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Objective: To assess whether the change in embryo morphology from precryopreservation to postthaw is associated with the embryo
transfer success rates in single euploid embryo transfer cycles.

Design: Retrospective cohort study.

Setting: Academic affiliated fertility clinic.

Patient(s): Patients who underwent a single euploid embryo transfer cycle from September 2016 to April 2022 were included. A de-
cision support tool was used to assign each embryo a reproductive potential score on the basis of the day of biopsy, expansion, and grade
of trophectoderm and inner cell mass at the time of cryopreservation and after thaw. Embryos were divided into 4 groups: group 1
included embryos with the same score after thaw (reference); group 2 included those with a higher score; group 3 included those
with a lower score; and group 4 included those that did not re-expand after thaw.

Intervention(s): No interventions administered.

Main Outcome Measure(s): The primary outcome was the live birth rates (LBRs) per embryo transfer. The secondary outcomes included
the chemical pregnancy, clinical pregnancy, and clinical pregnancy loss rates. Comparative statistics and univariate analyses were per-
formed using the Kruskal-Wallis and x*tests. Multivariate logistic regression fitted with generalized estimating equation was performed
to compare the odds of live birth between groups.

Result(s): A total of 7,750 embryo transfers performed for 4,613 patients met inclusion criteria: 5,331 in group 1; 486 in group 2; 1,726
in group 3; and 207 in group 4. In the univariate analysis, there was a statistically significant difference in the LBR between groups 1, 2,
3, and 4 (55.8% vs. 51.4%, 47.5%, and 26.6%). Logistic regression controlling for oocyte age, antimiillerian hormone, body mass index,
endometrial thickness, year of embryo transfer, time from thaw to final grading, and embryo score before cryopreservation showed
significantly lower odds of live birth when the embryo was downgraded (odds ratio [OR], 0.70; confidence interval [CI], 0.62-0.79)
or did not re-expand (OR, 0.36; CI, 0.26-0.51) than those with no change in score. When controlling for all variables, there was a
significant increase in the odds of live birth between embryos that had a higher score after thaw and those without a change (OR,
1.42; CI, 1.14-1.76). There was no significant difference in the clinical pregnancy loss rate among the 4 groups.

Conclusion(s): The change in the quality of the embryo after thaw is an important factor in embryo transfer success. In an adjusted
analysis, the chemical and clinical pregnancy rates and LBR per embryo transfer all significantly decrease in embryos that were down-
graded or did not expand on the day of single euploid embryo transfer. Embryos that re-expand and have improved quality after thaw
have the highest odds of live birth. (Fertil Steril® 2024; Il :ll - . ©2024 by American Society for Reproductive Medicine.)
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he first successful live birth from
T embryo cryopreservation, the

process of freezing embryos in
liquid nitrogen, resulted in 1983 (1).
Although cryopreservation initially em-
ployed a slow-freeze technique, the
development of vitrification increased
the cooling rate, reduced the volume of
cryoprotectant, and minimized the pro-

duction of ice crystals by solidifying the
sample into a noncrystalline phase. By
eliminating the crystalline phase, em-
bryos avoid osmotic changes that can
cause ice crystal formation and cellular
damage (2). Vitrification has been
shown to be superior to slow freeze
with regard to the thaw survival and
clinical pregnancy rates per cycle (3).
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Before an embryo being vitrified,
morphological analysis is conducted
to evaluate the embryo. The Gardner
grading system evaluates embryos on
the basis of blastocele expansion and
hatching status, size and compactness
of inner cell mass (ICM), and cohesive-
ness and number of trophectoderm cells
(4). This widely used system is based on
visual information obtained by an
embryologist, making it subject to vari-
ability (5). Each parameter is scored
independently according to the
following modified Gardner criteria.
Expansion is graded from 1-6, with 1
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being early blastocyst development, 4 being <50% hatched
from the zona pellucida, and 6 being hatched out of the
zona pellucida. The ICM and trophectoderm are graded from
A to D. For blastocysts graded as 3-6 (i.e., full blastocysts on-
ward), the development of the ICM was assessed on the
following scale: A, is tightly packed and has many cells, to
D, has very few cells. The trophectoderm was assessed on
the following scale: A, has many cells forming a cohesive
epithelium, to D, has very few large cells. The final alpha-
numeric score for each embryo is composed of the score as-
signed from each parameter (6). The use of the Gardner
scoring system has revealed a strong correlation between
the morphology of blastocysts and implantation and preg-
nancy rates (7). It also assists in selecting the single highest
scoring embryo for transfer to reduce the number of in vitro
fertilization pregnancies resulting in multiple gestations.

