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Abstract

Background

To assess the predictive value of patient characteristics, controlled ovarian stimulation and
embryological parameters on the live birth outcome of single euploid frozen-warmed blasto-
cyst transfer (FBT).

Methods

This was a retrospective cohort study including 707 single FBTs after preimplantation
genetic testing for aneuploidy (PGT-A) that were performed from October 1, 2015, to Janu-
ary 1, 2018. The effects of patient-, cycle- and embryology-related parameters on the live
birth outcome after FBT were assessed.

Results

In the subgroup analysis based on live birth, patients who achieved a live birth had a signifi-
cantly lower body mass index (BMI) than patients who did not achieve a live birth (22.7
(21.5-24.6) kg/m? vs 27 (24-29.2) kg/m?, p<0.001). The percentage of blastocysts with
inner cell mass (ICM) A or B was significantly higher among patients achieving a live birth, at
91.6% vs. 82.6% (p<0.001). Day-5 biopsies were also more prevalent among patients
achieving a live birth, at 82.9% vs 68.1% (p<0.001). On the other hand, the mitochondrial
DNA (mtDNA) levels were significantly lower among cases with a successful live birth, at
18.7 (15.45-23.68) vs 20.55 (16.43-25.22) (p = 0.001). The logistic regression analysis
showed that BMI (p<0.001, OR: 0.789, 95% CI [0.734-0.848]), day of trophectoderm (TE)
biopsy (p<0.001, OR: 0.336, 95% CI [0.189—-0.598]) and number of previous miscarriages
(p=0.004, OR: 0.733, 95% CI [0.594—0.906]) were significantly correlated with live birth.
Patients with elevated BMls, cycles in which embryos were biopsied on day-6 and a higher
number of miscarriages were at increased risks of reduced live birth rates.
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Conclusion

A high BMI, an embryo biopsy on day-6 and a high number of miscarriages negatively affect
the live birth rate after single euploid FBT.

Introduction

Chromosomal aneuploidy is present in approximately 50% of embryos throughout preimplan-
tation development and is a consequence of errors occurring during gametogenesis and early
mitotic divisions that lead to implantation failure, spontaneous abortion, and the birth of a
child with a trisomic condition [1]. The main goal of preimplantation genetic testing for aneu-
ploidy (PGT-A) is to select euploid embryos for subsequent transfer. PGT-A has been per-
formed in in-vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) for different
indications, such as advanced maternal age (AMA), repeated implantation failure (RIF), recur-
rent miscarriage (RM), severe male factor infertility and elective single-embryo transfer
(eSET) [2].

After day 3, PGT-A of nucleated blastomeres by fluorescence in situ hybridization (FISH)
failed to demonstrate an improvement in clinical outcomes [3-10]. The emergence of newer
technologies, such as array comparative genomic hybridization (aCGH), single nucleotide
polymorphism (SNP) array, quantitative polymerase chain reaction (QPCR) and next-genera-
tion sequencing (NGS) with multicellular trophectoderm biopsy have led to more favorable
outcomes with comprehensive chromosomal screening [11-14]. However, not all IVF labora-
tories utilizing PGT-A have demonstrated improved outcomes with this approach. The incon-
sistencies in the results obtained from laboratories utilizing PGT-A are due to the fact that
PGT-A is a technology that relies heavily on multiple laboratory procedures. Extended embryo
culture, trophectoderm biopsy and cryopreservation with vitrification are all essential compo-
nents that are required to obtain optimal results by PGT-A. In addition to embryological
parameters, clinical variables, such as parameters for controlled ovarian stimulation (COH)
and those for endometrial preparation for frozen embryo transfer (FET) are associated with
differences in IVF/ICSI outcomes, adding to the complexity of achieving IVF/ICSI success.
Nevertheless, current data are very limited and rely mostly on patients with a good prognostic
background.

The predictive factors for live birth after IVF/ICSI treatment with eSET have long been
studied. In a recent prospective observational cohort study, eSETs in 8,451 IVF/ICSI treat-
ments in 5,699 unselected consecutive couples were analyzed, and embryo score, treatment
history, number of oocytes, total dose of FSH administered, female age, infertility cause, endo-
metrial thickness, and female height were all found to be independent predictors of live birth
[15]. However, there is a paucity of data on the predictive factors for live birth after single
euploid frozen-warmed blastocyst transfer (FBT).

In this retrospective analysis, our aim was to determine which factors were associated with
live birth rates after single euploid FBT.

Material and methods

Data from 1,747 cycles with intent for PGT-A were collected from Bahceci Fulya IVF Center
(Istanbul) from October 1, 2015, to January 1, 2018. Of these cycles, 1,397 reached the embryo
biopsy stage and 978 were found to have at least one euploid embryo for FBT. The study
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1,747 patients started COH for PGT-A

48 cycles cancelled for lack of follicular growth
74 cycles cancelled for lack of oocytes/mature oocytes
24 cycles showed fertilization failure/embryonic arrest
204 cycles cancelled for lack of suitable blastocyst for biopsy

1,397 had at least one eligible blastocyst for TE biopsy

22 cycles contained embryos with inconclusive results
397 cycles cancelled for lack of euploid embryos

978 had at least one euploid blastocyst for FBT

142 cycles underwent double-embryo transfer
32 cycles had ETs scheduled but not yet performed

21 cycles showed an endometrial thickness is <7 mm

10 cycles had abnormal endocrine, systemic and uterine pathologies
12 cycles had embryos that degenerated after warming

39 cycles with missing patient and COH parameters

15 cycles had patients who were lost to follow-up

707 were included in the study

Fig 1. Flowchart of cycles included in the study.
https://doi.org/10.1371/journal.pone.0227619.g001

population consisted of cycles in which women were 20-45 years of age, undergoing ICSI-PGT
and employing TE biopsy using 24-chromosome NGS. The exclusion criteria were endocrine
or systemic pathologies, uterine anomalies or pathologies, unilateral or bilateral hydrosalpinx,
and karyotypic abnormalities (either maternal or paternal). Only 707 single euploid FBT cycles
were found to be eligible for inclusion in the study, as depicted in Fig 1. PGT-A indications
were as follows: RIF (392/707, 55.4%), AMA (120/707, 17%), RM (69/707, 9.8%) and multiple
indications (126/707, 17.8%). As recommended by the American Society of Reproductive
Medicine (ASRM), women with RM had a complete RM workup that included blood work for
parental karyotypes and to detect the presence of antiphospholipid antibodies, including anti-
cardiolipin antibody, lupus anticoagulant and beta-2-glycoprotein, as well as a uterine cavity
evaluation. Women were also routinely screened for hypothyroidism and hyperprolactinemia
by measuring the levels of serum thyroid-stimulating hormone and prolactin. Patients with
unknown etiology for RM were included in this study.

All patients provided informed consent for analysis of their identified data before undergo-
ing IVF procedures. The study protocol was approved by the Bilim University Ethics Commit-
tee (4414529/2015-61).

Ovarian stimulation, oocyte retrieval, denudation, ICSI and embryo
culture

COH was performed with the GnRH antagonist protocol. Recombinant FSH (150-300 IU,
Gonal-F; Serono) and/or hMG (75-150) IU; (Merional; IBSA) was administered on day 2 of
the menstrual period. Starting on the sixth day of controlled ovarian stimulation, the ovarian
response was monitored by serial transvaginal ultrasound (TV-USG) and by measuring serum
E, and P, levels. When the leading follicle exceeded 13 mm in diameter, 0.25 mg of GnRH
antagonist (Cetrotide; Serono) was started daily until the day of the last trigger. When at least
two follicles reached 18 mm in diameter, patients were administered 250 pg of human chori-
onic gonadotropin (hCG; Ovitrelle, Serono) or 0.2 mg of triptorelin (Gonapeptyl, Ferring),
and oocyte retrieval was scheduled 35 hours after the trigger administration [16].

The oocyte retrieval, denudation, and ICSI procedures were performed as described previ-
ously by Serdarogullari et al. [17]. ICSI was the fertilization method in all of the cycles included
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in this study. After microinjection, oocytes were cultured individually in a special pre-equili-
brated culture dish. In our study, single-step media, namely, Continuous Single Culture Com-
plete (CSCM-C) with Human Serum Albumin (Irvine Scientific) was used for embryo culture
throughout the culture period.

