (n = 168). Table 3 shows the
demographic data of this cohort of patients. The average age
and BMI for all PGT-A tested patients were 36.8 years old (CI
95%, 36.2–37.4) and 24.0 (CI 95%, 23.4–24.6), respectively.
Overall euploidy rate was 43.5% (255 out of 586) for day 5 and
41% (69 out of 168) for day 6 blastocysts. Our data demon-
strated no statistically significant difference in euploidy rates
between embryos biopsied on day 5 or day 6 (p = 0.573). We
then performed a logistic regression comparing TLM between
PGT-A normal and abnormal while controlling for day of

Table 2 Comparison of time-lapse morphokinetic parameters of the earlier stages of embryonic development between day 5 and day 6 blastocysts

TLM parameters Day 5 blastocysts Day 6 blastocysts

Mean Std. err Std. dev CI 95% Mean Std. err Std. dev CI 95% p value

tPNf 23.1 0.07 2.8 23.0–23.2 24.8 0.15 3.3 24.5–25.1 > 0.000

t2 25.7 0.13 5.5 25.5–26.0 27.2 0.16 3.4 26.9–27.6 > 0.000

t3 35.9 0.10 3.9 35.7–36.1 38.1 0.25 5.1 37.6–38.6 > 0.000

t4 37.5 0.97 4.1 37.4–37.7 40.5 0.27 5.7 40.0–41.1 > 0.000

t5 48.6 0.15 6.0 48.3–48.9 52.0 0.42 8.6 51.2–52.8 > 0.000

t6 51.3 0.14 5.7 51.1–51.6 56.1 0.38 7.9 55.4–56.9 > 0.000

t7 54.3 0.17 6.8 54.0–54.7 60.7 0.47 9.4 59.8–61.6 > 0.000

t8 59.4 0.23 8.9 58.9–59.8 65.7 0.55 10.9 64.6 > 0.000

tPNf = pronuclei faded; t2, t3, t4, t5, t6, t7, t8 = time between intracytoplasmic injection and 2-, 3-, 4-, 5-, 6-, 7-, and 8-cell stages, respectively
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biopsy (5 vs 6) and interestingly found that t7 (p = 0.015) and t8
(p = 0.013) remained as independent predictors of aneuploidy.

We then examined all frozen-thawed single blastocyst
transfer cycles (both PGT-A tested and non-tested). A total
of 302 transferred blastocysts from 239 patients were includ-
ed: 252 days 5 blastocysts (83.4%) and 50 days 6 (16.6%).
LBR were significantly higher after transferring day 5 embry-
os (56% vs 38%; p = 0.0295). IUP was also higher when
transferring day 5 embryos but this difference was not signif-
icant (58% vs 46%) (Fig. 3).

Differences in pregnancy outcomes between PGT-A tested
and non-tested blastocysts are shown in Table 4. Of the 302
transferred blastocysts (both day 5 and day 6), 112 (37.1%)
were PGT-A tested and 190 (62.9%) embryos were non-test-
ed. As expected, both PR and LB were significantly higher
after transferring euploid embryos (IUP (69.6%), p = 0.0003;
LB (63.4%), p = 0.0043). These differences persisted after
controlling for AMH and number of fertilized oocytes.

Breaking down the 302 transferred embryos, 252 blasto-
cysts were day 5 embryos (93 PGT-A tested and 159 non-
tested) and 50 were day 6 embryos (19 euploid and 31 non-
tested). Although IUP rates were not significantly different
(58% vs 46%; p = 0.16), we found that LBR (56% vs 38%;
p = 0.0295) were less likely to occur after transferring a day 6
embryo (Table 4).

We then did a sub-analysis looking at PGT-A tested and
non-tested blastocysts (Tables 5 and 6). In the PGT-A non-
tested group, we found that overall IUP and LB were less
likely to occur after transferring day 6 embryos (p = 0.0033
and p = 0.0359, Table 5). For PGT-A tested embryos, there
were no differences in IUP rate when transferring day 5 or day
6 blastocysts (p = 0.9180) (Table 6). Differences in clinical
outcomes were not reported between day 5 and day 6 blasto-
cysts, which supports the hypothesis that day 6 blastocyst
transfers are influenced by intrinsic characteristics when the
whole cohort developed slower. When comparing outcomes
after transferring euploid embryos vs non PGT-A tested, both
IUP and LBR were significantly higher after transferring eu-
ploid embryos (Table 7). The PR and LBR of all 302 transfer
cycles were 56% and 53%, respectively.