At our institution, we use a modified Gardner grading
system, as previously described, in addition to an internal
scoring system on the basis of the day of embryo cryopreser-
vation, expansion, ICM, and trophectoderm grade as an em-
bryo selection support tool (8). This tool, using a composite
score of these factors, was created on the basis of internal
data on the implantation, ongoing pregnancy, and live birth
rates (LBRs) (9). The tool supports the embryologist’s decision
making by providing a total score and rank of a patient’s em-
bryos to choose the best embryo for transfer.

Both the Gardner scoring system and our internal scoring
system evaluate embryos’ reproductive potential on the basis
of characteristics at the time of cryopreservation. When
thawed, embryos use their energy to re-expand and should
resume the stage of cell division they were in before cryopres-
ervation. However, the extent of re-expansion and grading
may change after embryo thaw (10-19). The objective of
this study was to assess whether the change in overall
embryo morphology after thaw, as indicated by a change in
score, is associated with the embryo transfer success rates in
single euploid embryo transfer cycles.

MATERIALS AND METHODS
Participants and study design

This was a retrospective, single-academic-center study that
included single euploid embryo transfer cycles from
September 2016 to April 2022. Cycles were included if a sin-
gle, euploid, autologous frozen embryo transfer in a synthetic
endometrial preparation cycle was performed. Patients using
donor oocytes, gestational carriers, rebiopsied embryos, or
mosaic embryos or with a diagnosis of intrauterine synechiae
(Asherman syndrome), uterine malformations, uterine fi-
broids, and recurrent pregnancy loss were excluded. Multiple
cycles for individual patients were included.

Demographic and cycle information included age, body
mass index (BMI), antimiillerian hormone (AMH), endome-
trial thickness before progesterone start, and year of embryo
transfer. Embryo information included the day of blastocyst
biopsy and cryopreservation, extent of embryo expansion,
quality of the ICM and trophectoderm before cryopreserva-
tion and after thaw, and time from embryo thaw to final
grading at the time of embryo transfer.

All embryos were routinely given an alphanumeric grade
before embryo cryopreservation. At our institution, a decision
support tool on the basis of previous published data is used to
rank a patient’s embryos to determine the embryo with the
highest reproductive potential for transfer (9). This tool is based
on the modified Gardner grading. To create the initial algo-
rithm, as described by Friedenthal et al. (9), a mixed-effect lo-
gistic model for the outcome of implantation was created by
analyzing single euploid embryo transfer cycles on the basis
of embryo grading before cryopreservation. The embryo day
of biopsy/cryopreservation, expansion, morphology of ICM,
and morphology of trophectoderm were the parameters used
to predict the probability of implantation. Odds ratios (ORs)
from these models were then used as weighted multipliers to
create a composite score on the basis of the parameters for
each embryo (9).

In this study, the decision support tool was used to assign
each individual embryo a score at the time of cryopreserva-
tion and a score on the basis of grading after thaw. These
scores were compared with determine whether the postthaw
embryo was graded the same as it had been before cryopres-
ervation or whether it was given a higher or lower overall
grade. This change was determined by comparing the scores
generated by the decision support tool. Embryos that did
not re-expand after thaw were categorized separately. These
embryos were determined to have not re-expanded on the ba-
sis of the lack of blastocoel cavity. Therefore, they could not
be assigned a morphological grade.

