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are only superior when trophectoderm biopsy is performed
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Abstract
Purpose In vitro fertilization with trophectoderm embryo biopsy and pre-implantation genetic screening with comprehensive
chromosomal screening (PGS-CCS) for aneuploidy is becoming increasingly more popular. Embryos are cryopreserved and
implanted in a subsequent frozen thawed embryo transfer cycle (FET). No studies have investigated differences in pregnancy
outcomes by timing of trophectoderm biopsy relative to stages of blastocyst development.
Methods Retrospective study of all patients (n = 363) at a single IVF center between January 1, 2013 and December 31, 2016
undergoing single embryo transfer with PGS-CCS where embryos were cryopreserved with subsequent FET. Embryo expansion
and grading was assessed both at the time of biopsy and transfer. Pregnancy rates were analyzed by embryo expansion and
embryo grading.
Results Implantation, clinical pregnancy, and live birth rates improved significantly with increased embryo expansion at the time
of embryo biopsy (P < 0.001). Pregnancy loss decreased with increases in embryo expansion prior to biopsy (P < 0.001).
Superior live birth rates with PGS-CCS were seen when embryos were hatching at the time of biopsy (p < 0.001). For fresh
and frozen embryo transfers without PGS-CCS, embryo expansion did not affect pregnancy outcomes.
Conclusions PGS-CCS significantly increases implantation and live birth rates only if embryos are hatching at the time of biopsy.
The embryo biopsy itself on a non-hatching embryo significantly damages the embryo in ways which are not reflected in future
embryo expansion. IVF labs should wait until embryos hatch before performing trophectoderm biopsy.
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Background

Pre-implantation genetic screening is a common technique
used in assisted reproductive technology where embryo
DNA undergoes comprehensive chromosomal screening
(PGS-CCS) for aneuploidy prior to implantation. Currently,
most IVF labs perform PGS-CCS on trophectoderm cells from
blastocyst embryos [1]. Trophectoderm biopsy can provide
multiple cells for chromosome analysis thereby reducing the
possibility of diagnostic errors [2–4]. Studies reviewing
trophectoderm biopsies and PGD-CCS correlate IVF aneu-
ploidy with increasing maternal age [5] but also demonstrate
high aneuploidy rates even in younger women [6, 7].

After optimal selection of an embryo based onmorphology
and chromosomal status, fresh embryo transfer can be per-
formed during the same cycle or frozen embryo transfer
(FET) can be performed in a subsequent thawed cycle. Most
IVF centers have high survival and pregnancy rates from
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thawed embryos [8–12]. Cryopreservation of embryos allows
sufficient time for PGS-CCS to improve embryo selection
[13]. FET nearly eliminates the risk of ovarian hyperstimula-
tion syndrome [14–19]. Additionally, FET demonstrates
equivalent or higher implantation and ongoing pregnancy
rates compared to fresh embryo transfer, hypothesized to re-
sult from improved embryo-endometrium synchrony and
more physiological estradiol levels [13, 20–26]. Most impor-
tantly, perinatal outcomes including low birth weight, preterm
delivery, and pre-eclampsia favor FET over fresh embryo
transfer [26–34].

IVF with PGS-CCS and subsequent FETwith elective sin-
gle embryo transfer (eSET) has been advocated by many phy-
sicians and IVF centers as the optimal mode of treatment. A
recent meta-analysis of three randomized controlled trials
found that PGS-CCS improved implantation rates (RR of
1.29, 95% CI 1.15–1.45) and sustained implantation rates be-
yond 20 weeks (RR of 1.39, 95% CI 1.21–1.60) [35]. Another
meta-analysis of PGS-CCS demonstrated higher implantation
rates, higher live birth rates, and decreasedmultiple pregnancy
rates in four randomized controlled trials as well as higher
ongoing pregnancy rates and decreased miscarriage and mul-
tiple pregnancy rates in seven cohort studies [36]. FET and
eSET after PGS-CCS can achieve high implantation rates
(75%), pregnancy rates (80%), and live birth rates (77%)
[13]. eSET after PGS-CCS showed comparable pregnancy
rates relative to untested two-blastocyst transfer (60.7% vs
65.1%, CI 0.7–1.2) [37]. Similar results were seen by Scott
et al., with the PGS-CCS eSET having 66.4% sustained im-
plantation and 84.7% delivery rates [38]. Comparable results
are seen with women of advanced maternal age [39] and
across different methods used for DNA analysis [40].