Discussion

In this current study, we have combined two advanced tech-
nologies, time-lapse and PGT-A, and examined both PR and
LBR. We found that day 6 blastocysts had statistically signif-
icant longer division times for every time point analyzed com-
pared with day 5 blastocysts, even after controlling for AMH
and fertilization rates. In the PGT-A tested subgroup, we

Fig. 2 Comparison of time-lapse
morphokinetic parameters of the
earlier stages of embryonic de-
velopment between day 5 and day
6 blastocysts. tPNf = pronuclei
faded; t2, t3, t4, t5, t6, t7, t8 = time
between intracytoplasmic injec-
tion and 2-, 3-, 4-, 5-, 6-, 7-, and 8-
cell stages, respectively

Table 3 Patient demographics,
preimplantation genetic tested
embryos

Parameter Day 5 Day 6 p value

Number of embryos 586 168

Maternal age at retrieval ± SD (years) 36.8 36.8 0.898

BMI 24.0 24.0 0.869

AMH 3.5 2.9 0.107

Gonadotropin dosage ± SD (IU) 4311.2 4004.6 0.737

Stimulation duration (days) 10.1 10.4 0.010

Number of mature eggs retrieved 13.8 12.8 0.126

Number of eggs fertilized 10.7 10.0 0.168

% of euploid blastocysts 43.5% (255/586) 41% (69/168)
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found no statistically significant difference in euploidy rates
between embryos biopsied on day 5 or day 6, suggesting that
genetics did not play a role in these longer divisions. After
controlling for day of biopsy, we found that t7 and t8 remained
as independent predictor factors for aneuploidy, suggesting
that these time points may help differentiate genetically nor-
mal from abnormal embryos.

As expected, IUP and LB were more likely to occur after
transferring PGT-A normal embryos. Although we found that
overall IUP and LB were less likely to occur after transferring
day 6 embryos, this did not hold true for the subset of patients
who had PGT-A. For PGT-A tested embryos, we found no

difference in IUP when transferring day 5 or day 6 blastocysts.
It should be noted, however, that we had a small number of
transferred day 6 PGT-A normal embryos.

Although time-lapse technology may not replace PGT-A, it
does represent an excellent selection tool for good prognosis
patients for whom PGT-A is not indicated or for patients who
do not wish or cannot have PGT-A performed. In our study,
we found that t7 and t8 time points were predictive of aneu-
ploidy status, suggesting that when PGT-A is not performed,
these time points may be particularly helpful in selecting em-
bryos for transfer.

Several authors have tried to assess the link between blas-
tocyst morphology and chromosomal abnormality [25–28],
built a time-lapse deselection model [29], and created gener-
ally applicable morphokinetic algorithms [30]. Currently,
there are ten studies that aimed to predict the ploidy status of
preimplantation embryos with the use of TLM parameters. Six
of these studies reported significant associations between cer-
tain TLM parameters and ploidy status [28, 31–33], while the
remaining four did not find any such association [24, 34–37].
Some of these previous reports [38–41] have shown higher
implantation and pregnancy rates when transferring embryos
on day 5 compared with day 6, suggesting that the viability
may be higher for faster developing embryos [42].

Campbell et al. [12] published a study where the
morphokinetic variables were compared with ploidy. They
found that embryos with multiple aneuploidies had delayed
initiation of compaction as well as time to reach full blastula-
tion compared with euploid embryos. Embryos with either
single or multiple aneuploidies had delayed initiation of blas-
tulation compared with euploid embryos. No significant dif-
ferences were observed in first or second cell-cycle length,
synchrony of the second or third cell cycles, duration of blas-
tulation, multinucleation at the 2-cell stage, and irregular di-
vision patterns between euploid and aneuploid embryos [12].
Chawla et al. [32] published a time-lapse imaging study where
they performed a morphokinetic analysis of cleavage stage
embryos and its relationship to aneuploidy. They showed that
time durations for tPNf, t2, and t5 differed significantly be-
tween normal and abnormal embryos, specifically that tPNf
and t2 duration for normal embryos was significantly less than
that of the abnormal embryos (p < 0.05). They concluded that
time-lapse imaging morphokinetics may play a role in early
prediction of aneuploidy [32]. Minasi et al. [28] reported that
the timing of cleavage from t3 to t4, reaching t4, starting

302 FET

252 day 5
(83.4%)

146 IUP
(58%)

140 LB 
(56%)

50 day 6
(16.6%)

23 IUP
(46%)

19 LB
(38%)

NS

p=0.0295

Fig. 3 Flow diagram of frozen embryo transfers. FET day 5 and day 6,
PGT-A tested and non-tested

Table 4 Patient demographics for those who had embryos transferred
with and without preimplantation genetic testing

Parameter Day 5 Day 6 p value

Number of embryos 252 50

Maternal age at retrieval ± SD (years) 35.4 35.6 0.749

BMI 24.8 24.4 0.799

AMH 4.0 2.6 0.013

Gonadotropin dosage ± SD (IU) 3362.6 3778.7 0.385

Stimulation duration (days) 10.2 10.2 0.583

Number of mature eggs retrieved 13.1 9.8 0.005

Number of eggs fertilized 10.7 7.9 0.003

IUP 146 (58%) 23 (46%) 0.16

Live birth rate 140 (56%) 19 (38%) 0.00295

Table 5 Intrauterine pregnancy and live birth rates for embryos that did
not undergo preimplantation genetic screening

Day 5, n = 159 Day 6, n = 31 p value

IUP (%) 82 (51.6%) 9 (29.0%) 0.0033

LB (%) 80 (50.3%) 8 (25.8%) 0.0359
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blastulation, reaching full blastocyst stage, blastocyst expan-
sion, and hatching were longer in aneuploid blastocysts (p <
0.05 for early stages and p < 0.0001 for later stages of devel-
opment, respectively). No statistically significant differences
were found between euploid and aneuploid blastocysts for the
remaining morphokinetic parameters [28]. In our study, we
found that t7 and t8 time points were predictive of aneuploidy.
A possible explanation is that embryo genome activation starts
at the four-to-eight cell stage. After the third day of culture, the
embryo gradually express its own genes and the potential
genetic abnormalities would start having an effect on embryo
development [25].

