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Abstract
Purpose To compare clinical outcomes following transfer of euploid blastocysts of varying quality biopsied on day 5 versus 
day 6.
Methods Retrospective cohort study to evaluate embryo transfer outcomes for women undergoing autologous cryopreserved 
next generation sequencing euploid single embryo transfer from 10/2015 to 2/2022 at an academic IVF program. The pri-
mary outcome was live birth rate (LBR). Secondary outcomes included ongoing pregnancy rate (OPR), implantation rate 
(IR), and miscarriage rate (SAB rate).
Results Five hundred and fifty-five transfers from 418 patients were analyzed. Euploid embryos biopsied on day 5 resulted 
in higher LBR compared to those biopsied on day 6 (62.3% vs. 49.6%; aRR 0.81 95% CI 0.65–0.996). When stratified by 
biopsy day and blastocyst quality, there was no difference in IR, OPR, and SAB rate for good, fair, and poor quality blasto-
cysts biopsied on day 5 versus day 6. However, day 5 good quality embryos were associated with a higher LBR compared 
to day 6 good quality embryos (74.3% vs. 51.3%; aRR 0.69; 95% CI 0.48–0.999). There were no significant differences in 
LBR for fair and poor quality embryos biopsied on day 5 versus day 6.
Conclusion Overall LBR are higher for euploid embryos biopsied on day 5 versus day 6. When stratified by embryo qual-
ity and day of biopsy, LBR are significantly higher for good quality day 5 versus day 6 embryos. When choosing between 
multiple euploid embryos, day 5 biopsied good quality embryos should be preferentially selected for transfer over day 6 
embryos of the same quality.
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Introduction

With the rapid advancements in technology for assisted 
reproduction, preimplantation genetic testing for ane-
uploidy (PGT-A) has become a frequently utilized ART 
procedure to genetically screen embryos prior to trans-
fer [1]. While much is known regarding outcomes fol-
lowing the transfer of PGT-A embryos, there are limited 
data to suggest how to choose which euploid embryo to 
transfer when multiple euploid embryos are available. 
Capalbo et al. demonstrated no difference in implantation 
rate for euploid embryos based on embryo morphology, 
with equivalent implantation for excellent, good, aver-
age, and poor euploid embryos [2]. Gonzalez et al. also 
noted no difference in implantation, pregnancy, and live 
birth rates by embryo quality [3]. In contrast, Irani et al. 
and Zhao et al. both demonstrated increased pregnancy 
rates for euploid embryos with higher morphologic scores 
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[4, 5]. Regarding day of embryo biopsy, Capalbo et al. 
showed that day of biopsy did not affect implantation rate; 
embryos biopsied and frozen on day 5 had an implanta-
tion rate of 48.8% compared to 51.2% for day 6 embryos 
[2]. Gonzalez et al. also noted no significant difference in 
implantation rates (OR 0.6 95%CI 0.4–1.2) and live birth 
rates (OR 0.3 95%CI 0.1–1.3) when comparing euploid 
embryos biopsied on day 5 versus day 6 [3]. Alternatively, 
Irani et al. demonstrated lower implantation and live birth 
rates for euploid blastocysts biopsied and frozen on day 6 
as compared to those on day 5 (44.6% vs. 66.7% and 44.8% 
vs. 60.4%, respectively) [6].

In all prior studies, except for the Gonzalez et al. study, 
PGT-A was performed using array comparative genome 
hybridization (aCGH). With advancements in karyotype 
testing technology, most preimplantation genetic testing 
is currently performed using next generation sequencing 
(NGS), which offers improved accuracy in assessing inci-
dence of ploidy compared to aCGH [7].

In this study, we aim to investigate how day of trophec-
toderm biopsy and freeze affects clinical outcomes, spe-
cifically implantation, ongoing pregnancy, and live birth 
rates for embryos tested with NGS. We hypothesize that 
NGS-tested euploid embryos that were biopsied and frozen 
on day 5 have improved clinical outcomes compared to 
those of equivalent morphologic quality biopsied and fro-
zen on day 6. Additionally, we hypothesize that embryos 
biopsied on day 5 with lower morphologic scores are asso-
ciated with at least equivalent clinical outcomes compared 
to those biopsied on day 6 with higher morphologic scores.