Studies clearly favor blastocyst biopsy of trophectoderm
cells over cleavage stage embryo biopsy [1, 41]. Cleavage
stage biopsies were associated with higher rates of mosaicism
[42] and embryo damage, [43] which likely contributed to the
failure of early PGS studies to find clinical benefit [44].
Determining when to biopsy cleavage stage embryos was easy
since almost all embryos reach the 8-cell stage as a cohort.
However, blastocysts develop at varied rates of time where the
embryo cavity expands and later trophectoderm cells herniate
out as the embryo hatches. Most labs assess embryos on the
morning of day 5. Many labs biopsy all embryos at the same
time on the morning of day 5 even though some embryos may
not have expanded yet and others may already be hatching.
Embryologists are not always available for a biopsy (they may
be in an egg retrieval, performing ICSI, or maybe the left for
the day). And embryologists may not be in the office as late on
weekends or holidays as they are during a normal work week.
Some labs may biopsy day 5 embryos of a single patient at
different times on day 5, and other labs may biopsy embryos
only in the morning of day 5 and day 6 but not at other times
of the day. Protocols may vary depending on whether days 5

and 6 are weekdays or weekends or based on the time of the
egg retrieval and how that impacts the time of day that em-
bryos are assessed on day 5.

There are no studies to date which have assessed the optimal
time to perform trophectoderm biopsy with respect to the ex-
pansion and growth of an embryo once it has already reached
the blastocyst stage. The primary aim of our study is to evalu-
ate whether the stage of development of trophectoderm biopsy
for PGS-CCS affects pregnancy outcomes.

Methods

All cycles between January 1, 2013 and December 312,016 at
Island Reproductive Services were examined. The practice
consisted of two physicians who used standardized transfer
techniques and one embryologist who performed all embryo
grading and all embryo biopsies. This study included only
IVF cycles in which all blastocyst embryos underwent
trophectoderm biopsy for PGS-CCS with immediate cryo-
preservation. PGS-CCS was recommended to all patients re-
gardless of prognosis, age, or diagnosis. Every embryo that
reached the blastocyst stage was biopsied either on day 5 or
day 6 based on embryologist availability. FET followed in a
subsequent cycle. Analysis was restricted to cycles in which
eSET was performed (n = 362). All pregnancy data resulted
from day 5 embryos. Although some embryos were extended
in culture to day 6, none of those are represented here since
day 5 euploid embryos were always prioritized over day 6
embryos for embryo transfer. All FET were performed after
oral 17B estradiol preparation to thicken the endometrium to
at least 8 mm. A total of 429 cycles were initiated—32 cycles
had no euploid embryos to transfer and 67 cycles had double
embryo transfer and were excluded from analysis. No mono-
zygotic twins occurred.

Oocyte retrieval was performed by transvaginal
ultrasound-guided aspiration 35 h after hCG administration.
All egg retrievals were performed between 6:30 and 9:30 AM.
ICSI was performed for all oocytes 4–6 h after oocyte retrieval
with fertilization check 16–18 h later. Embryos were cultured
in an open culture system in group culture in 25-μl micro
drops Global® Total® media (Life Global®, USA) with a
change of media on day 3. Temperature was maintained at
37 °C with 40% humidity. Triple mix gas lines were used with
5% O2, 6% CO2, and 89% N2 concentrations. Every single
embryo (regardless of PGC-CCS) underwent assisted laser
hatching on day 3 (ZILOS-tk® laser, Hamilton Thorne).

Embryos were assessed by a single embryologist first at the
time of trophectoderm biopsy (prior to cryopreservation) as
well as at the time of FET [45]. Embryo expansion was char-
acterized as non-expanded (blastocoel cavity filling 50–100%
of the volume of the embryo), expanded (blastocoel cavity
larger than the original embryo), hatching (trophectoderm
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cells extruding outside the zona pellucida), and hatched (com-
plete extrusion of trophectoderm cells and inner cell mass
from the original embryo). Inner cell mass was grades A
(many cells, tightly packed), B (fewer cells, loosely packed),
and C (few cells). Trophectoderm was grades A (many cells
forming a tightly packed layer), B (fewer cell, more loosely
packed), and C (few cells with gaps between them).

PGS was performed at the blastocyst stage by
trophectoderm biopsy of 7–10 cells by a single embryologist
with a noncontact 1.46 μ laser (ZYLOS-tk ®, Hamilton
Thorne, MA, USA). Trophectoderm cells were aspirated by a
20 μ pipet (30° angled flat Humagen pipet, ORIGIO, Cooper
Surgical, USA) and loaded into a PCR tube with 3.0 μl PBS.
No day 3 biopsies were taken during the study period. Whole
genome amplification was performed for all embryos by a
single commercial laboratory using an Illumina CGHmicroar-
ray. Only euploid embryos were transferred.