Embryos in group 1 had the same score before cryopres-
ervation and after thaw. Group 2 included embryos that had a
higher (improved) score after thaw, group 3 included embryos
that had a lower (poorer) score after thaw, and group 4
included embryos that did not re-expand after thaw and,
thus, were not given grades for ICM or trophectoderm and,
as a result, could not be scored.

The chemical pregnancy, clinical pregnancy, and clinical
pregnancy loss rates and LBRs were calculated and compared
between groups. This study was approved by the Institutional
Review Board at Icahn School of Medicine at Mount Sinai,
with a waiver of consent for retrospective analysis of deiden-
tified data.

Procedures

All patients underwent in vitro fertilization stimulation cycles
with treatment protocols at the discretion of their physician.
Patients underwent controlled ovarian hyperstimulation, as
previously described (18). Final trigger shot of compounded
human chorionic gonadotropin or gonadotropin-releasing
hormone agonist or both were administered for final oocyte
maturation when patients met criteria on the basis of ultra-
sound findings and estradiol levels (20). The vaginal oocyte
retrieval was performed 36 hours after trigger administration
(20). Oocytes were stripped of cumulus cells and fertilized us-
ing intracytoplasmic sperm injection. Injected oocytes were
checked 1 day after vaginal oocyte retrieval for fertilization,
and embryos were cultured out to the blastocyst stage up to
day 7, as needed. Laboratory procedures regarding embryo
culture and biopsy techniques were previously described by
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Hernandez-Nieto et al (8). When the embryos reached blasto-
cyst stage appropriate for biopsy and cryopreservation, they
were given a morphological modified Gardner system grade
on the basis of the extent of embryo expansion and quality
of ICM and trophectoderm (8). Day 5 embryos in our labora-
tory are routinely graded the afternoon of biopsy, and day 6
and 7 embryos are graded the morning of biopsy. Embryos
are re-examined at the time of biopsy and given a final grade
before biopsy and cryopreservation. Embryos then typically
undergo vitrification within 1 hour after biopsy. Our institu-
tion began routinely collapsing any embryos that re-
expanded before vitrification on January 1, 2021.

Biopsied samples were sent out for preimplantation ge-
netic testing for aneuploidy (PGT-A) using next-generation
sequencing. Multiple PGT-A reference laboratory test results
were used over this time period. The results on the presence
of aneuploidy, euploidy, or mosaicism or an indeterminate
result was reported by the PGT-A laboratory.

For standardization and per typical clinical practice, single
euploid embryo transfers in this study were performed in a
synthetic preparation cycle. The uterine cavity was prepared
with micronized oral estradiol (Estrace; Teva Pharmaceuticals,
Parsippany, NJ) 2 mg twice daily for 4 days and then 2 mg 3
times daily, with additional dosing regimens per physician
discretion. After a minimum of 9 days of estradiol administra-
tion, transvaginal ultrasonography was performed to assess
endometrial thickness. When an adequate thickness was
achieved, with a goal of at least 8 mm, 50 mg of intramuscular
progesterone in oil (Watson Pharma, Inc., Parsippany, NJ) or a
combination of 100 mg of vaginal progesterone twice daily
and 200 mg of oral progesterone 3 times daily was adminis-
tered. After starting the progesterone, patients were brought
in 1-3 days before embryo transfer for a final ultrasound to
ensure no contraindication for embryo transfer, such as fluid
in the cavity, and evaluate progesterone levels. For all cases,
thawing and transfer of the embryos were performed on the
sixth day of progesterone supplementation regardless of the
day of embryo development at the time of cryopreservation
(21).