Materials and methods

This study was approved by the Partners HealthCare Insti-
tutional Review Board (Protocol Number 2020P000630).

Cycle selection

This was a retrospective cohort study of cryopreserved 
NGS euploid single embryo transfers performed from 
10/2015 to 2/2022 at the Center for Infertility and Repro-
ductive Surgery at Brigham and Women’s Hospital, Bos-
ton, Massachusetts. Embryos from autologous IVF or 
ICSI cycles were included. Cycles were excluded if (i) 
egg donation or in vitro maturation was used, (ii) embryos 
were imported from another institution, (iii) embryos were 
frozen at the two pronuclear (2pn) or cleavage stage then 
thawed and cultured to blastocyst stage for biopsy, and (iv) 
embryos were thawed then biopsied and refrozen.

Clinical protocols

Standard controlled ovarian hyperstimulation and monitoring 
protocols were used. Gonadotropin doses were determined 
based on age, serum antimullerian hormone levels, antral fol-
licular count, body mass index (BMI), and previous response 
to stimulation. Ovarian stimulation was performed with the 
use of exogenous gonadotropins (Gonal-F, EMD-Serono; 
Menopur, Ferring Pharmaceuticals). Pituitary suppression 
was attained with the use of GnRH antagonist (Cetrotide, 
EMD-Serono) or GnRH agonist (leuprolide acetate, Abbott 
Laboratories). Gonadotropin dosage was adjusted according 
to each patient’s response to stimulation, which was moni-
tored with the use of transvaginal ultrasound and serial  E2 
levels. When at least two follicles reached a mean diameter of 
18 mm, final oocyte maturation was triggered with the use of 
hCG (Pregnyl, Arganon Pharmaceuticals or Novarel, Ferring 
Pharmaceuticals) and/or GnRH agonist (leuprolide acetate, 
Abbott Laboratories). The dose of hCG was tailored based on 
serum  E2 levels on the day of trigger and number of follicles. 
Patients considered to be at risk for ovarian hyperstimulation 
syndrome (OHSS) were given 5000 units of hCG or a com-
bination trigger (leuprolide acetate 40 units with 1500 units 
hCG). Ultrasound-guided oocyte retrieval was performed 
under intravenous general anesthesia 36–37 h after trigger.

Patients with regular menstrual cycles were offered ‘‘natu-
ral’’ cryopreserved embryo transfer (CET) cycles. Luteiniz-
ing hormone (LH) levels were monitored during the follicular 
phase to identify the LH surge with urinary testing at home 
and serum LH confirmation, or with daily serum LH meas-
urements starting on cycle day 10. Blastocyst transfer was 
performed 6 days after the LH surge. Most patients received 
vaginal progesterone supplementation (Crinone; Allergan 
Pharmaceuticals), which was initiated 3 days after LH surge.

Anovulatory patients, and those desiring hormonal-regu-
lated cycles, underwent ‘‘programmed’’ cycles. Estradiol  (E2) 
was supplemented with tablets (Estrace, Allergan Pharmaceu-
ticals) given orally or vaginally, or by using estrogen patches 
(Climara, Sandoz vs. Bayer Pharmaceuticals). Following at 
least 14 days of  E2 administration, and once adequate endo-
metrial thickness was achieved (at least 7 mm), daily intramus-
cular progesterone (50 mg, AuroMedics Pharma LLC) was 
initiated. Embryos were transferred after 6 days of exposure 
to exogenous progesterone. Patients with a serum progesterone 
level of < 20 ng/mL on the day of transfer increased their daily 
progesterone dose by 50–100%.