Embryo morphology assessment and trophectoderm biopsy

Embryo culture was performed in benchtop incubators (MIRI, ESCO Medical, Singapore)
until day-6 of embryo development with daily morphological grading by Gardner and School-
craft [18]. The developmental characteristics of each individual embryo were recorded. Blasto-
cyst morphology evaluations were performed at 114 hours (day-5) and 138 hours (day-6) after
ICSI. Assisted hatching (AH) was applied to each embryo with a hole of approximately 20 um
using a laser pulse (OCTAX Navilase) on day 3 of embryo development. After day-3 laser
application, embryos were transferred into new fresh medium (CSCM-C with Human Serum
Albumin) until the day of the biopsy. Biopsy of each embryo was performed in 5-uL droplets
of mHTF with Gentamicin (mHTF, Irvine Scientific, CA, USA) containing 10% SSS (Irvine
Scientific, CA, USA). On day-5 of embryo development, AH-applied blastocysts that displayed
a herniating trophectoderm during embryo scoring underwent biopsy. The remaining blasto-
cysts that did not display herniation were further cultured until day-6 of embryo development.
When available, a second embryo evaluation was performed 4-6 hours after the routine
embryo grading schedule. Only blastocysts with herniated trophectoderm cells underwent
biopsy on days 5 and 6. Trophectoderm biopsy was performed using the pulling method, as
previously described by Zhao et al. [19]. Approximately five to eight cells were removed from
the trophectoderm, and extracted cells were placed in polymerase chain reaction tubes and
kept frozen at -20°C until PGT-A.

Embryo vitrification and warming procedures

Embryo vitrification and warming procedures were achieved using a commercial vitrification
kit (Vit Kit ®-Freeze, 90133-SO, Irvine Scientific) and vitrification warming kit (Vit Kit ®_
Thaw, 90137-SO, Irvine Scientific). In all cases, an open carrier device (Cryotech, Reprolife,
Japan) was used, and embryos were vitrified within 2 hours after trophectoderm biopsy (with
amean of 1 hour and 20 minutes) Vitrification and warming were performed as previously
described [17].

Evaluation of viability after warming and extended culture

After the warming procedure was completed, the embryo was transferred to an equilibrated
culture dish up to embryo transfer. Blastocyst grading was performed 2-3 hours after the
warming procedure according to the classification of Gardner and Scoolcraft. Viability after
warming was quantified and classified according to the percentage of survived (intact) blasto-
meres (100%, >50%, <50%, 0%) that were present in a blastocyst stage embryo and the blasto-
coel re-expansion ability. Only embryos that survived with fully intact morphology (100%)
comprising a distinguishable inner cell mass and trophoblast were included in the study.

Endometrial preparation and support

Endometrial preparation for ET involved hormone replacement therapy. Briefly, each woman
was administered oral estrogen (Estrofem, Novo Nordisk, Istanbul, Turkey) according to an
incremental regime: 4 mg/day on days 1-4, 6 mg/day on days 5-8, and 8 mg/day on days
9-12. TV-USG was performed on day 13 to measure endometrial thickness, and if endometrial
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thickness was <7 mm, the cycle was cancelled. The serum P, concentration was also measured;
if this concentration was >1.5 ng/ml, the cycle was also cancelled. Estrogen supplementation
was continued at 8 mg/day, and intramuscular (IM) progesterone (Progestan, Kogak Farma,
Turkey) supplementation at 50 mg/day was started as previously described [20]. The embryo
transfer was performed on the 6th day of progesterone administration. Oral estrogen was con-
tinued until the 7th week of pregnancy, and IM progesterone was continued until the 10th
week of pregnancy.

Preimplantation genetic test for aneuploidy (PGT-A) and mitochondrial
DNA (mtDNA) analysis

The NGS platform (Reproseq PGS Kit, Life Technologies/Thermo Fisher, USA) used in this
study has previously been validated and published elsewhere [21, 22]. Whole-genome amplifi-
cation (WGA) and DNA barcoding were performed using the Ion ReproSeq PGS kit (Thermo
Fisher Scientific, MA, USA). Automated template preparation and chip loading were auto-
mated with TonChef ™
formed in a PGM sequencing machine using a 318 chip or in a S5 TM XL sequencer (Thermo

(Thermo Fisher Scientific). Sequencing steps were subsequently per-

Fisher Scientific) using a 530 chip. Data analysis was performed using version 5.4 of the Ion
Reporter software (Thermo Fisher Scientific). Embryos were diagnosed as euploid, aneuploid
or chaotic abnormal.

For the calculations of the mtDNA ratios, an optimized algorithm was applied that used the
output dataset obtained from the NGS analysis, which comprised a mixture of mtDNA reads
and nuclear DNA (nDNA) reads. To calculate the relative mtDNA copy number score in
embryos, the numbers of reads after filtering were mapped to the mitochondrial genome and
were divided by the number of reads that mapped to the nuclear genome as previously
described and called mitoscore [23].

Pregnancy outcome measurements

The serum human chorionic gonadotrophin (B-hCG) level was measured 12 days after embryo
transfer and regarded as positive if it was more than 5 IU. The clinical pregnancy rate per
embryo transfer was determined by dividing the number of embryo transfers having a gesta-
tional sac observed by means of ultrasound over the number of embryo transfers. The live
birth rate per embryo transfer was defined as the number of deliveries divided by the number
of embryo transfers. The miscarriage rate was calculated by dividing the number of pregnan-
cies with a gestational sac that could not reach delivery by the total number of pregnancies
with a gestational sac.

Statistical analysis

All statistical analyses were performed with SPSS for Windows software package version 20
(SPSS, Chicago, USA). A p-value of p<0.05 was considered to indicate statistical significance
for all statistical tests. Continuous quantitative variables investigated in the study were
reported as the median (quartile 1-quartile 3).

A chi-square test was used to analyze the proportions of B-hCG positivity, clinical preg-
nancy, live birth and miscarriage rates in maternal age groups.

Distributions of continuous parameters were tested with the Kolmogorov-Smirnov test to
determine whether each variable followed a normal distribution. 707 patients were then
divided into two groups of outcomes of live birth; whether a patient has had a live birth
(n = 403) or not (n = 304). Since the continuous variables were not found to follow a normal
distribution, a nonparametric equivalent test, namely, the independent-samples median test,
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was used to compare the medians of two groups of live birth outcomes with respect to the
patient characteristics and cycle parameters. Differences in euploid hatching embryo charac-
teristics in ICM score, trophectoderm score and day of embryo biopsied groups are compared
between patients who have and haven’t had a live birth by using chi-square test. At the same
time, the differences in the median scores of mitoscore among patients who had and didn’t
have a live birth are compared by using nonparametric independent samples median test.

Finally, a binary logistic regression model was performed to evaluate the factors affecting
the live birth outcome. In performing the binary logistic regression analysis, the forward step-
wise procedure and likelihood ratio statistics were used as the criteria for removing the vari-
ables from the model. Maternal age, paternal age, BMI, infertility diagnose, number of
previous attempts, number of previous miscarriages, duration of stimulation, total gonadotro-
pin dosage used, E, and P, levels on trigger day, endometrial thickness, E, and P, levels 6 days
before the FBT cycle, mitoscore, ICM score, trophectoderm score and day of embryo biopsy
were used as factors and covariates in the binary logistic regression model. Odds ratios and
corresponding 95% confidence intervals are reported for each significant variable to analyze
the effect of each parameter.

Results

During the study period, a total of 707 single euploid FBT cycles employing NGS were
included. Overall, the clinical outcomes in this study were as follows: positive B-hCG rate: 71%
(502/707); clinical pregnancy rate: 67.2% (475/707); live birth rate: 57% (403/707); and miscar-
riage rate: 15.2% (72/475). Table 1 summarizes the pregnancy outcomes per euploid ET across
all maternal age groups. Of note, the outcome rates per transfer for cycles with the use of NGS-
based PGT-A remained relatively constant across all maternal age groups.

A total of 707 single euploid FBTs were grouped based on the live birth outcome. Group I
included cycles that ended in live birth (n = 403), whereas Group II consisted of cycles that did
not (n = 304). Regarding patient characteristics (female age, type of infertility, number of pre-
vious attempts, number of previous miscarriages, infertility diagnose), there were no signifi-
cant differences between the two groups. BMI was found to be significantly higher in Group II
than in Group I (27 (24-29.2) kg/m” vs 22.7 (21.5-24.6) kg/m?, p<0.001). In all cycles, sperm
count, controlled ovarian stimulation parameters, number of oocytes retrieved, number of
mature oocytes (MII), and number and rate of fertilized oocytes with two pronuclei (2PN)
were not significantly different between groups. Trigger day E, level was significantly higher in

Table 1. Pregnancy outcomes for single euploid embryo transfers stratified by maternal age.