When more than 1 embryo was available for thaw, the
embryo chosen for transfer is determined by the embryologist
with the use of the scoring support tool. The score is generated
on the basis of the embryo’s reproductive potential, as deter-
mined in previously published work on our center’s experi-
ence with embryos of similar age, expansion, and grades.
The scoring model is a composite score and may reflect a
change in the expansion, ICM, or trophectoderm after thaw-
ing. The individual parameter that changed was not the focus
of this study because the combination of factors allows for a
more complete assessment on embryo reproductive potential.
This scoring system was described in more detail by Frieden-
thal et al. (9), and the heat map from that study is shown in
Supplemental Figure 1 (available online) for further under-
standing of the comparative reproductive potential of em-
bryos at our clinic.

The embryo chosen for thaw underwent a standard
warming process (22). After thaw, embryologists are assessing
for blastocoel re-expansion and embryo morphology and
ensuring that the embryo survived the thawing process.

Fertil Steril®

They are evaluating the quality of the cells in the embryo—
the size, cellular membranes, and signs of necrosis and degen-
eration. Those that do not survive typically have lysed cells
with degenerate cytoplasm. In such cases, the patient would
be made aware, and a second embryo would be thawed, or
the transfer would be cancelled. The embryo thaw survival
rate in our laboratory between 2016 and 2022 was 97.5%.
Embryos were given a final expansion and morphology grade
at the time of transfer. This is the grade that is placed in the
electronic medical record and used in this study for compar-
ison. The time of embryo thaw and embryo transfer was docu-
mented, and time lapse between thaw and final grading was
calculated. The embryologists who provided the grade before
cryopreservation and after thaw were also documented.

The embryo transfer procedure itself was performed in the
operating room, without anesthesia and under transabdomi-
nal ultrasound guidance. The typical protocol is to perform
trial transfer followed by direct transfer using the Wallace
18 catheter; however, physicians can use their discretion for
the use of more rigid catheters or after-load technique (8).

Outcome measures

The primary goal was to determine the association between a
change in embryo score after thaw and LBR per embryo
transfer.

The secondary outcomes analyzed were the chemical
pregnancy rate (positive 8-human chorionic gonadotropin
per embryo transfer), clinical pregnancy rate (presence of
gestational sac(s) on ultrasound per embryo transfer), and
clinical pregnancy loss rate (pregnancy loss after visualiza-
tion of a gestational sac on ultrasound). Embryos with the
same score before cryopreservation and after thaw were
considered the reference group (group 1). All outcomes for
embryos with a higher score after thaw (group 2), embryos
that were downgraded after thaw (group 3), and embryos
that did not re-expand after thaw (group 4) were all compared
with those for group 1.

Statistical analysis

Statistical analyses were performed using SAS version 9.4
(SAS Institute, Inc., Cary, NC). Patient, cycle, and embryo spe-
cific data were compared between the groups. Continuous
data were reported as means + standard deviations with the
Clopper-Pearson binomial 95% confidence intervals (Cls).
Comparative statistics were performed using the Kruskal-
Wallis test for continuous data. Multiple comparison analysis
on the basis of the post hoc Dwall-Steel-Critchlow-Fligner
method pairwise 2-sample Wilcoxon comparisons was also
performed, using the pairwise comparison to evaluate where
significant differences between specific groups were.

Univariate analysis was performed using the x’test to
compare the chemical pregnancy, clinical pregnancy, and
clinical pregnancy loss rates and LBR between all 4 groups.
Bonferroni correction was used for categorical outcomes, ad-
justing the P value to <.016 (for 3 comparisons).

A multivariate logistic regression analysis fitted with a
generalized estimating equation (GEE) was performed on
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the primary outcome of live birth per embryo transfer and sec-
ondary outcomes of chemical pregnancy and clinical preg-
nancy per embryo transfer and clinical pregnancy loss per
pregnancy. Analysis was conducted controlling for oocyte
age, AMH, BMI, endometrial thickness at the time of proges-
terone initiation, year of embryo transfer, time from embryo
thaw to embryo transfer, and embryo score at the time of
cryopreservation. The GEE was used to account for the pres-
ence of individual patients with multiple cycles. Adjusted
ORs for all cycle outcomes were calculated with group 1 being
the reference group.