Laboratory protocols

All laboratory procedures were conducted in a well-estab-
lished high-complexity embryology lab with highly trained 
embryologists with a minimum of 5-year experience and 
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bi-annual quality assurance training. There were no changes 
in laboratory staff during the study period. All gametes and 
embryos were cultured at 37 °C in a dry benchtop incu-
bator under an atmosphere of  CO2 (5–6%),  O2 (5%), and 
 N2 (89–90%) at a pH of 7.3. IVF or ICSI was performed 
4–6 or 3–5 h after oocyte retrieval, respectively, followed 
by a fertilization check 16–18 h after fertilization. A single 
step medium (25 μL microdrops, Global Total, IVFOnLine, 
Guelph, Ontario, Canada under mineral oil) was used to cul-
ture 2pn zygotes (one zygote/drop).

Embryos were evaluated on day 3 between 66 and 69 h 
post-insemination, underwent assisted hatching using laser 
pulses (ZILOS-tk laser; Hamilton Thorne) and then moved 
to individual fresh 25-μL microdrops of equilibrated 
Global Total medium for culture to day 5/6. Embryo mor-
phology was evaluated on day 5 between 112 and 115 h and 
scored according to the stage of development and, if at the 
blastocyst stage, by quality of the inner cell mass (ICM) 
and trophectoderm (TE) [8]. The stages and grades of those 
blastocysts eligible for biopsy in our program are shown 
in Supplemental Table 1. Expanding blastocysts and any 
blastocyst with a “C” grade for both the ICM and TE, or a 
“D” for either the ICM or TE were considered ineligible. 
Embryos that were ineligible for biopsy or freeze on day 5 
were left in culture and re-evaluated on day 6.

The embryos were biopsied on day 5 or day 6 once biopsy 
criteria were met. Biopsies were performed using standard 
techniques by embryologists certified to perform the pro-
cedure. Briefly, the embryo was immobilized with the use 
of a holding pipette and three to five cells were aspirated 
by means of a biopsy pipette with an internal diameter of 
20–30 µm. The biopsied specimens were exposed to wash 
buffer, and the cells were placed in 0.2-mL polymerase chain 
reaction tubes with a 2–3 µL lysis buffer. The specimens 
were stored at either − 20 °C or − 80 °C (depending on the 
predetermined genetic testing lab) prior to being sent for 
analysis. Specimens were sent to well-established genetic 
testing labs with internal quality control (Cooper Genomics, 
Reprogenetics or RGI). The biopsied blastocysts were frozen 
by standard closed-system vitrification technique (Cryolock 
straws and vitrification media, Irvine Scientific, Santa Ana, 
CA). Embryos that were determined by PGT-A to be euploid 
were eligible for transfer.

Outcome measures

The primary outcome was live birth rate defined as the birth 
of at least one viable live born infant per embryo transfer. 
Secondary outcomes included ongoing pregnancy rate per 
embryo transferred defined as evidence of an intrauterine 
pregnancy with fetal cardiac activity at discharge of care 
to the patient’s primary obstetrician (7–8 weeks gestational 

age), implantation rate, and miscarriage rate. Implantation 
rate was defined as the number of gestational sacs divided 
by the number of embryos transferred. Miscarriage rate was 
defined as the loss of pregnancy after confirmation of a ges-
tational sac.

Statistical analysis

Means and standard deviations were generated for continu-
ous variables and frequencies and proportions for categorical 
variables. Statistical significance was assessed using Wil-
coxon rank sum tests for continuous variables and chi square 
tests for categorical variables. Relative risks (RR) and 95% 
confidence intervals (CI) were generated using log-binomial 
regression and were adjusted for age and body mass index 
(BMI). When the algorithm did not converge, relative risks 
were adjusted for age alone. Generalized estimating equa-
tions were used to account for patients contributing more 
than one cycle. An alpha of 0.05 was considered statisti-
cally significant. All statistical analyses were performed with 
SAS® version 9.4 (Cary, NC, USA).