All embryos were cryopreserved by vitrification (Life
Global®, USA) at the blastocyst stage to negative 196 °C.
After thaw of frozen embryos for FET, embryos were held
and warmed for approximately 4 h prior to FET. Embryo
transfer was standardized for both physicians using Wallace
® transfer catheter under abdominal ultrasound guidance with
the embryo loaded in 10 μl of media. The embryo was placed
1.5 cm from the fundus. Luteal support consisted of Crinone®
8% vaginally twice per day and Prometrium® 200 mg orally
twice per day. No hCG was used for luteal support.

Cycle parameters and patient characteristics were tabulated
for all patients. Clinical pregnancy was defined by fetal cardi-
ac activity and implantation rates were defined as the number
of fetal heartbeats per embryo transferred. Pregnancy loss in-
cluded both biochemical pregnancies and miscarriages.
Associations between embryo expansion and trophectoderm
and inner cell mass scoring at the time of embryo biopsy and
again at the time of embryo transfer were assessed by two-way

ANOVA. Pregnancy outcomes (live birth rate, clinical preg-
nancy, pregnancy loss, and implantation) were assessed by
ANOVA with Bonferroni correction, Kruskal-Wallis with
Dunn’s test where appropriate, and Fisher’s exact test. Chi-
squared and logistic regression were used to analyze the asso-
ciations between trophectoderm grading, embryo expansion,
and pregnancy outcomes. Stata v10 was used for statistical
analysis and p value < 0.05 was considered statistically signif-
icant. Figures were created inGraphPad Prism. This study was
approved by an institutional review board at Staten Island
University Hospital and Northwell Health.

Results

Overall, patients undergoing FET after PGS-CCS with eSET
had excellent pregnancy outcomes—clinical pregnancy rate
was 46% and live birth rate was 42%. Data combined patients
of all ages since only euploid embryos were transferred.
Patients overall had appropriate ovarian reserve and normal
endometrial thickness (Table 1). Patients in the PGS-CCS
group were slightly younger; however, this did not impact
any pregnancy outcomes (implantation, clinical pregnancy,
live birth rate). Embryo grading and expansionwere examined
by two-way ANOVA. Increasing embryo expansion at the
time of biopsy led to higher rates of implantation (SS 1.56,
p = 0.02), clinical pregnancy (SS 1.58, p = 0.02), and live birth
rates (SS 1.85, p = 0.007). Inner cell mass and trophectoderm
grading at the time of biopsy did not affect any of these preg-
nancy outcomes (implantation SS 0.97 p = 0.2, clinical preg-
nancy SS 0.00 p = 0.17, live birth rate SS 0.5, p = 0.41). There
was no statistical relationship between trophectoderm and in-
ner cell mass grading and embryo expansion. All of these
embryo parameters were now analyzed at the time of embryo
transfer. Again, only embryo expansion affected implantation

Table 1 Pregnancy outcomes by
PGS-CCS versus non-PGS-CCS
cycles for elective single embryo
transfer

Pregnancy outcome No PGS (N = 236) PGS (N = 363) p value

Implantation rate (%) 40.3% ± 5.0% 46.3% ± 5.0% 0.15

Clinical pregnancy (%) 39.8% ± 4.8% 46.3% ± 4.9% 0.11

Live birth (%) 36.4% ± 4.8% 42.3% ± 4.9% 0.15

Pregnancy loss (%) 14.8% ± 3.6% 21.8% ± 4.1% 0.03*

Age (years) 35.9 ± 5.8 34.5 ± 4.9 < 0.01*

BMI (kg/m2) 27.1 ± 7.7 27.7 ± 7.3 0.33

AMH (ng/ml) 2.8 ± 3.9 3.1 ± 3.6 0.28

Maximum FSH (mIU/ml) 7.7 ± 4.6 7.3 ± 2.9 0.19

Endometrial thickness (mm) 10.6 ± 2.4 10.7 ± 2.0 0.52

#Eggs retrieved 14.9 ± 8.9 15.9 ± 8.0 0.16

Peak estradiol at egg retrieval (pg/ml) 2274.3 ± 1207.5 2595.3 ± 1128.4 < 0.01*

Data represents patients of all age groups combined. t test used for implantation rate and Chi-squared test used for
all other comparisons

*p < 0.05
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(SS 1.49, p = 0.04), clinical pregnancy (SS 1.51, p = 0.04),
and live birth (SS 1.87, p = 0.01).