Pvalue
009
.65

.003
555
410

<.0001
<.0001
body mass

Group 4
(n = 207, 2.7%)
36.1 +£ 3.8
241 +44
3.3+43
9.1+ 15
4 h and 30 min £ 1 h and 2 min
23+13

RESULTS

After applying the inclusion and exclusion criteria, a total of
4,613 unique patients who underwent a total of 7,750 single
euploid embryo transfer cycles were included: 5,331 cycles in
group 1 (no change in score, 68.7%); 486 in group 2 (higher
score, 6.3%); 1,726 in group 3 (downgraded score, 22.3%);
and 207 in group 4 (lack of re-expansion, 2.7%). Demo-
graphic and cycle data are presented in Table 1. There was a
significant difference in oocyte age and AMH level between
groups. There was no significant difference in the time from
embryo thaw to embryo transfer when the final grade was
given. The mean times from thaw to final embryo grading
in groups 1-4 were 4 hours and 34 minutes, 4 hours and 32
minutes, 4 hours and 37 minutes, and 4 hours and 30 minutes,
respectively (P=.410).

The embryologists who graded the embryo before cryo-
preservation and after thaw were recorded. The embryologist
who graded the embryo after thaw was different from the
embryologist who graded the embryo before cryopreservation
98.2% of the time. The likelihood of a different embryologist
performing grading was not different between groups
(P=.781). When the same embryologist graded the embryo
before cryopreservation and after thaw, there was a change
in embryo score 28.1% of the time, which was similar to
when a different embryologist graded after thaw, with a
change in score 31.3% of the time (P=.438).

Embryo scores before cryopreservation were significantly
different among groups. The mean embryo scores in groups
1-4 were 3.57 + 1.17, 2.29 £+ 0.89, 3.62 + 1.12, and 2.37 +
1.37, respectively (P<.0001). Pairwise analysis showed that
a significant difference was found between groups 1 and 2
and groups 1 and 4. There was no significant difference in em-
bryo score before cryopreservation between groups 1 and 3
(P=.683) or groups 2 and 4 (P=.998). Thus, groups 2 and 4
had similarly low scores before cryopreservation yet were in
different groups because of the different direction of change.

Cycle outcomes were calculated for each group individu-
ally. In the univariate analysis, there was a statistically signif-
icant difference in the LBR between the groups. The LBRs in
groups 1-4 were 55.8%, 51.4%, 47.5%, and 26.6%, respec-
tively (P<.00001). Similarly, there was a significant differ-
ence between the chemical pregnancy rate and clinical
pregnancy rate per embryo transfer between the 4 groups,
as shown in Table 2. For all patients with clinical pregnancies,
clinical pregnancy loss was not statistically significantly
different between groups. The clinical pregnancy loss rates

Group 3
(n = 1,726, 22.3%)
35.6 + 3.9
242 +4.6
3.4+ 3.6
92+15
4 h and 37 min £ 58 min

3.6+ 1.1

294+0.9

Group 2
(n = 486, 6.3%)
356+4.0
245 +£4.9
3.0+28
92+15
4 h and 32 min £ 52 min
22+038
3.0+ 1.1

354 +39
242 +45
354+ 34
92+ 16
4 h and 34 min £ 58 min
35+ 1.1

3.57 £ 1.1
Note: Group 1, no change in score from precryopreservation to postthaw; group 2, improved score after thaw; group 3, downgraded score after thaw; and group 4, lack of re-expansion resulting in no score after thaw. AMH = antimdillerian hormone; BMI

index; ET = embryo transfer.

Group 1
(n = 5,331, 68.7%)

(hours and minutes)
Embryo score at cryopreservation

Patient, cycle, and embryo characteristics.
Embryo score at ET

Time from embryo thaw to embryo transfer
Bergin. Postthaw embryo score changes. Fertil Steril 2024.