Age

All
<35
35-37
38-40
41-42
>42

B-hCG
Positivity (%)
502/707 (71)
190/259 (73.4)
128/195 (65.6)
100/136 (73.5)
64/88 (72.7)
20/29 (60.0)

Clinical Live Birth (%) Miscarriage (%)
Pregnancy (%)
475/707 (67.2) 403/707 (57) 72/475 (15.2)
174/259 (67.2) 158/259 (61.0) 16/174 (9.2)
124/195 (63.6) 101/195 (51.8) 23/195 (11.8)
97/136 (71.3) 77/136 (56.6) 20/136 (14.7)
60/88 (68.2) 49/88 (55.7) 11/88 (12.5)
20/29 (60.0) 18/29 (62.1) 2/29 (6.9)

Chi-square p-value for B hCG Positivity (%) = 0.402
Chi-square p-value for Clinical Pregnancy (%) = 0.684
Chi-square p-value for Live Birth (%) = 0.198
Chi-square p-value for Miscarriage (%) = 0.282

https://doi.org/10.1371/journal.pone.0227619.t001
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Table 2. Patient characteristics, ovarian stimulation variables and variables during the FBT cycles in comparison with patients with or without live birth.

Live birth (+) (n = 403) Live birth (-) (n = 304) p
Maternal age (years) 35(32-39) 36 (33-39) 0.503
Paternal age (years) 37 (30-43) 37 (30-42) 0.528
BMI (kg/m2) 22.70 (21.50-24.60) 27 (24-29.2) <0.001
Type of infertility
Primary infertility 358/403 (88.8) 269/304 (88.5) 0.885
Secondary infertility 45/403 (11.2) 35/304 (11.5)
Infertility diagnosis
Tubal 40/403 (9.9) 31/304 (10.2) 0.185
DOR 65/403 (16.1) 58/304 (19.1)
Endometriosis 44/403 (10.9) 30/304 (9.9)
Male factor 102/403 (25.3) 81/304 (26.6)
Multiple indication 35/403 (8.7) 32/304 (10.5)
PCOS 48/403 (11.9) 42/304 (13.8)
Unexplained 69/403 (17.1) 30/304 (9.9)
Number of previous attempts 2 (1-4) 3(2-4) 0.953
Number of previous miscarriages 0(0-1) 1(0-2) 0.248
Duration of stimulation (days) 9 (8-10) 9 (8-10) 0.101
Total gonadotropin dosage used (IU) 2250 (1650-2850) 2235 (1662.50-3000) 0.926
Sperm Count (million/mL) 35 (12-50) 32 (13.75-52) 0.399
Number of oocytes retrieved 11 (7-16) 11 (6-16.50) 0.698
Number of M2 oocytes 9 (5-12) 9 (4-13) 0.877
Number of 2PN 7 (4-10) 7 (3-10) 0.902
Fertilization Rate (%) 80 (67.33-93.73) 80 (72.47-100) 0.732
Endometrial thickness (mm) on trigger day 9 (8.10-10) 9 (8.10-10) 0.792
Hormone levels (on trigger day)
E, (pg/mL) 1428 (713-2237) 1050 (658-2129) 0.003
P, (ng/mL) 0.62 (0.31-0.88) 0.66 (0.32-1.10) 0.256
Hormone levels
(6 days before FBT cycle)
E, (pg/mL) 305 (233-405) 319 (232-442.50) 0.593
P, (ng/mL) 0.15 (0.08-0.25) 0.13 (0.085-0.25) 0.205
Endometrial thickness (mm) 9 (8.10-10) 9 (8.10-10) 0.792

Values are presented as the median (quartile 1-quartile 3) or number (percentage).

DOR, PCOS, BMI, M2, 2PN and hCG denote diminished ovarian reserve, polycystic ovary syndrome, body mass index, mature oocyte, 2 pro-nuclei and human

chorionic gonadotropin, respectively.

P values were calculated by means of the chi-square test, and independent samples median test.

https://doi.org/10.1371/journal.pone.0227619.t002

Group I than in Group II (1428 (713-2237) pg/mL vs (1050 (658-2129) pg/mL, p = 0.003).
Regarding FBT cycle parameters, neither endometrial thickness nor E, or P, levels on the day
of progesterone initiation were significantly different between the two groups (Table 2).
The embryo development characteristics are presented in Table 3. The percentage of ICM
A or B was found to be significantly higher in patients with a live birth than in those without a
live birth (91.6% vs. 82.6%, p<0.001). Day-5 biopsied embryos were also more prevalent in
Group I than Group II; 82.9% vs. 68.1% (p<0.001). On the other hand, the mitoscore levels
were lower for cases having a successful live birth, at 18.7 (15.45-23.68) vs 20.55 (16.43-25.22)

(p =0.001).
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Table 3. Euploid hatching embryo characteristics of patients with or without a live birth.

Embryo Characteristics Live birth (+) Live birth (-) P
(n =403) (n = 304)
ICM score (n, %) <0.001
AorB 369/394 (91.6) 251/296 (82.6)
C 25/394 (6.2) 45/296 (14.8)
Trophectoderm score (n, %) 0.061
AorB 172/394 (42.7) 111/296 (36.5)
C 222/394 (55.1) 185/296 (60.9)
Mitoscore 18.7 (15.45-23.68) 20.55 (16.43-25.22) 0.001
Day of embryo biopsy (n, %) <0.001
334/403 (82.9) 207/304 (68.1)
69/403 (17.1) 97/304 (31.9)

Values are presented as the number (percentage) or median (quartile 1-quartile 3).
ICM denotes inner cell mass.
p values were calculated by means of the chi-square test, and independent samples median test.

https://doi.org/10.1371/journal.pone.0227619.t003

In the present study, patient characteristics, ovarian stimulation variables, embryo develop-
ment characteristics and variables associated with FBT cycles were also used to identify possi-
ble factors that could impact the live birth outcome. When all the parameters were assessed
together to identify which covariates and factors affected the live birth outcome, BMI, number
of previous miscarriages and day of TE biopsy were found to be significant. To evaluate the
level of the effect of each of these parameters on the live birth outcome, the odds ratio was
used (Table 4). The negative beta value indicated that when the day of the blastocyst TE biopsy
was changed from day-5 to day-6, the probability of having a live birth decreased (OR: 0.336,
95% CI 0.189-0.598, p<0.001). In addition, as the number of miscarriage increased, the live
birth rate decreased (Table 5). Thus, an increase in the number of miscarriages per unit
decreases the probability of having a live birth (OR: 0.733, 95% CI 0.594-0.906, p = 0.004).
When the BMI of a patient was taken into consideration, the results of the binary logistic
regression analysis showed that an increase of one unit in the BMI value decreased the proba-
bility of having a live birth by 0.211 (OR: 0.789, 95% CI 0.734-0.848, p<0.001) (Table 4). Nei-
ther the parameters for controlled ovarian stimulation nor the regimen for endometrial
preparation during FBT, such as the levels of E, and P4, number of COCs, number of M2
oocytes, fertilization rate or endometrial thickness, showed any effects on the live birth rate.

Table 4. Binary Logistic Regression Model using Forward Stepwise Model (Likelihood Ratio).

Variable B S.E. Wald df Sig. OR 95% CI for OR
Lower Upper
BMI -0.237 0.037 41.10 1 <0.001 0.789 0.734 0.848
Day-6 -1.089 0.293 13.817 1 <0.001 0.336 0.189 0.598
Day-5 / / / / / / / /
Number of previous miscarriages -0.310 0.108 8.298 1 0.004 0.733 0.594 0.906
Constant 7.088 0.949 55.772 1 <0.001 1197.690

Nagelkerke R-square = 0.266

https://doi.org/10.1371/journal.pone.0227619.t004
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Table 5. Number of miscarriages and live births.

Live Births Total
No Yes

Number of previous miscarriages 0 151 (40.8%) 219 (59.2%) 370
1 68 (40.2%) 101 (59.8%) 169

2 55 (48.7%) 58 (51.3%) 113

3 17 (50.0%) 17 (50.0%) 34

4 6 (54.5%) 5 (45.5%) 11

5 7 (70.0%) 3(30.0%) 10

Total 304 403 707

https://doi.org/10.1371/journal.pone.0227619.t005

Discussion

This study aimed to evaluate and determine which factors affect live birth outcomes after sin-
gle euploid FBT cycles. Our findings indicate that BMI, day of TE biopsy and number of previ-
ous miscarriages are significantly associated with the live birth rate per transfer.