Pregnancy outcomes in PGS-CCS cycles with eSET were
now stratified by embryo expansion at the time of embryo
biopsy. Embryo expansion at biopsy was characterized as
non-expanded (blastocoel cavity filling 50–100% of the vol-
ume of the embryo, n = 35), expanded (blastocoel cavity larg-
er than the original embryo, n = 68), and hatching
(trophectoderm cells extruding outside the zona pellucida,
n = 259). Implantation, clinical pregnancy, and live birth rates
drastically improved, and pregnancy loss decreased with in-
creasing embryo expansion at the time of biopsy. Embryos
that were hatching prior to biopsy had superior pregnancy
outcomes (Fig. 1). Live birth rate was higher (OR 25.12,
p < 0.001), clinical pregnancy was higher (OR 11.26,
p < 0.001), and pregnancy loss was lower (OR 0.26,
p < 0.001) (multivariable logistic regression) with more em-
bryo expansion at biopsy. Dismal pregnancy outcomes result-
ed, despite PGS-CCS, when embryos were non-expanded at
the time of biopsy. Specifically, no live birth resulted from a
PGS-CCS euploid embryo that was non-expanded at biopsy.

We wanted to determine whether these findings were at-
tributable solely to embryo expansion at biopsy or whether
further expansion (or lack thereof) by the time of FET-
affected outcomes. Embryo expansion at the time of biopsy
was compared to expansion later at FET.We examined wheth-
er pregnancy outcomes changed if embryos were non-
expanded or expanded at the time of biopsy but subsequently
expanded or were hatching by the time of FET. Thirty-five
non-expanded embryos were biopsied. At the time of subse-
quent FET, 12 were still non-expanded, 4 had expanded, and
19 were hatching. Although some non-expanded embryos at
biopsy later expanded and hatched prior to FET, no live births
resulted from any of these embryos (Table 2). Of the 68 ex-
panded embryos biopsied, 34 were expanded and 34 were
hatching at the time of FET. Despite some live births from

these embryos, pregnancy outcomes overall remained poor
(Table 3).

In a final effort to distinguish embryo expansion effects
from biopsy effects, pregnancy outcomes of PGS-CCS cycles
were compared to fresh eSET without PGS-CCS during the
same study period as well as to FET with eSET but without
PGS-CCS. The purpose was not to make a comparison of
pregnancy rates between the various groups, but only to see
if non-biopsied non-expanded or expanded embryos led to
pregnancies. There were 119 fresh eSET during the study
period. All fresh transfers took place on day 5 and had similar
luteal support to PGS-CCS cycles except that patients used
Crinone® 8% vaginally once (not twice) daily for fresh cy-
cles. For fresh eSETcycles, embryo expansion did not predict
implantation (SS 0.80, p = 0.2), clinical pregnancy (SS 0.08,
p = 0.2), or live birth rates (SS 0.73, p = 0.2) (two-way
ANOVA). There was no interaction between embryo expan-
sion and grade (p all > 0.5). Embryo expansion in these cycles
did not affect pregnancy loss (SS 0.28, p = 0.33). There were
115 FET eSET during the study period without PGS-CCS.
These were performed either to avoid OHSS, in patients with
elevated progesterone levels prior to oocyte retrieval, or elec-
tively. All FET used day 5 embryos and had identical luteal
support to PGS-CCS cycles. For FET eSET cycles without
PGS-CCS, embryo expansion did not predict implantation
(SS 0.49, p = 0.38), clinical pregnancy (SS 0.47, p = 0.40),
or live birth rates (SS 0.95, p = 0.14) (two-way ANOVA).
There was no interaction between embryo expansion and
grade (p all > 0.5). Embryo expansion in these cycles did not
affect pregnancy loss (SS 0.03, p = 0.90). No significant com-
parisons of pregnancy outcomes can be made between these
non-matched groups. However, the fact that fresh and frozen
non-biopsied non-hatching embryos led to many
pregnancies—and virtually no euploid biopsied non-
hatching embryos led to births—seems to implicate the biopsy
as a source of embryo damage.