Endometrial thickness (mm)

TABLE 1
Variables
Oocyte age (y)
BMI (kg/m?)
AMH (ng/mL)
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TABLE 2

Embryo transfer outcomes.

Group 1 Group 2 Group 3 Group 4
Outcomes (n = 5,331) (n = 486) (n =1,726) (n = 207) Pvalue
Chemical pregnancy rate (%) (n) 78.8% (4,202) 73.8% (359) 68.9% (1,190) 43.0% (89) <.0001
Clinical pregnancy rate (%) (n) 66.0% (3,519) 62.3% (303) 57.9% (1,000) 34.3% (71) <.0001
Clinical pregnancy loss rate (%) (n) 15.4% (542) 17.5% (53) 18.1% (181) 22.5% (16) .079
Live birth rate (%) (n) 55.8% (2,977) 51.4% (250) 47.4% (819) 26.5% (55) <.0001

Note: The pregnancy, clinical pregnancy, and live birth rates were calculated per embryo transfer. The clinical pregnancy loss rate was calculated per clinical pregnancy, defined as visualization of

gestational sac on ultrasound.

Bergin. Postthaw embryo score changes. Fertil Steril 2024.

in groups 1-4 were 15.4%, 17.5%, 18.1%, and 22.5%, respec-
tively (P=.079). All outcomes are represented in Table 2 and
Figure 1.

Multivariate logistic regression fitted with GEE and con-
trolling for oocyte age, AMH, BMI, endometrial thickness,
year of embryo transfer, time from thaw to final embryo
grading, and embryo score at the time of cryopreservation
showed significantly lower odds of live birth when the em-
bryo was downgraded (OR, 0.70; CI, 0.62-0.79; P<.0001)
or did not re-expand (OR, 0.36; CI, 0.26-0.51; P<.0001)
than those with no change in score. There was a significant
improvement in the odds of live birth between embryos that
had an improved score and those without a change (OR,
1.42; CI, 1.14-1.76; P=.002).

Groups 2 and 1 showed similar odds of chemical preg-
nancy (OR, 1.17; CI, 0.91-1.51; P=.22). However, embryos
in group 2 with an improved score after thaw had higher
clinical pregnancy rates per embryo transfer (OR, 1.43; CI,
1.13-1.79; P=.002). Clinical pregnancy loss was not different
between these groups (OR, 0.98; CI, 0.68-1.40; P=.891).

Group 3 showed significantly lower odds of chemical
pregnancy (OR, 0.57; CI, 0.50-0.66; P<.0001) and clinical
pregnancy (OR, 0.71; CI, 0.63-0.80; P<.0001) per embryo
transfer than group 1. Clinical pregnancy loss was not
different between these groups (OR, 1.09; CI, 0.90-1.31;
P=.376).

W Group 1
60
2 50
j
£ 40
o
30
20
10 I I
0

Pregnancy Rate

m Group 2
Group 3

Group 4

Implantation Rate  Clinical Pregnancy Live Birth Rate

Loss Rate

Univariate analysis on embryo transfer outcomes by group.
Bergin. Postthaw embryo score changes. Fertil Steril 2024.

Group 4 showed significantly lower odds of chemical
pregnancy (OR, 0.26; CI, 0.20-0.36; P<.0001) and clinical
pregnancy (OR, 0.35; CI, 0.25-0.48; P<.0001) per embryo
transfer than group 1. Clinical pregnancy loss was not
different between these groups (OR, 0.75; CI, 0.42-1.34;
P=.339).

The multivariate regression effect size and CIs for each
outcome are shown in Figure 2.

Although our protocol on routinely recollapsing any em-
bryos that re-expand between biopsy and cryopreservation
changed during this study (2021), we did include year in
our logistic regression to attempt to account for changes in
the laboratory over time. Additionally, a subanalysis was per-
formed on the outcome of live birth by group for the years
before routine collapsing (2016-2020) and the years after
routine collapsing (2021-2022), and the findings were
unchanged.