Increasing maternal age is related to decreasing success in both spontaneous and IVF/ICSI-
mediated conception [24]. Maternal age is among the strongest predictors of the success of
IVF/ICSI treatments [25]. The aneuploidy rates in both oocytes and in vitro-produced
embryos increase with increasing female age [26, 27]. PGT-A allows patients to avoid the
transfer of aneuploid blastocysts, which is related to implantation failure, miscarriage and the
birth of an affected child. Regarding the patient-specific variables, no impact of maternal age
on live birth after a single euploid FBT was observed in this study. It is important to note that
once a euploid embryo is identified, the implantation potential and miscarriage risk are not
related to maternal age. Consistent with the outcome observed in the BEST trial, which
employed single euploid ETs, the outcome in this study is independent of age, and eSET can
be considered a feasible strategy that has satisfactory live birth rates and dramatically reduces
the risk of multiple pregnancy [11]. However, it should also be noted that obtaining one
euploid blastocyst becomes more challenging with increasing maternal age since there are
numerous adverse factors that are associated with cycle cancellation, such as the lack of follicu-
lar development, unsuccessful oocyte retrieval and decreasing blastulation rate. In addition,
the lack of an association with maternal age seems to be relevant for the transfer but not for
the oocyte retrieval.

Data on the potential effects of elevated BMI on fertility treatment outcomes are conflicting.
Multiple studies have reported no significant adverse effects of elevated BMI on IVF outcomes
[28-32]; however, others have found associations between elevated BMI and higher gonado-
tropin requirements, fewer oocytes collected, higher cancellation rates, reduced pregnancy
and live birth rates, and higher miscarriage rates [33-45]. Whether obesity has a negative effect
on implantation and postimplantation events and on oocyte and embryo quality remains
uncertain. Although euploidy rate and BMI were not found to be related in a recent retrospec-
tive analysis [46], other recent studies have shown that the chances of a live birth after euploid
embryo transfers were significantly reduced in overweight women, especially in those with a
BMI in the obese range (BMI >30) [47]. Supporting these data, a product of conception
(POC) analysis showed the overpresentation of euploidy in obese patients compared with lean
patients [48], indicating that endometrial changes associated with obesity, such as endometrial
morphology, steroid receptors or leukocyte populations, may have a detrimental effect on
endometrial receptivity [37]. In our current study, multivariate logistic regression analysis
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showed that BMI was an independent factor for live birth, which suggests a potential problem
for endometrial receptivity.

According to the logistic regression analysis, TE score and ICM score were not associated
with a live birth in the current study setting with euploid blastocysts. Morphological evaluation
of blastocysts has been widely used for fresh and frozen-warmed ET. Although blastocyst grad-
ing systems are the most commonly used method for embryo selection, the relationships
between each blastocyst morphology parameter, such as the degree of expansion, ICM score or
TE score, and the IVF/ICSI outcome are not well defined. Several studies have reported that
TE score has a stronger predictive power than ICM score in the estimation of outcome after
blastocyst transfer [49-51], while others have shown that the ICM score is more important
[52, 53]. However, some studies have indicated that the clinical outcomes after eSET could be
predicted by the degree of blastocoel expansion [54, 55]. A limited number of studies have
attempted to correlate conventional parameters of blastocyst evaluation with euploid FBT
cycles. In 2014, Capalbo et al. reported that vitrified-warmed euploid embryos of poor or aver-
age quality can result in similar ongoing pregnancy rates to those of blastocysts evaluated as
having excellent or good morphological quality [56]. This study reported that ICM score and
TE score were also not related to the implantation outcomes of euploid embryos. In agreement
with this study, we also found that in single euploid FBT, the TE and ICM scores were not
related to the live birth outcome.

There is an ongoing debate on the implantation potential of slow-growing embryos.
Whether the poorer reproductive potential is due to the pace of embryo development or is a
result of asynchronization between the embryo and the endometrium is still poorly under-
stood. The meta-analysis reported in 2010 included 15 controlled studies comprising 2,502
frozen-warmed transfers involving blastocysts that were cryopreserved on either day-5 or day-
6 and found no differences in the ongoing pregnancy or live birth rates after the transfer of
day-5 frozen blastocysts versus that of day-6 blastocysts with the same morphological quality
on the day of cryopreservation [57]. Yang et al. reported that the pregnancy rates were similar
between day-5 and day-6 euploid FETs, with similar morphological parameters [58]. In a ret-
rospective cohort follow-up study including 1,347 single autologous FETs, researchers
reported that live birth rates were significantly lower with day-6 than with day-5 blastocysts,
regardless of embryo quality [59]. On the other hand, Irani et al. analyzed 701 euploid eSETs
and determined that, with respect to the day of TE biopsy (day-5 vs day-6), there was a signifi-
cant difference in the live birth rates of similarly graded euploid blastocysts [60]. The speed of
embryo development to the blastocyst stage may reflect not the euploidy status but the meta-
bolic health of a developing embryo. This study confirms that the timing of the blastulation of
a euploid embryo influences the live birth rate.

The cause of miscarriage is multifactorial, with genetic, anatomical, infectious, immunolog-
ical and endocrine causes. In our retrospective study, we included patients with RM, although
there have been no randomized trials evaluating the efficacy of PGT-A in RM. An intent-to-
treat analysis comparing PGT-A to expectant management reported that the clinical outcomes
including live birth and clinical miscarriage rates, were similar between RM patients undergo-
ing PGT-A and those receiving expectant management [61]. However, the role of aneuploidy
in RM is less clear. In a retrospective analysis, 428 PGT-A cycles employing FISH were ana-
lyzed in cases with RM of unknown etiology and reported that PGT-A should be recom-
mended in cases with miscarriages during infertility treatments, aneuploidy in a previous
miscarriage, up to five previous miscarriages or a high incidence of chromosomal abnormali-
ties in spermatozoa [62]. The aneuploidy rates in POC from RM patients have long been evalu-
ated, and there are conflicting results. Some authors reported more frequent aneuploidy [63],
while others reported nonsignificantly higher aneuploidy rates observed in sporadic
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miscarriages, suggesting that additional factors may play a role [64, 65]. In our multivariate
analysis, the number of previous miscarriages was an independent factor for the live birth rate,
whereby an increasing number of miscarriages decreases the live birth rate. Factors other than
aneuploidy, such as immunological factors, may have a detrimental effect on the live birth rate
for RM patients.

The mtDNA ratio has been suggested to be a biomarker of embryonic competence and via-
bility. Initial studies reported that an increased mtDNA copy number is related to aneuploidy
and a decreased embryo implantation potential [23, 26]. However, there have been other stud-
ies contradicting these findings [66, 67]. All of these studies used different methodologies. In
this retrospective analysis, mtDNA copy number was found to be nonsignificant in the multi-
variate analysis. Identification of the best methodologies to measure mtDNA content and fac-
tors that lead to the decrease in the mtDNA ratio in blastocyst-stage embryos is also necessary.

FET is an essential part of IVE/ICSI. In a retrospective analysis, the factors that affected the
live birth outcome after FET which included cleavage stage embryos, were top-quality embryo
characteristics, maternal age, endometrial preparation protocol, number of embryos trans-
terred and BMI [68]. In our study of single euploid FET, BMI, number of previous miscar-
riages and day of embryo biopsy were found to be independent factors that can affect the live
birth rate. Once a euploid embryo is identified, the implantation potential and miscarriage risk
are not related to maternal age or blastocyst quality.

This study has limitations. The first is its retrospective design; therefore, a certain risk of
bias was inevitable. Second, this study did not observe other clinical outcomes, such as the mis-
carriage rate. Third, the present study only evaluated the vitrified blastocyst, with a certain
blastocoel expansion, after embryo warming. Finally, the study is restricted in a certain ethnic
patient population and the data are related to the clinical and lab practices of one unit and the
conclusions may reflect the end results of these practices.

In conclusion, BMI, day of TE biopsy and number of miscarriages are the independent vari-
ables that affect the live birth outcomes of single euploid FBTs.

Author Contributions

Conceptualization: Fazilet Kubra Boynukalin, Meral Gultomruk, Carmen Rubio.

Data curation: Meral Gultomruk, Zalihe Yarkiner.

Formal analysis: Meral Gultomruk, Sabri Cavkaytar, Zalihe Yarkiner.