On the other hand, Rienzi et al. [36] published a longitudi-
nal cohort study to investigate whether blastocyst aneuploidy
was detectable by specific morphokinetic parameters in pa-
tients at increased risk of aneuploidy because of advanced
maternal age, history of unsuccessful IVF treatments, or both.
No statistical correlation between 16 commonly detected
morphokinetic characteristics (including t2 to t8) or in vitro
embryo development and aneuploidy was found. Their results
suggested that morphokinetic characteristics could not be used
to select euploid blastocysts in poor-prognosis patients who
may be regarded as candidates for pre-implantation genetic
screening [36].

Regarding delayed blastulation, Barrenetxea et al. [42]
published a study where they compared transfers of day 5
and day 6 embryos. Similar to our findings, these authors
showed that blastocysts transferred on day 5 implanted at
almost five times the rate of those transferred on day 6 (23%
vs 5%). Pregnancy rates were three times as high among the
day 5 patients compared with the day 6 transfer patients (38%
vs 11%) [42]. Shapiro et al. [38] published a study where they
compared day 5 and day 6 blastocyst transfers and pregnancy
outcomes. They found that day 5 embryos were approximate-
ly twice as likely to implant compared with day 6 [38].
Kovalevsky et al. [43] compared pregnancy and implantation
rates after transferring day 5, 6, and 7 embryos. Implantation

rates and PR were significantly higher after transferring day 5
embryos [43].

We found overall lower IUP and LBR in patients who had a
day 6 blastocyst transferred. Multiple studies suggested that
blastocysts developing by day 5 of culture give rise to higher
pregnancy rates than embryos reaching the blastocyst stage by
day 6 [38, 42]. Unlike our study findings, Barash et al. [19]
found that embryos available for biopsy on day 5 had higher
euploidy rates than embryos available for biopsy on day 6 in
all age groups. In our study, we found similar rates of euploidy
in day 5 and day 6 blastocysts, suggesting that genetics may
not explain slower development. It is not clear whether this
lower PR and LBR is due to impaired embryo quality of the
slower to develop day 6 blastocysts or an asynchronous uter-
ine environment with poor endometrial receptivity [44, 45].
Of note, our clinic transfers day 6 blastocysts when there are
no day 5 blastocysts available. Further analysis of outcomes of
blastocysts vitrified on day 5 or day 6 may provide a better
understanding of the impact of delayed development on sub-
sequent embryo competency [46]. Several recent papers sug-
gested that in some cases, extended culture up to day 7 may be
necessary to assess genetic status of the embryos [43, 47]. At
the same time, reported pregnancy rates after transferring em-
bryos biopsied on day 7 are relatively low and long-term out-
comes are unknown [19].

Our study has a number of important strengths. The data
comes from a single, high-volume center experienced in
TE biopsy and the use of time-lapse incubators. In addi-
tion, we have a large sample size. The main limitation is
that the number of day 6 blastocysts PGT-A tested and
transferred was low. In addition, the time-lapse points were
not automated and thus subject to human error. Aweakness
is that blastocysts were divided into two groups according
to the day of development at the blastocyst stage. This
selection implies that the same patients may have embryos
in both the day 5 and day 6 cohort. In our practice, day 5
embryos are preferentially chosen over day 6, unless the
only euploid embryos are day 6.

Our data shows similar rates of euploid embryos between
day 5 and day 6, suggesting that genetics may not explain
slow development, but PR and LB are lower when non-
PGT-A day 6 blastocysts are transferred. However, this result
does not hold true after transferring day 6 embryos which have
undergone PGT-A (Table 6). We found that early time-lapse
points can be used to predict which embryos will become
blastocysts on day 5 vs day 6, and that t7 and t8 time points
were independent predictors of euploidy. Genetic testing tech-
nologies in combination with time-lapse microscopy may pro-
vide further information to improve IVF outcomes.
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Table 6 Intrauterine pregnancy and live birth rates by day 5 vs day 6 for
euploid embryos

Day 5, n = 93 Day 6, n = 19 p value

IUP (%) 64 (68.8%) 14 (73.7%) 0.7887

LB (%) 60 (64.5%) 11 (57.9%) 0.6087

Table 7 FET euploid vs non-tested: total outcomes

Euploid Non PGT-A tested p value

FET 112 190

IUP (%) 78 (69.6%) 91 (47.9%) 0.0003

LB (%) 71 (63.4%) 88 (46.3%) 0.0043
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