Results

A total of 551 embryo transfers from 418 patients were included. 
Demographic characteristics of the cycles involving transfers 
following day 5 biopsy (n = 353) and day 6 biopsy (n = 198) 
are shown in Table 1. Aside from a higher AMH for the day 5 
biopsy group compared to the day 6 group (p = 0.02), the two 

Table 1  Demographic and cycle characteristics of cycles involving 
cryopreserved embryo transfer of euploid embryos biopsied on day 
5 or 6

Values represent mean (SD) for continuous or n (%) for categorical
* Parity missing day 5 biopsy = 49; day 6 biopsy = 32
PGT-M, preimplantation genetic testing for monogenic disorders, 
PGT-SR, preimplantation testing for structural rearrangements

Parameter Day 5 biopsy
(N = 353)

Day 6 biopsy
(N = 198)

Age at retrieval (y) 35.8 (3.6) 36.1 (3.7)
BMI at retrieval (kg/m2) 25.3 (5.8) 24.8 (5.1)
AMH (ng/mL) 3.8 (3.1) 3.0 (2.1)
Gravidity 1.5 (1.7) 1.6 (1.7)
Null gravidity 137 (38.8%) 64 (32.3%)
Null Pparity* 194 (63.8%) 101 (60.8%)
Natural cycle CET 141 (39.9%) 87 (43.9%)
PGT-M or PGT-SR with PGT-A 67 (19.0%) 49 (24.8%)
Aneuploidy rate (%) 27.1 (31.2) 30.2 (31.2)
Number of cells biopsied 5.4 (1.2) 5.4 (1.1)
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groups had similar population and cycle characteristics. Ane-
uploidy rates by day of biopsy were similar for the cycles con-
tributing euploid embryos to the study population (day 5: 27.1% 
SD = 31.2, day 6: 30.2% SD = 31.2).

Analysis by day of biopsy

Live birth rates were higher for embryos biopsied on day 5 
compared to those biopsied on day 6 when combining all 
transfers irrespective of blastocyst quality (62.3% vs. 49.6%; 
aRR 0.81 95% CI 0.65–0.996). There was no significant 
difference in implantation, ongoing pregnancy, and miscar-
riage rates when comparing day 5 to day 6 euploid embryos 
(implantation rate: 70.0% vs. 63.1%, RR 0.90, 95%CI 
0.80–1.02; ongoing pregnancy rate: 65.4% vs. 56.6%, aRR 
0.87, 95%CI 0.75–1.003; miscarriage rate: 7.4% vs. 7.1%, 
aRR 0.98, 95%CI 0.52–183; day 5 versus day 6, respec-
tively) (Table 2).

Analysis by blastocyst quality

When cycles were stratified by embryo quality without 
regard to day of biopsy, poor quality embryos resulted in 
statistically significantly lower implantation (RR 0.70, 
95%CI 0.53–0.90), ongoing pregnancy (aRR 0.67, 95%CI 
0.51–0.88) and live birth (aRR 0.70, 95%CI 0.50–0.97) rates 
compared with good quality embryos (Table 3). Both fair 
and poor quality embryos had significantly higher miscar-
riage rates compared to good quality embryos (fair: 9.5% vs. 
1.9%, aRR 4.94, 95%CI 1.53–16.0); poor: 8.6% vs. 1.9%, 
aRR 4.40. 95% CI 1.13–17.1).

Analysis by blastocyst quality and day of biopsy

Stratification by blastocyst quality and then comparison of 
outcomes by day of embryo biopsy, revealed a similar trend 

of improved live birth rate for day 5 embryos compared 
with day 6 embryos for good quality embryos (Table 4); 
day 5 good quality embryos had a higher live birth rate 
compared to day 6 good quality embryos (74.3% vs. 51.3%, 
aRR 0.69, 95%CI 0.48–0.999). There was no significant 
difference in implantation, ongoing pregnancy, and miscar-
riage rates for good quality embryos (IR 75.0% vs. 65.5%, 
RR 0.87, 95%CI 0.71–1.07; OPR 75.0% vs. 61.9%, aRR 
0.83, 95%CI 0.67–1.02; SAB rate: 1.4% vs. 2.4%, aRR 
1.95, 95%CI 0.18–21.5, respectively). Live birth rates were 
also higher for fair and poor quality embryos biopsied on 
day 5 compared to those biopsied on day 6, but the differ-
ences were not significant (fair: 61.4% vs. 54.6%, aRR 0.90, 
95%CI 0.70–1.17; poor: 51.9% vs. 37.9%, aRR 0.68, 95%CI 
0.39–1.20). There were no significant differences in implan-
tation, ongoing pregnancy, and miscarriage rates for both 
fair and poor quality embryos biopsied on day 5 compared 
to those biopsied on day 6.