Fig. 1 Pregnancy outcomes with
PGS-CCS by embryo expansion
at time of embryo biopsy.
*Statistical significance. Includes
all age groups combined. Overall
comparisons made by Kruskal-
Wallis and post hoc Dunn test. All
p values < 0.001 for comparisons
between non-expanded and
hatching as well as between
expanded and hatching. No
significant differences between
non-expanded versus expanded
embryos for any pregnancy
outcomes
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Finally, we recalculated the initial comparisons of implan-
tation rates, live birth rates, and pregnancy loss for eSET be-
tween PGS-CCS and non-PGS-CCS cycles (fresh and frozen
transfers). For this analysis, we only included PGS-CCS cy-
cles where embryos were hatching prior to embryo biopsy.We
see far superior pregnancy rates in all outcomes from PGS-
CCS and eSET and no difference in pregnancy loss as a result
of PGS-CCS (Fig. 2).

Discussion

The application of PGS to routine infertility care has evolved
over the past 10 years. At first, PGS-CCS was reserved for
women of advanced age, recurrent pregnancy loss, or recur-
rent IVF failures. Now, PGS-CCS is commonly employed for
couples of all diagnoses and age. Multiple randomized control
studies demonstrate routine benefit to PGS-CCS [35–39]. Day
3 biopsies were abandoned due to concerns over embryo dam-
age from the biopsy itself and mosaicism [41–44]. However,
from a logistic standpoint, day 3 biopsies were easy to perform
since most embryos advanced to the 8-cell stage at similar
predictable times. Embryologists could easily plan their day
and biopsy most embryos at the same time (provided that egg
retrievals took place at one time). Very little decision making
took place in deciding when to perform the biopsy.

However, there is no consensus as to when to biopsy a
blastocyst embryo. Although informally physicians may com-
ment as to whether they biopsy non-expanded or non-hatching
embryos or perform day 5 versus day 6 biopsies, that data is
largely absent from the literature. From a research standpoint,
most publications do not describe protocols for the timing of
embryo biopsy and provide few details about embryo expan-
sion and biopsy. Many centers probably do not have a formal
policy guiding the timing of biopsy. From a practical stand-
point, embryos continually expand throughout the day and
night. Most embryologists are not in the lab 24 h a day to
observe embryo expansion (closed culture system) or contin-
ually remove and replace embryos from incubators to follow
changes (open culture system). Embryologists must work
based on their schedule. Practices with multiple embryologists
havemore choices as to when to perform embryo biopsies, but
most still choose certain times to assess embryos before they
leave in the afternoon and when they arrive in the morning.
Embryologists must choose whether to biopsy at different
times on day 5 or whether to wait 12–20 more hours and
assess again on day 6, risking increased fragility of an embryo
that has fully hatched out.

We provide compelling evidence that biopsy should only be
performed once an individual embryo is hatching. In our study,
when PGS-CCSbiopsywas performed prior to an embryo hatch-
ing, very poor pregnancy outcomes resulted. PGS-CCS

Table 2 PGS-CCS pregnancy
outcomes of embryos biopsied at
the non-expanded stage stratified
by embryo expansion later at FET

Group Non-expanded at
transfer (n = 12)

Expanded at
transfer (n = 4)

Hatching at
transfer (n = 19)

p value

hCG positive (%) 41.7% 25.0% 47.4% 0.72

Implantation (%) 8.3% 0% 5.3% 0.83

Clinical pregnancy (%) 8.3% 0% 5.3% 0.83

Live birth (%) 0% 0% 0% N/A

Pregnancy loss (%) 41.7% 25% 47.4% 0.72

Includes data for patients of all ages. Again, all embryos were non-expanded at the time of biopsy. Here, we are
looking at outcomes based on expansion later at the time of FET. Comparisons made by Kruskal-Wallis and
Fisher’s exact test were appropriate. Pregnancy loss combinesmiscarriages and biochemical pregnancy outcomes.
No live births occurred in any group

Table 3 PGS-CCS pregnancy
outcomes of embryos biopsied at
the expanded stage stratified by
embryo expansion later at FET

Group Non-expanded at
transfer (n = 0)

Expanded at
transfer (n = 3)