Investigation: Fazilet Kubra Boynukalin.

Methodology: Fazilet Kubra Boynukalin.

Software: Zalihe Yarkiner.

Supervision: Fazilet Kubra Boynukalin, Carmen Rubio, Mustafa Bahceci.

Validation: Fazilet Kubra Boynukalin, Meral Gultomruk, Emre Turgut, Zalihe Yarkiner.
Visualization: Fazilet Kubra Boynukalin.

Writing - original draft: Fazilet Kubra Boynukalin, Meral Gultomruk, Sabri Cavkaytar, Emre
Turgut, Munevver Serdarogullari, Onder Coban, Carmen Rubio.

Writing - review & editing: Fazilet Kubra Boynukalin, Meral Gultomruk, Sabri Cavkaytar,
Emre Turgut, Necati Findikli, Munevver Serdarogullari, Onder Coban, Zalihe Yarkiner,
Carmen Rubio, Mustafa Bahceci.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227619  January 13, 2020 11/15


https://doi.org/10.1371/journal.pone.0227619

@ PLOS|ONE

Parameters impacting the live birth rate per euploid transfer

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Rabinowitz M, Ryan A, Gemelos G, Hill M, Baner J, Cinnioglu C, et al. Origins and rates of aneuploidy
in human blastomeres. Fertil Steril. 2012; 97(2):395—401. https://doi.org/10.1016/j.fertnstert.2011.11.
034 PMID: 22195772

Weissman A, Shoham G, Shoham Z, Fishel S, Leong M, Yaron Y. Preimplantation genetic screening:
results of a worldwide web-based survey. Reprod Biomed Online. 2017; 35(6):693-700. https://doi.org/
10.1016/j.romo.2017.09.001 PMID: 28988928

Blockeel C, Schutyser V, De Vos A, Verpoest W, De Vos M, Staessen C, et al. Prospectively random-
ized controlled trial of PGS in IVF/ICSI patients with poor implantation. Reprod Biomed Online. 2008; 17
(6):848-54. https://doi.org/10.1016/s1472-6483(10)60414-2 PMID: 19079970

Hardarson T, Hanson C, Lundin K, Hillensjo T, Nilsson L, Stevic J, et al. Preimplantation genetic screen-
ing in women of advanced maternal age caused a decrease in clinical pregnancy rate: a randomized
controlled trial. Hum Reprod. 2008; 23(12):2806—12. https://doi.org/10.1093/humrep/den217 PMID:
18583331

Mastenbroek S, Twisk M, van Echten-Arends J, Sikkema-Raddatz B, Korevaar JC, Verhoeve HR, et al.
In vitro fertilization with preimplantation genetic screening. N Engl J Med. 2007; 357(1):9-17. https://doi.
org/10.1056/NEJM0a067744 PMID: 17611204

Mersereau JE, Pergament E, Zhang X, Milad MP. Preimplantation genetic screening to improve in vitro
fertilization pregnancy rates: a prospective randomized controlled trial. Fertil Steril. 2008; 90(4):1287-9.
https://doi.org/10.1016/j.fertnstert.2007.08.010 PMID: 18061593

Meyer LR, Klipstein S, Hazlett WD, Nasta T, Mangan P, Karande VC. A prospective randomized con-
trolled trial of preimplantation genetic screening in the "good prognosis" patient. Fertil Steril. 2009; 91
(5):1731-8. https://doi.org/10.1016/j.fertnstert.2008.02.162 PMID: 18804207

Staessen C, Platteau P, Van Assche E, Michiels A, Tournaye H, Camus M, et al. Comparison of blasto-
cyst transfer with or without preimplantation genetic diagnosis for aneuploidy screening in couples with
advanced maternal age: a prospective randomized controlled trial. Hum Reprod. 2004; 19(12):2849—
58. https://doi.org/10.1093/humrep/deh536 PMID: 15471934

Staessen C, Verpoest W, Donoso P, Haentjens P, Van der Elst J, Liebaers |, et al. Preimplantation
genetic screening does not improve delivery rate in women under the age of 36 following single-embryo
transfer. Hum Reprod. 2008; 23(12):2818-25. https://doi.org/10.1093/humrep/den367 PMID:
18930977

Rubio C, Bellver J, Rodrigo L, Bosch E, Mercader A, Vidal C, et al. Preimplantation genetic screening
using fluorescence in situ hybridization in patients with repetitive implantation failure and advanced
maternal age: two randomized trials. Fertil Steril. 2013; 99(5):1400-7. https://doi.org/10.1016/].
fertnstert.2012.11.041 PMID: 23260857

Forman EJ, Hong KH, Ferry KM, Tao X, Taylor D, Levy B, et al. In vitro fertilization with single euploid
blastocyst transfer: a randomized controlled trial. Fertil Steril. 2013; 100(1):100-7 e1. https://doi.org/10.
1016/j.fertnstert.2013.02.056 PMID: 23548942

Scott RT Jr., Upham KM, Forman EJ, Hong KH, Scott KL, Taylor D, et al. Blastocyst biopsy with com-
prehensive chromosome screening and fresh embryo transfer significantly increases in vitro fertilization
implantation and delivery rates: a randomized controlled trial. Fertil Steril. 2013; 100(3):697—-703.
https://doi.org/10.1016/j.fertnstert.2013.04.035 PMID: 23731996

Yang Z, Liu J, Collins GS, Salem SA, Liu X, Lyle SS, et al. Selection of single blastocysts for fresh trans-
fer via standard morphology assessment alone and with array CGH for good prognosis IVF patients:
results from a randomized pilot study. Mol Cytogenet. 2012; 5(1):24. https://doi.org/10.1186/1755-
8166-5-24 PMID: 22551456

Rubio C, Bellver J, Rodrigo L, Castillon G, Guillen A, Vidal C, et al. In vitro fertilization with preimplanta-
tion genetic diagnosis for aneuploidies in advanced maternal age: a randomized, controlled study. Fertil
Steril. 2017; 107(5):1122-9. https://doi.org/10.1016/j.fertnstert.2017.03.011 PMID: 28433371

Vaegter KK, Lakic TG, Olovsson M, Berglund L, Brodin T, Holte J. Which factors are most predictive for
live birth after in vitro fertilization and intracytoplasmic sperm injection (IVF/ICSI) treatments? Analysis
of 100 prospectively recorded variables in 8,400 IVF/ICSI single-embryo transfers. Fertil Steril. 2017;
107(3):641-8 e2. hitps://doi.org/10.1016/j.fertnstert.2016.12.005 PMID: 28108009

European Orgalutran Study Group. Treatment with the gonadotropinreleasing hormone antagonist
ganirelix in women undergoing ovarian stimulation with recombinant follicle stimulating hormone is
effective, safe and convenient: results of a controlled, randomised, multicentre trial. Hum Reprod 2000;
15:1490-8. https://doi.org/10.1093/humrep/15.7.1490 PMID: 10875855

Serdarogullari M, Coban O, Boynukalin FK, Bilgin EM, Findikli N, Bahceci M. Successful application of
a single warming protocol for embryos cryopreserved by either slow freezing or vitrification techniques.
Syst Biol Reprod Med. 2018:1-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227619  January 13, 2020 12/15


https://doi.org/10.1016/j.fertnstert.2011.11.034
https://doi.org/10.1016/j.fertnstert.2011.11.034
http://www.ncbi.nlm.nih.gov/pubmed/22195772
https://doi.org/10.1016/j.rbmo.2017.09.001
https://doi.org/10.1016/j.rbmo.2017.09.001
http://www.ncbi.nlm.nih.gov/pubmed/28988928
https://doi.org/10.1016/s1472-6483(10)60414-2
http://www.ncbi.nlm.nih.gov/pubmed/19079970
https://doi.org/10.1093/humrep/den217
http://www.ncbi.nlm.nih.gov/pubmed/18583331
https://doi.org/10.1056/NEJMoa067744
https://doi.org/10.1056/NEJMoa067744
http://www.ncbi.nlm.nih.gov/pubmed/17611204
https://doi.org/10.1016/j.fertnstert.2007.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18061593
https://doi.org/10.1016/j.fertnstert.2008.02.162
http://www.ncbi.nlm.nih.gov/pubmed/18804207
https://doi.org/10.1093/humrep/deh536
http://www.ncbi.nlm.nih.gov/pubmed/15471934
https://doi.org/10.1093/humrep/den367
http://www.ncbi.nlm.nih.gov/pubmed/18930977
https://doi.org/10.1016/j.fertnstert.2012.11.041
https://doi.org/10.1016/j.fertnstert.2012.11.041
http://www.ncbi.nlm.nih.gov/pubmed/23260857
https://doi.org/10.1016/j.fertnstert.2013.02.056
https://doi.org/10.1016/j.fertnstert.2013.02.056
http://www.ncbi.nlm.nih.gov/pubmed/23548942
https://doi.org/10.1016/j.fertnstert.2013.04.035
http://www.ncbi.nlm.nih.gov/pubmed/23731996
https://doi.org/10.1186/1755-8166-5-24
https://doi.org/10.1186/1755-8166-5-24
http://www.ncbi.nlm.nih.gov/pubmed/22551456
https://doi.org/10.1016/j.fertnstert.2017.03.011
http://www.ncbi.nlm.nih.gov/pubmed/28433371
https://doi.org/10.1016/j.fertnstert.2016.12.005
http://www.ncbi.nlm.nih.gov/pubmed/28108009
https://doi.org/10.1093/humrep/15.7.1490
http://www.ncbi.nlm.nih.gov/pubmed/10875855
https://doi.org/10.1371/journal.pone.0227619