Analysis of day 5 fair and poor quality blastocysts 
compared with day 6 good quality blastocysts

In addition to the above analyses, it was of interest to inves-
tigate outcomes of fair and poor quality day 5 embryos com-
pared with those associated with good quality day 6 embryos 
(Supplemental Table 2). Fair quality day 5 embryos and 
good quality day 6 embryos had equivalent rates of implanta-
tion, (71.1% vs. 65.5%, RR 1.09, 95%CI 0.91–1.29) ongoing 
pregnancy (64.7% vs. 61.9%, aRR 1.04, 95%CI 0.86–1.25), 
and live birth (61.4% vs. 51.3%, RR 1.16, 95%CI 0.85–1.60). 
Similarly, poor quality day 5 embryos and good quality day 
6 embryos had equivalent rates of implantation, (50.0% vs. 
65.5%, RR 0.76, 95%CI 0.52–1.12) ongoing pregnancy 
(50.0% vs. 61.9%, aRR 0.82, 95%CI 0.56–1.18), and live 
birth (51.9% vs. 51.3%, RR 0.96, 95%CI 0.60–1.55). How-
ever, the miscarriage rate for poor quality day 5 embryos was 

Table 2  Clinical outcomes following transfer of a euploid embryo biopsied on day 5 or day 6

Values represent n (%)
* Live birth data available for embryo transfers prior to May 1, 2021. Missing due to loss to follow-up prior to May 1, 2021 (day 5 biopsy = 1)
Relative risks adjusted for patient age and BMI
n/a = adjusted statistics were not performed since implantation rate was calculated as a pooled effect estimate
Of note, the 95% CI for adjusted RR for live birth rate is 0.65–0.996, which is significant. The unadjusted RR and Adjusted RR for ongoing 
pregnancy rate are not significant (95% CI for both: 0.75–1.003)

Day 5 biopsy (N = 353)
Referent

Day 6 biopsy  
(N = 198)

Unadjusted RR  
(95% CI)

Adjusted RR
(95% CI)

Implantation rate 247 (70.0) 125 (63.1) 0.90 (0.80, 1.02) n/a
Miscarriage rate 26 (7.4) 14 (7.1) 0.96 (0.51, 1.79) 0.98 (0.52, 1.83)
Ongoing pregnancy rate 231 (65.4) 112 (56.6) 0.86 (0.75, 1.00) 0.87 (0.75, 1.00)
Live birth rate* 137/220 (62.3) 61/123 (49.6) 0.80 (0.64, 0.98) 0.81 (0.65, 1.00)
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higher than that of good quality day 6 embryos (12.5% vs. 
2.4%; RR 5.25, 95%CI 1.02–26.9).

Discussion

In this study, we investigated the associations between day 
of trophectoderm biopsy, morphological quality, and clini-
cal outcomes for NGS-tested euploid single embryo trans-
fer cycles. We observed higher live birth rates for embryos 
biopsied on day 5 compared to those biopsied on day 6. 
When stratified by embryo quality, we found a 23% higher 

live birth rate for good quality day 5 embryos compared to 
good quality day 6 embryos. There was no statistical dif-
ference in implantation, ongoing pregnancy, or miscarriage 
rates between embryos biopsied on day 5 versus day 6, even 
when stratified by embryo quality.