DISCUSSION

In the retrospective study by Gardner et al. (7) that validated
the Gardner Schoolcraft scoring system, embryo transfers
involving high-scoring embryos were shown to result in the
highest pregnancy rates. Since then, numerous studies have
been published showing that the embryo scores on the basis
of morphology are associated with embryo transfer outcomes
(21, 23-25). Ultimately, selecting the most favorable embryo
increases the chance of live birth per embryo transfer,
decreasing the number of transfers required for successful
live birth, and saving patients’ time and money, as well as
physical and emotional energy that assistive reproductive
technology requires. With the development and utilization
of PGT, most embryos in our practice undergo the
cryopreservation and thawing process. Data on how
morphology and expansion may be affected by the
cryopreservation and thawing process are limited. Postthaw
embryo quality assessment may provide additional
information that may be useful for clinicians and their
patients in predicting success of embryo transfer after thaw
and understanding outcomes.

Our institution’s scoring system includes parameters that
are commonly used: day of blastocyst vitrification; degree of
expansion; ICM; and trophectoderm quality. The parameters
are combined into a score that has been previously studied
and supported (9). The benefits of using a composite score al-
lows the embryo to be graded as a whole on the basis of
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Chemical Pregnancy Group 2 vs 1
Group3vs1

Group 4 vs 1

Clinical Pregnancy Group 2 vs 1
Group3vs1

Group4vs 1

Clinical Pregnancy Loss Group 2 vs 1

Group3vs1l

Group4vs 1
Live Birth Group 2 vs 1
Group3vs1

Group4vs 1 ——

0 02 04

06 0.8 1 1.2 14 1.6 1.8

Odds Ratio Effect Size with 95% Confidence Interval

Odds of chemical pregnancy, clinical pregnancy, clinical pregnancy loss, and live birth between groups using multivariate regression analysis fitted
with a generalized estimating equation and adjusted for oocyte age, body mass index, antimullerian hormone, endometrial thickness, year of
embryo transfer, time from embryo thaw to grading, and embryo score before cryopreservation.

Bergin. Postthaw embryo score changes. Fertil Steril 2024.

known embryo transfer success rates for that combination of
parameters, rather than relying on a change in 1 aspect of the
embryo. This support tool allows for distinction between em-
bryos with similar grading, e.g., when some parameters are
the same and others are different between embryos and it is
not clear which parameter to prioritize. The tool takes away
subjectivity in prioritization of a single component with the
use of a score on the basis of the combination of parameters.

In this large cohort study, we examined the association of
change in postthaw euploid embryo parameters and assistive
reproductive technology outcomes. We used the described
scoring system to facilitate comparability between all embryo
parameters as a whole before cryopreservation and after
thaw. Previous studies examining postthaw embryo parame-
ters have examined independent grades and re-expansion as
indicators of embryo potential (10, 11). Studies have found
that the degree of re-expansion was correlated with the clin-
ical pregnancy rates and LBRs, indicating that blastocyst re-
expansion after thaw is an important factor (12-14). Coello
et al. (19) more specifically found that the initial and
minimum blastocele areas were the most predictive of
implantation of those studied. Day of blastocyst
vitrification has consistently been shown to be associated
with outcomes, with slower growing embryos resulting in
lower success rates (8, 15-18). Sekhon et al. (10) showed
that a downgrade in ICM specifically was associated with
lower odds of implantation.

In the current study, when controlling for variables
including embryo score before cryopreservation, embryos

that had an improved score after thaw had higher odds of clin-
ical pregnancy and live birth. Although those embryos with an
improved, upgraded score had a lower overall score than those
with no change, there were higher odds of clinical pregnancy
and live birth in the adjusted analysis. This suggests that the
absolute score of the embryo after thaw may not be as predic-
tive of embryo transfer outcome as how the score changed
from the time of cryopreservation. It is possible that expecta-
tions for embryos that may be considered poor quality either
before cryopreservation or after thaw could be adjusted
when evaluating the change in embryo morphology after thaw.