@ PLOS|ONE

Parameters impacting the live birth rate per euploid transfer

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Gardner DK, Schoolcraft WB. Culture and transfer of human blastocysts. Curr Opin Obstet Gynecol.
1999; 11(3):307-11. https://doi.org/10.1097/00001703-199906000-00013 PMID: 10369209

Zhao H, Tao W, Li M, Liu H, Wu K, Ma S. Comparison of two protocols of blastocyst biopsy submitted to
preimplantation genetic testing for aneuploidies: a randomized controlled trial. Arch Gynecol Obstet.
2019 May; 299(5):1487—1493. https://doi.org/10.1007/s00404-019-05084-1 PMID: 30737585

Devroey P, Pados G. Preparation of endometrium for egg donation. Hum Reprod Update. 1998 Nov-
Dec; 4(6):856—61. https://doi.org/10.1093/humupd/4.6.856 PMID: 10098476

Kung A, Munne S, Bankowski B, Coates A, Wells D. Validation of next-generation sequencing for com-
prehensive chromosome screening of embryos. Reprod Biomed Online. 2015; 31(6):760-9. https://doi.
org/10.1016/j.rbmo.2015.09.002 PMID: 26520420

Wells D, Kaur K, Grifo J, Glassner M, Taylor JC, Fragouli E, et al. Clinical utilisation of a rapid low-pass
whole genome sequencing technique for the diagnosis of aneuploidy in human embryos prior to implan-
tation. J Med Genet. 2014; 51(8):553-62. https://doi.org/10.1136/jmedgenet-2014-102497 PMID:
25031024

Diez-Juan A, Rubio C, Marin C, Martinez S, Al-Asmar N, Riboldi M, Diaz-Gimeno P, Valbuena D,
Simén C. Mitochondrial DNA content as a viability score in human euploid embryos: less is better. Fertil
Steril. 2015 Sep; 104(3):534—41.e1. https://doi.org/10.1016/j.fertnstert.2015.05.022 PMID: 26051102

Heffner LJ. Advanced maternal age—how old is too old? N Engl J Med. 2004; 351(19):1927-9. https://
doi.org/10.1056/NEJMp048087 PMID: 15525717

Nelson SM, Lawlor DA. Predicting live birth, preterm delivery, and low birth weight in infants born from
in vitro fertilisation: a prospective study of 144,018 treatment cycles. PLoS Med. 2011; 8(1):e1000386.
https://doi.org/10.1371/journal.pmed.1000386 PMID: 21245905

Fragouli E, Spath K, Alfarawati S, Kaper F, Craig A, Michel CE, et al. Altered levels of mitochondrial
DNA are associated with female age, aneuploidy, and provide an independent measure of embryonic
implantation potential. PLoS Genet. 2015; 11(6):e1005241. https://doi.org/10.1371/journal.pgen.
1005241 PMID: 26039092

Kuliev A, Zlatopolsky Z, Kirillova |, Spivakova J, Cieslak Janzen J. Meiosis errors in over 20,000 oocytes
studied in the practice of preimplantation aneuploidy testing. Reprod Biomed Online. 2011; 22(1):2-8.
https://doi.org/10.1016/j.romo.2010.08.014 PMID: 21115270

Dechaud H, Anahory T, Reyftmann L, Loup V, Hamamah S, Hedon B. Obesity does not adversely affect
results in patients who are undergoing in vitro fertilization and embryo transfer. Eur J Obstet Gynecol
Reprod Biol. 2006; 127(1):88-93. https://doi.org/10.1016/j.ejogrb.2005.12.009 PMID: 16417960

Lashen H, Ledger W, Bernal AL, Barlow D. Extremes of body mass do not adversely affect the outcome
of superovulation and in-vitro fertilization. Hum Reprod. 1999; 14(3):712-5. https://doi.org/10.1093/
humrep/14.3.712 PMID: 10221701

Maheshwari A, Stofberg L, Bhattacharya S. Effect of overweight and obesity on assisted reproductive
technology—a systematic review. Hum Reprod Update. 2007; 13(5):433—44. https://doi.org/10.1093/
humupd/dmmO017 PMID: 17584821

Schliep KC, Mumford SL, Ahrens KA, Hotaling JM, Carrell DT, Link M, et al. Effect of male and female
body mass index on pregnancy and live birth success after in vitro fertilization. Fertil Steril. 2015; 103
(2):388-95. https://doi.org/10.1016/j.fertnstert.2014.10.048 PMID: 25497445

Styne-Gross A, Elkind-Hirsch K, Scott RT Jr., Obesity does not impact implantation rates or pregnancy
outcome in women attempting conception through oocyte donation. Fertil Steril. 2005; 83(6):1629-34.
https://doi.org/10.1016/j.fertnstert.2005.01.099 PMID: 15950629

Bellver J, Ayllon Y, Ferrando M, Melo M, Goyri E, Pellicer A, et al. Female obesity impairs in vitro fertili-
zation outcome without affecting embryo quality. Fertil Steril. 2010; 93(2):447-54. https://doi.org/10.
1016/j.fertnstert.2008.12.032 PMID: 19171335

Caillon H, Freour T, Bach-Ngohou K, Colombel A, Denis MG, Barriere P, et al. Effects of female
increased body mass index on in vitro fertilization cycles outcome. Obes Res Clin Pract. 2015; 9
(4):382-8. https://doi.org/10.1016/j.0rcp.2015.02.009 PMID: 25769458

Fedorcsak P, Dale PO, Storeng R, Ertzeid G, Bjercke S, Oldereid N, et al. Impact of overweight and
underweight on assisted reproduction treatment. Hum Reprod. 2004; 19(11):2523-8. https://doi.org/10.
1093/humrep/deh485 PMID: 15319380

Fedorcsak P, Storeng R, Dale PO, Tanbo T, Abyholm T. Obesity is a risk factor for early pregnancy loss
after IVF or ICSI. Acta Obstet Gynecol Scand. 2000; 79(1):43-8. PMID: 10646815

Metwally M, Tuckerman EM, Laird SM, Ledger WL, Li TC. Impact of high body mass index on endome-
trial morphology and function in the peri-implantation period in women with recurrent miscarriage.
Reprod Biomed Online. 2007; 14(3):328-34. https://doi.org/10.1016/s1472-6483(10)60875-9 PMID:
17390512