Taken together, these results indicate that both day of 
embryo biopsy and morphologic score are important consid-
erations when selecting which high quality euploid embryo 
to transfer. These results support our hypothesis that good 
quality embryos biopsied and frozen on day 5 have improved 
live birth rates compared to embryos that are biopsied and 
frozen on day 6. When considering morphologic grade, the 

Table 3  Association between clinical outcome and quality of euploid embryos

Values represent n (%)
* Live birth data available for embryo transfers prior to May 1, 2021. Missing due to loss to follow-up prior to May 1, 2021 (fair = 1)
Relative risks adjusted for patient age and BMI
n/a = adjusted statistics were not performed since implantation rate was calculated as a pooled effect estimate

Good 
(N = 156)
Referent

Fair
(N = 325)

Unadjusted RR 
(95% CI)

Adjusted RR 
(95% CI)

Poor
(N = 70)

Unadjusted RR 
(95% CI)

Adjusted RR  
(95% CI)

Implantation rate 109 (69.9) 229 (70.5) 1.01 (0.89, 1.14) n/a 34 (48.6) 0.70 (0.53, 0.90) n/a
Miscarriage rate 3 (1.9) 31 (9.5) 4.96 (1.54, 16.0) 4.94 (1.53, 16.0) 6 (8.6) 4.46 (1.16, 17.2) 4.40 (1.13, 17.1)
Ongoing preg-

nancy rate
106 (68.0) 205 (63.1) 0.93 (0.82, 1.06) 0.92 (0.81, 1.04) 32 (45.7) 0.67 (0.51, 0.88) 0.67 (0.51, 0.88)

Live birth rate* 46/74 (62.2) 127/213 (59.6) 0.96 (0.78, 1.17) 0.94 (0.78, 1.13) 25/56 (44.6) 0.72 (0.51, 1.01) 0.70 (0.50, 0.97)

Table 4  Association between clinical outcome and quality of embryos biopsied on day 5 versus day 6

* Live birth data available for embryo transfers prior to May 1, 2021. Missing due to loss to follow-up prior to May 1, 2021 (day 5 biopsy, 
fair = 1)
a Relative risks adjusted for patient age
b Relative risks adjusted for patient age and BMI
n/a = adjusted statistics were not performed since implantation rate was calculated as a pooled effect estimate
n/a* = algorithm did not converge
Of note, the 95% CI for  adjusteda RR for live birth rate is 0.48–0.9999, which is significant

Blastocyst quality Day 5 biopsy
Referent

Day 6 biopsy Unadjusted RR
(95% CI)

Adjusteda RR
(95% CI)

Adjustedb RR
(95% CI)

Implantation rate Good 54/72 (75.0) 55/84 (65.5) 0.87 (0.71, 1.07) n/a n/a
Fair 177/249 (71.1) 52/76 (68.4) 0.96 (0.81, 1.14) n/a n/a
Poor 16/32 (50.0) 18/38 (47.4) 0.95 (0.59, 1.53) n/a n/a

Miscarriage rate Good 1/72 (1.4) 2/84 (2.4) 1.71 (0.16, 18.4) 1.95 (0.18, 21.5) n/a*
Fair 21/249 (8.4) 10/76 (13.2) 1.56 (0.77, 3.15) 1.56 (0.77, 3.14) 1.62 (0.79, 3.33)
Poor 4/32 (12.5) 2/38 (5.3) 0.42 (0.08, 2.21) 0.42 (0.08, 2.19) 0.39 (0.08, 2.00)

Ongoing pregnancy rate Good 54/72 (75.0) 52/84 (61.9) 0.83 (0.67, 1.02) 0.83 (0.67, 1.03) 0.83 (0.68, 1.01)
Fair 161/249 (64.7) 44/76 (57.9) 0.90 (0.72, 1.11) 0.91 (0.74, 1.12) 0.91 (0.74, 1.11)
Poor 16/32 (50.0) 16/38 (42.1) 0.84 (0.52, 1.37) 0.84 (0.52, 1.35) 0.85 (0.52, 1.37)