Embryos that were downgraded overall in the scoring
model had significantly lower odds of pregnancy, clinical
pregnancy, and live birth. Despite beginning as high-quality
embryos, the decrease in score after thaw was associated
with lower LBRs compared with embryos that stayed the
same or were upgraded. Although they had a similar absolute
postthaw grade as the embryos that improved, their preg-
nancy outcomes were significantly lower. This, again, pro-
vides insight on how the change in score is meaningful.
Embryos that were not given a grade because of their lack
of re-expansion had the lowest pregnancy rates and LBRs
among all groups.

Despite the differences in the pregnancy and clinical
pregnancy rates and LBR, physicians and patients can be re-
assured that there was no difference in the clinical pregnancy
loss rates between the groups. When a gestational sac is iden-
tified on ultrasound, the change in embryo grading after thaw
did not appear to impact the clinical pregnancy loss rates.
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Overall, the change in quality after thaw may reflect the
intrinsic ability of the embryo to implant. The vitrification and
thawing process may act as a “stress test” for embryos. Embryos
that maintain their quality through the cryopreservation process
and continue to improve after thaw appear to have a higher
chance of pregnancy and live birth. Embryos that begin as
high-quality embryos before cryopreservation but then have
lower quality after thaw have lower pregnancy rates and LBRs
than those with the same initial score that maintain their grading
after thaw. Embryos that lack the ability to re-expand enough to
receive an ICM or trophectoderm grade after thaw have the
lowest odds of resulting in pregnancy and live birth. This situa-
tion may occur because of inherent quality issues of the embryo;
however, the laboratory technique cannot be ruled out.

Embryos that are downgraded or do not re-expand after
thaw still have clinically significant LBRs and should
continue to be used with an understanding of these findings.
Although at this time it is not possible to predict how an em-
bryo will perform after thaw, exploration of modifiable and
nonmodifiable factors associated with a change in embryo
score is an area of future research. This would allow patients
to be counseled more thoroughly and provide opportunity for
more personalized care.

The strengths of our study include the number of cycles
and use of an internally validated scoring system to quantify
the overall quality of an embryo at different times. The inclu-
sion of the time of embryo thaw to time of final embryo
grading strengthens our study by showing that there was no
difference in the time that the embryos had opportunity to
re-expand and be regraded. The limitation of our study
include its retrospective nature and the inherent subjective-
ness of the embryo grading process that leads to the embryo
score, which is encountered in any study using the Gardner
scoring system. In our institution, embryos were often graded
by a different embryologist before cryopreservation and after
thaw; however, our embryologists undergo extensive internal
training on the embryo grading process for consistency. In
addition, we analyzed the data on the embryologist perform-
ing the grading before cryopreservation and after thaw, and
there were similar rates of embryo grade change whether
the embryo was graded by the same embryologist or a
different one after thaw. The frequency of having a different
embryologist perform the grading after thaw was also similar
between groups. Further studies may include the use of
captured images before cryopreservation and after thaw for
consistent grading purposes.

CONCLUSION

Grading embryos after thawing provides clinically useful in-
formation on embryo potential. Embryos that retain the
same score or are upgraded are more likely to result in live
births than those that are downgraded or do not re-expand.
Directionality of the change in the score after thaw may be
helpful in anticipating likelihood of embryo transfer success
on the day of the procedure or retrospectively understanding
outcomes.

Scores assigned after thawing may provide useful
insights into a patient’s fertility because recurrence of down-

Fertil Steril®

graded or collapsed embryos may be reflective of an intrinsic
process that is contributing to pregnancy success. Further
studies are needed to confirm this relationship. Sibling em-
bryo comparisons may allow for distinguishing whether the
change in score after thaw is entirely embryo specific or per-
sists in a cohort of embryos. As artificial intelligence becomes
more widely used, computers may be able to assist with more
consistent and objective scores for embryos, reducing inter-
observer and intraobserver biases.
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