Hatching at
transfer (n = 34)

p value

hCG positive (%) N/A 47.1% 41.1% 0.63

Implantation (%) N/A 20.6% 8.8% 0.17

Clinical pregnancy (%) N/A 20.6% 8.8% 0.08

Live birth (%) N/A 8.8% 5.9% 0.64

Pregnancy loss (%) N/A 38.2% 38.2% 1.0

Includes data for patients of all ages. Again, all embryos were expanded (but not yet hatching) at the time of
biopsy. Here, we are looking at outcomes based on expansion later at the time of FET. Comparisons made by
Kruskal-Wallis and Fisher’s exact test were appropriate. Pregnancy loss combines miscarriages and biochemical
pregnancy outcomes. There were no embryos which were expanded at the time of biopsy but which were non-
expanded at FET
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conferred a large advantage in pregnancy rates over non PGS-
CCS embryos, as long as PGS biopsy was not taken until hatch-
ing occurred. These outcomes appear to be dependent on the
biopsy itself. Even if non-expanded or expanded embryos
hatched after biopsy, they did not produce good outcomes. Our
study was uniform in that one highly experienced embryologist
graded all embryos and performed all interventions. A lab with a
less experienced embryologist or with multiple embryologists
performing biopsies would likely experience a wider array of
outcomes even for hatching embryos. In fresh and frozen cycles
without PGS-CCS, good outcomes were seen in non-expanded
and non-hatching embryos. This suggests that the biopsy itself
mechanically harmed non-hatching embryos, essentially negat-
ing any positive effect of PGS results.

We hypothesize multiple possibilities for embryo damage
from the biopsy. Biopsy of a non-hatching embryo requires
penetration of the zona of the embryo. After ICSI and assisted
hatching, this is potentially a third time in 5 days that the zona
is breached. It is possible that embryo damage can occur sim-
ply from repeated mechanical penetration of the zona which is
avoided when embryos are hatching. Additionally, some blas-
tocyst embryos will arrest in growth. Early biopsy may mask
recognition of embryo arrest. This scenario is less plausible
since we saw implantation and live births from non-expanded
fresh and frozen embryos in our study that had not undergone
PGS-CCS testing. Finally, as the embryo expands and
hatches, visual differentiation between the inner cell mass
and trophectoderm improves. Biopsy of non-hatching blasto-
cysts likely damages the inner cell mass even in the hands of
experienced embryologists.

The major limitation of our study is its retrospective nature.
We did not anticipate such a discrepancy in pregnancy rates
between embryos. We feel at this time the feasibility of a
prospective study is limited until more retrospective data is
collected. We encourage others to report similar data. We have
since changed laboratory protocol to permit only embryo bi-
opsy of hatching embryos. It would be unethical to knowingly

harm embryos by randomizing patients to early biopsy with-
out significantly more data collection. In addition, we com-
bined data for patients of all ages. Declining pregnancy rates
with advancing age are most attributable to increased rates of
aneuploidy. The transfer of euploid embryos largely negates
this problem which is why we have chosen not to group pa-
tients by age. Our smaller sample size precludes meaningful
analysis by SART age groups. However, our data for the past
5 years (not shown) demonstrates similar implantation and
live birth rates per embryo transfer in patients of all ages once
a euploid embryo is found.

The decision of when to perform trophectoderm biopsy is
commonly left to embryologist discretion. Many labs biopsy a
patient’s embryos all at the same time for convenience of
biopsy and shipping. As more patients and physicians com-
monly employ PGS in routine care, the sheer number of em-
bryo biopsies will increase. Larger practices with multiple
embryologists capable of performing biopsies at any time of
day may already have protocols in place for biopsy timing. In
fact, smaller practices with fewer resources may have difficul-
ty performing biopsies on one patient’s embryos at different
times (for instance morning of day 5, afternoon and/or eve-
ning of day 5, and morning of day 6). However, we suggest
that all labs have a protocol for optimal results.

Conclusions

In a general population of infertility patients, PGS-CCS and
eSETafter FETcan provide superior live birth rates. However,
blastocyst embryos should not be biopsied until they are
hatching as earlier biopsy seems to damage embryos and dras-
tically lower pregnancy rates. If embryos are not hatching by
the time of embryologist availability for trophectoderm biopsy
on day 5, labs should strongly consider embryo culture to day
6 to allow extra time for hatching prior to biopsy.

Fig. 2 Pregnancy outcomes for PGS-CCS of hatching embryos only
compared to fresh and frozen non-PGS-CCS cycles with elective single
embryo transfer. *Statistical significance. Includes all age groups com-
bined. PGS-CCS cycles only include outcomes for embryos which were
hatching at the time of embryo biopsy. Non-expanded and expanded

embryos were excluded from this analysis. Overall comparisons made
by Kruskal-Wallis and post hoc Dunn test. All p values < 0.001 for com-
parisons between FET PGS-CCS and fresh transfer as well as FET PGS-
CCS and FET without PGS-CCS. No differences in any pregnancy out-
comes were seen between fresh transfer and FET without PGS-CCS
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