Live birth rate* Good 26/35 (74.3) 20/39 (51.3) 0.69 (0.48, 0.99) 0.69 (0.48, 1.00) n/a*
Fair 97/158 (61.4) 30/55 (54.6) 0.89 (0.68, 1.16) 0.91 (0.70, 1.18) 0.90 (0.70, 1.17)
Poor 14/27 (51.9) 11/29 (37.9) 0.73 (0.41, 1.31) 0.76 (0.43, 1.32) 0.68 (0.39, 1.20)
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fact that fair quality day 5 embryos perform similarly to 
good quality day 6 embryos supports our hypothesis that 
lower quality day 5 embryos are associated with at least 
equivalent outcomes to good quality day 6 embryos. Poor 
quality day 5 embryos had similar ongoing pregnancy and 
live birth rates as day 6 good quality embryos, but a signifi-
cantly higher miscarriage rate (12.5% vs. 2.4%, RR 5.25, 
95%CI 1.02–26.9). However, this difference should be inter-
preted with caution given the small sample sizes and wide 
confidence interval.

PGT-A has become an increasingly common approach 
to select the “best” embryo for transfer. Pregnancy rates are 
higher in good prognosis patients undergoing PGT-A with 
the transfer of one euploid embryo compared to embryo 
selection based on morphology alone [9, 10]. However, the 
transfer of a euploid embryo does not ensure a pregnancy. 
In addition, there may be a difference in pregnancy rates 
between euploid embryos dependent on blastocyst devel-
opment rate and morphologic scores. While some studies 
demonstrate equivalent implantation and ongoing pregnancy 
rates when comparing euploid embryos with differential 
development rates and morphology [2, 11], other studies 
demonstrate poorer outcomes for day 6 embryos and those 
with lower morphologic scores [5, 6]. These previous stud-
ies assessed embryo ploidy status with aCGH. NGS detects 
ploidy status more accurately than aCGH [7]; therefore, 
most embryo chromosomal analysis is currently performed 
on NGS platforms. The study by Gonzalez et al. analyzed 
embryo transfer outcomes for euploid embryos tested on 
NGS platforms, but the authors report outcomes by day of 
biopsy and embryo quality separately, not together [3]. Addi-
tionally, the study is relatively small (179 blastocysts com-
pared to our 551) and the authors did not control for BMI in 
their analysis. Elevated BMI has been correlated with lower 
live birth and higher miscarriage rates with euploid embryo 
transfer [12]. Given discordant outcomes reported in the lit-
erature and the increased use of NGS, we compared clinical 
outcomes for NGS euploid embryos by both day of biopsy 
and blastocyst morphology.

Our findings demonstrate statistically similar implanta-
tion and ongoing pregnancy rates, but significantly higher 
live birth rates for euploid embryos biopsied on day 5 com-
pared to those biopsied on day 6 (implantation rate 70% vs. 
63%, ongoing pregnancy rate 65% vs. 57%, live birth rate 
62% vs. 50%). When untested embryos are transferred in 
fresh autologous cycles, day 5 embryos have higher implan-
tation and pregnancy rates than day 6 embryos [13, 14]. 
The proposed physiologic explanation for this difference is 
the presence of embryo-endometrial asynchrony with day 6 
embryo transfers. However, a similar trend has been noted 
in CET cycles, with increased pregnancy and live birth rates 
noted for more rapidly advancing embryos [14–17]. Some 
studies have demonstrated higher aneuploidy rates in day 6 

embryos compared to day 5 embryos, which may account for 
these proposed differences [2, 18]. However, when evaluat-
ing only euploid embryo transfers, data on clinical outcomes 
are inconsistent. Some studies report equivalent implanta-
tion and pregnancy rates for euploid embryos biopsied and 
frozen on day 5 versus day 6 [2, 3, 18], while other stud-
ies demonstrate improved outcomes with transfer of day 5 
embryos [6]. While we observed no statistically significant 
difference in implantation and pregnancy rates between day 
5 and day 6 embryos in our study, there was a significant 
improvement in live birth with transfer of a euploid embryo 
biopsied on day 5 over an embryo biopsied on day 6.