PLOS ONE | https://doi.org/10.1371/journal.pone.0227619  January 13, 2020 13/15


https://doi.org/10.1097/00001703-199906000-00013
http://www.ncbi.nlm.nih.gov/pubmed/10369209
https://doi.org/10.1007/s00404-019-05084-1
http://www.ncbi.nlm.nih.gov/pubmed/30737585
https://doi.org/10.1093/humupd/4.6.856
http://www.ncbi.nlm.nih.gov/pubmed/10098476
https://doi.org/10.1016/j.rbmo.2015.09.002
https://doi.org/10.1016/j.rbmo.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26520420
https://doi.org/10.1136/jmedgenet-2014-102497
http://www.ncbi.nlm.nih.gov/pubmed/25031024
https://doi.org/10.1016/j.fertnstert.2015.05.022
http://www.ncbi.nlm.nih.gov/pubmed/26051102
https://doi.org/10.1056/NEJMp048087
https://doi.org/10.1056/NEJMp048087
http://www.ncbi.nlm.nih.gov/pubmed/15525717
https://doi.org/10.1371/journal.pmed.1000386
http://www.ncbi.nlm.nih.gov/pubmed/21245905
https://doi.org/10.1371/journal.pgen.1005241
https://doi.org/10.1371/journal.pgen.1005241
http://www.ncbi.nlm.nih.gov/pubmed/26039092
https://doi.org/10.1016/j.rbmo.2010.08.014
http://www.ncbi.nlm.nih.gov/pubmed/21115270
https://doi.org/10.1016/j.ejogrb.2005.12.009
http://www.ncbi.nlm.nih.gov/pubmed/16417960
https://doi.org/10.1093/humrep/14.3.712
https://doi.org/10.1093/humrep/14.3.712
http://www.ncbi.nlm.nih.gov/pubmed/10221701
https://doi.org/10.1093/humupd/dmm017
https://doi.org/10.1093/humupd/dmm017
http://www.ncbi.nlm.nih.gov/pubmed/17584821
https://doi.org/10.1016/j.fertnstert.2014.10.048
http://www.ncbi.nlm.nih.gov/pubmed/25497445
https://doi.org/10.1016/j.fertnstert.2005.01.099
http://www.ncbi.nlm.nih.gov/pubmed/15950629
https://doi.org/10.1016/j.fertnstert.2008.12.032
https://doi.org/10.1016/j.fertnstert.2008.12.032
http://www.ncbi.nlm.nih.gov/pubmed/19171335
https://doi.org/10.1016/j.orcp.2015.02.009
http://www.ncbi.nlm.nih.gov/pubmed/25769458
https://doi.org/10.1093/humrep/deh485
https://doi.org/10.1093/humrep/deh485
http://www.ncbi.nlm.nih.gov/pubmed/15319380
http://www.ncbi.nlm.nih.gov/pubmed/10646815
https://doi.org/10.1016/s1472-6483(10)60875-9
http://www.ncbi.nlm.nih.gov/pubmed/17390512
https://doi.org/10.1371/journal.pone.0227619

@ PLOS|ONE

Parameters impacting the live birth rate per euploid transfer

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Ozekinci M, Seven A, Olgan S, Sakinci M, Keskin U, Akar ME, et al. Does obesity have detrimental
effects on IVF treatment outcomes? BMC Womens Health. 2015; 15:61. https://doi.org/10.1186/
512905-015-0223-0 PMID: 26285703

Rittenberg V, Seshadri S, Sunkara SK, Sobaleva S, Oteng-Ntim E, El-Toukhy T. Effect of body mass
index on IVF treatment outcome: an updated systematic review and meta-analysis. Reprod Biomed
Online. 2011; 23(4):421-39. https://doi.org/10.1016/j.rbmo0.2011.06.018 PMID: 21885344

Robker RL. Evidence that obesity alters the quality of oocytes and embryos. Pathophysiology. 2008; 15
(2):115-21. https://doi.org/10.1016/j.pathophys.2008.04.004 PMID: 18599275

Sarais V, Pagliardini L, Rebonato G, Papaleo E, Candiani M, Vigano P. A Comprehensive Analysis of
Body Mass Index Effect on in Vitro Fertilization Outcomes. Nutrients. 2016; 8(3):109. https://doi.org/10.
3390/nu8030109 PMID: 26907340

Veleva Z, Tiitinen A, Vilska S, Hyden-Granskog C, Tomas C, Martikainen H, et al. High and low BMI
increase the risk of miscarriage after IVF/ICSI and FET. Hum Reprod. 2008; 23(4):878-84. hitps://doi.
org/10.1093/humrep/den017 PMID: 18281684

Wang JX, Davies M, Norman RJ. Body mass and probability of pregnancy during assisted reproduction
treatment: retrospective study. BMJ. 2000; 321(7272):1320-1. https://doi.org/10.1136/bmj.321.7272.
1320 PMID: 11090515

Zander-Fox DL, Henshaw R, Hamilton H, Lane M. Does obesity really matter? The impact of BMI on
embryo quality and pregnancy outcomes after IVF in women aged </ = 38 years. Aust N Z J Obstet
Gynaecol. 2012; 52(3):270-6. https://doi.org/10.1111/].1479-828X.2012.01453.x PMID: 22694077

Kawwass JF, Kulkarni AD, Hipp HS, Crawford S, Kissin DM, Jamieson DJ. Extremities of body mass
index and their association with pregnancy outcomes in women undergoing in vitro fertilization in the
United States. Fertil Steril. 2016; 106(7):1742-50. https://doi.org/10.1016/j.fertnstert.2016.08.028
PMID: 27666564

Goldman KN, Hodes-Wertz B, McCulloh DH, Flom JD, Grifo JA. Association of body mass index with
embryonic aneuploidy. Fertil Steril. 2015; 103(3):744-8. https://doi.org/10.1016/j.fertnstert.2014.11.029
PMID: 25576217

Tremellen K, Pearce K, Zander-Fox D. Increased miscarriage of euploid pregnancies in obese women
undergoing cryopreserved embryo transfer. Reprod Biomed Online. 2017; 34(1):90-7. https://doi.org/
10.1016/j.rbomo.2016.09.011 PMID: 27789185

Boots CE, Bernardi LA, Stephenson MD. Frequency of euploid miscarriage is increased in obese
women with recurrent early pregnancy loss. Fertil Steril. 2014; 102(2):455-9. https://doi.org/10.1016/j.
fertnstert.2014.05.005 PMID: 24907916

Ahlstrom A, Westin C, Reismer E, Wikland M, Hardarson T. Trophectoderm morphology: an important
parameter for predicting live birth after single blastocyst transfer. Hum Reprod. 2011; 26(12):3289-96.
https://doi.org/10.1093/humrep/der325 PMID: 21972253

Chen X, Zhang J, Wu X, Cao S, Zhou L, Wang Y, et al. Trophectoderm morphology predicts outcomes
of pregnancy in vitrified-warmed single-blastocyst transfer cycle in a Chinese population. J Assist
Reprod Genet. 2014; 31(11):1475-81. https://doi.org/10.1007/s10815-014-0317-x PMID: 25123128

Hill MJ, Richter KS, Heitmann RJ, Graham JR, Tucker MJ, DeCherney AH, et al. Trophectoderm grade
predicts outcomes of single-blastocyst transfers. Fertil Steril. 2013; 99(5):1283-9 e1. https://doi.org/10.
1016/j.fertnstert.2012.12.003 PMID: 23312233

Goto S, Kadowaki T, Tanaka S, Hashimoto H, Kokeguchi S, Shiotani M. Prediction of pregnancy rate
by blastocyst morphological score and age, based on 1,488 single frozen-thawed blastocyst transfer
cycles. Fertil Steril. 2011; 95(3):948-52. https://doi.org/10.1016/j.fertnstert.2010.06.067 PMID:
20674914

Richter KS, Harris DC, Daneshmand ST, Shapiro BS. Quantitative grading of a human blastocyst: opti-
mal inner cell mass size and shape. Fertil Steril. 2001; 76(6):1157—67. https://doi.org/10.1016/s0015-
0282(01)02870-9 PMID: 11730744

Thompson SM, Onwubalili N, Brown K, Jindal SK, McGovern PG. Blastocyst expansion score and tro-
phectoderm morphology strongly predict successful clinical pregnancy and live birth following elective
single embryo blastocyst transfer (eSET): a national study. J Assist Reprod Genet. 2013; 30(12):1577—
81. https://doi.org/10.1007/s10815-013-0100-4 PMID: 24114628

Van den Abbeel E, Balaban B, Ziebe S, Lundin K, Cuesta MJ, Klein BM, et al. Association between
blastocyst morphology and outcome of single-blastocyst transfer. Reprod Biomed Online. 2013; 27
(4):353-61. https://doi.org/10.1016/j.rbmo.2013.07.006 PMID: 23953585

Capalbo A, Rienzi L, Cimadomo D, Maggiulli R, Elliott T, Wright G, et al. Correlation between standard
blastocyst morphology, euploidy and implantation: an observational study in two centers involving 956
screened blastocysts. Hum Reprod. 2014; 29(6):1173-81. https://doi.org/10.1093/humrep/deu033
PMID: 24578475