Many studies have demonstrated the importance of blas-
tocyst morphologic scoring in embryo selection for transfer. 
The three features correlated with pregnancy and live birth 
are stage (i.e., degree of blastocyst expansion and hatching 
status), grade of the inner cell mass, and grade of the tro-
phectoderm [19, 20]. The rationale for using morphologic 
scoring in the absence of PGT-A to select an embryo for 
transfer is to increase the likelihood of selecting a euploid 
embryo [2]. While high-quality embryos are more likely 
to be euploid, aneuploid embryos can also be high quality 
and euploid embryos can be of low quality [2, 21]. PGT-A 
increases the likelihood of selecting a euploid embryo for 
transfer and although it is not a perfect test due to false posi-
tives and false negatives, based on the results of our study 
and others, we should not disregard morphologic grading 
when selecting between multiple euploid embryos. Blasto-
cyst morphology impacts clinical outcomes even when trans-
ferring a euploid embryo [4, 5]. In our study, good quality 
euploid embryos had significantly higher live birth rates 
compared to poor quality euploid embryos. This contradicts 
the findings by Gonzalez et al. who demonstrated equivalent 
ongoing live birth rates for euploid embryos regardless of 
morphologic score [3].

When stratified by both embryo quality and day of biopsy, 
day 5 good quality embryos had a significantly higher live 
birth rate compared to good quality day 6 embryos (74.3% 
vs. 51.3%). There were no significant differences in clinical 
outcomes for fair or poor quality embryos when comparing 
those biopsied on day 5 versus day 6. Fair and poor quality 
day 5 embryos had equivalent implantation, ongoing preg-
nancy, and live birth rates as compared with good quality 
day 6 embryos, but poor quality day 5 embryos had higher 
miscarriage rates. Our findings for good quality embryos are 
consistent with the results from Irani et al. using aCGH for 
embryo ploidy analysis [6], whereas our findings for lower 
quality embryos are more consistent with the results from 
Capalbo et al. and Gonzalez et al. [2, 3]. Both developmental 
rates and morphologic scores should be considered when 
choosing between multiple good quality euploid embryos 
for transfer and can be considered when choosing among 
multiple lower quality euploid embryos.
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When designing a protocol for selecting which euploid 
embryo should be transferred, one option would be to prior-
itize transferring all day 5 embryos first over day 6 embryos. 
However, given the higher miscarriage rate for poor quality 
day 5 embryos as compared to good quality day 6 embryos, 
we argue for a more conservative approach. Based on the 
findings we present, we propose choosing to transfer good 
quality day 5 embryos as first priority, followed by good 
quality day 6 embryos or fair quality day 5 or 6 embryos as 
second priority, day 5 poor quality embryos selected as third 
priority, and day 6 poor quality embryos as fourth priority 
(Supplemental Table 3). In addition to considering clinical 
outcomes, the higher risk of degeneration post-warming [22] 
is a further argument for reserving poor quality embryos 
for transfer only after higher quality euploid embryos have 
been transferred.

Our study is limited in its retrospective design and lim-
ited sample size for stratified outcomes. While the study 
was powered to detect a 22% difference in implantation rate 
between day 5 and day 6 embryos, the comparison groups 
for poor quality day 5 versus day 6 embryos were small fol-
lowing stratification. A larger retrospective study or prospec-
tive cohort study would offer additional insight into factors 
associated with improved clinical outcomes. Long-term 
studies evaluating the association between day of embryo 
biopsy, morphology, and perinatal/childhood outcomes are 
also indicated. With the ever-advancing field of reproductive 
medicine, trophectoderm biopsy may become obsolete as it 
is replaced by non-invasive genetic testing platforms [23]. 
However, in the setting of current aneuploidy testing and 
embryo selection, our findings argue for meticulous assess-
ment of morphologic characteristics when selecting between 
euploid embryos for transfer.

Conclusion

Previous studies on untested embryos demonstrate that 
higher morphology scores and earlier blastulation are asso-
ciated with improved clinical outcomes. However, data are 
mixed regarding the impact of morphology and develop-
mental rate for euploid embryo transfer. The results of our 
study support the use of morphological grading when choos-
ing between multiple euploid embryos for transfer and that 
when day 5 and day 6 biopsied euploid embryos of the same 
quality are available, that day 5 embryos are preferentially 
selected for transfer.
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