PLOS ONE | https://doi.org/10.1371/journal.pone.0227619  January 13, 2020 14/15


https://doi.org/10.1186/s12905-015-0223-0
https://doi.org/10.1186/s12905-015-0223-0
http://www.ncbi.nlm.nih.gov/pubmed/26285703
https://doi.org/10.1016/j.rbmo.2011.06.018
http://www.ncbi.nlm.nih.gov/pubmed/21885344
https://doi.org/10.1016/j.pathophys.2008.04.004
http://www.ncbi.nlm.nih.gov/pubmed/18599275
https://doi.org/10.3390/nu8030109
https://doi.org/10.3390/nu8030109
http://www.ncbi.nlm.nih.gov/pubmed/26907340
https://doi.org/10.1093/humrep/den017
https://doi.org/10.1093/humrep/den017
http://www.ncbi.nlm.nih.gov/pubmed/18281684
https://doi.org/10.1136/bmj.321.7272.1320
https://doi.org/10.1136/bmj.321.7272.1320
http://www.ncbi.nlm.nih.gov/pubmed/11090515
https://doi.org/10.1111/j.1479-828X.2012.01453.x
http://www.ncbi.nlm.nih.gov/pubmed/22694077
https://doi.org/10.1016/j.fertnstert.2016.08.028
http://www.ncbi.nlm.nih.gov/pubmed/27666564
https://doi.org/10.1016/j.fertnstert.2014.11.029
http://www.ncbi.nlm.nih.gov/pubmed/25576217
https://doi.org/10.1016/j.rbmo.2016.09.011
https://doi.org/10.1016/j.rbmo.2016.09.011
http://www.ncbi.nlm.nih.gov/pubmed/27789185
https://doi.org/10.1016/j.fertnstert.2014.05.005
https://doi.org/10.1016/j.fertnstert.2014.05.005
http://www.ncbi.nlm.nih.gov/pubmed/24907916
https://doi.org/10.1093/humrep/der325
http://www.ncbi.nlm.nih.gov/pubmed/21972253
https://doi.org/10.1007/s10815-014-0317-x
http://www.ncbi.nlm.nih.gov/pubmed/25123128
https://doi.org/10.1016/j.fertnstert.2012.12.003
https://doi.org/10.1016/j.fertnstert.2012.12.003
http://www.ncbi.nlm.nih.gov/pubmed/23312233
https://doi.org/10.1016/j.fertnstert.2010.06.067
http://www.ncbi.nlm.nih.gov/pubmed/20674914
https://doi.org/10.1016/s0015-0282(01)02870-9
https://doi.org/10.1016/s0015-0282(01)02870-9
http://www.ncbi.nlm.nih.gov/pubmed/11730744
https://doi.org/10.1007/s10815-013-0100-4
http://www.ncbi.nlm.nih.gov/pubmed/24114628
https://doi.org/10.1016/j.rbmo.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/23953585
https://doi.org/10.1093/humrep/deu033
http://www.ncbi.nlm.nih.gov/pubmed/24578475
https://doi.org/10.1371/journal.pone.0227619

@ PLOS|ONE

Parameters impacting the live birth rate per euploid transfer

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Sunkara SK, Siozos A, Bolton VN, Khalaf Y, Braude PR, El-Toukhy T. The influence of delayed blasto-
cyst formation on the outcome of frozen-thawed blastocyst transfer: a systematic review and meta-anal-
ysis. Hum Reprod. 2010; 25(8):1906—15. https://doi.org/10.1093/humrep/deq143 PMID: 20542896

YangH, Yang Q, Dai S, Li G, Jin H, Yao G, et al. Comparison of differences in development potentials
between frozen-thawed D5 and D6 blastocysts and their relationship with pregnancy outcomes. J Assist
Reprod Genet. 2016; 33(7):865—72. https://doi.org/10.1007/s10815-016-0712-6 PMID: 27098058

Ferreux L, Bourdon M, Sallem A, Santulli P, Barraud-Lange V, Le Foll N, et al. Live birth rate following
frozen-thawed blastocyst transfer is higher with blastocysts expanded on Day 5 than on Day 6. Hum
Reprod. 2018; 33(3):390-8. https://doi.org/10.1093/humrep/dey004 PMID: 29394365

Irani M, O’Neill C, Palermo GD, Xu K, Zhang C, Qin X, et al. Blastocyst development rate influences
implantation and live birth rates of similarly graded euploid blastocysts. Fertil Steril. 2018; 110(1):95—
102 e1. https://doi.org/10.1016/j.fertnstert.2018.03.032 PMID: 29908774

Murugappan G, Shahine LK, Perfetto CO, Hickok LR, Lathi RB. Intent to treat analysis of in vitro fertili-
zation and preimplantation genetic screening versus expectant management in patients with recurrent
pregnancy loss. Hum Reprod. 2016; 31(8):1668—74. https://doi.org/10.1093/humrep/dew135 PMID:
27278003

Rubio C, Buendia P, Rodrigo L, Mercader A, Mateu E, Peinado V, et al. Prognostic factors for preim-
plantation genetic screening in repeated pregnancy loss. Reprod Biomed Online. 2009; 18(5):687-93.
https://doi.org/10.1016/s1472-6483(10)60015-6 PMID: 19549449

Ryynanen M, Leskinen S, Heinonen S, Kirkinen P. Recurrence risk of a serious, noninherited chromo-
somal abnormality. Fertil Steril. 1997; 68(3):439-42. https://doi.org/10.1016/s0015-0282(97)00224-0
PMID: 9314911

Marquard K, Westphal LM, Milki AA, Lathi RB. Etiology of recurrent pregnancy loss in women over the
age of 35 years. Fertil Steril. 2010; 94(4):1473-7. https://doi.org/10.1016/j.fertnstert.2009.06.041
PMID: 19643401

Warburton D, Kline J, Stein Z, Hutzler M, Chin A, Hassold T. Does the karyotype of a spontaneous abor-
tion predict the karyotype of a subsequent abortion? Evidence from 273 women with two karyotyped
spontaneous abortions. Am J Hum Genet. 1987; 41(3):465-83. PMID: 3631080

Klimczak AM, Pacheco LE, Lewis KE, Massahi N, Richards JP, Kearns WG, et al. Embryonal mitochon-
drial DNA: relationship to embryo quality and transfer outcomes. J Assist Reprod Genet. 2018; 35
(5):871-7. https://doi.org/10.1007/s10815-018-1147-z PMID: 29508122

Treff NR, Zhan Y, Tao X, Olcha M, Han M, Rajchel J, et al. Levels of trophectoderm mitochondrial DNA
do not predict the reproductive potential of sibling embryos. Hum Reprod. 2017; 32(4):954—-62. https:/
doi.org/10.1093/humrep/dex034 PMID: 28333210

Veleva Z, Orava M, Nuojua-Huttunen S, Tapanainen JS, Martikainen H. Factors affecting the outcome
of frozen-thawed embryo transfer. Hum Reprod. 2013; 28(9):2425-31. https://doi.org/10.1093/humrep/
det251 PMID: 23756705

PLOS ONE | https://doi.org/10.1371/journal.pone.0227619  January 13, 2020 15/15


https://doi.org/10.1093/humrep/deq143
http://www.ncbi.nlm.nih.gov/pubmed/20542896
https://doi.org/10.1007/s10815-016-0712-6
http://www.ncbi.nlm.nih.gov/pubmed/27098058
https://doi.org/10.1093/humrep/dey004
http://www.ncbi.nlm.nih.gov/pubmed/29394365
https://doi.org/10.1016/j.fertnstert.2018.03.032
http://www.ncbi.nlm.nih.gov/pubmed/29908774
https://doi.org/10.1093/humrep/dew135
http://www.ncbi.nlm.nih.gov/pubmed/27278003
https://doi.org/10.1016/s1472-6483(10)60015-6
http://www.ncbi.nlm.nih.gov/pubmed/19549449
https://doi.org/10.1016/s0015-0282(97)00224-0
http://www.ncbi.nlm.nih.gov/pubmed/9314911
https://doi.org/10.1016/j.fertnstert.2009.06.041
http://www.ncbi.nlm.nih.gov/pubmed/19643401
http://www.ncbi.nlm.nih.gov/pubmed/3631080
https://doi.org/10.1007/s10815-018-1147-z
http://www.ncbi.nlm.nih.gov/pubmed/29508122
https://doi.org/10.1093/humrep/dex034
https://doi.org/10.1093/humrep/dex034
http://www.ncbi.nlm.nih.gov/pubmed/28333210
https://doi.org/10.1093/humrep/det251
https://doi.org/10.1093/humrep/det251
http://www.ncbi.nlm.nih.gov/pubmed/23756705
https://doi.org/10.1371/journal.pone.0227619

