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Objective

This study investigated the impact of blastocyst developmental stage and morphological grading on pregnancy outcomes following single euploid frozen-thawed blastocyst transfer (SE-FBT) in young patients with recurrent pregnancy loss (RPL) and balanced chromosomal translocations (BCTs), compared to patients with normal karyotypes.





Methods

A retrospective cohort analysis was performed on 449 SE-FBT cycles (2017–2023), comprising 177 cycles from patients with BCT and 272 cycles from patients with normal karyotypes. Blastocysts were categorized according to their developmental stage (day 5 [D5] versus day 6 [D6]) and morphological grading (good versus poor). Multivariable logistic regression models were used to adjust for potential confounders.





Results

Among BCT carriers, D5 blastocysts exhibited significantly higher clinical pregnancy rates (CPR: 83.33% vs. 62.86%; adjusted odds ratio [aOR] = 2.90, P = 0.005) and live birth rates (LBR: 75.00% vs. 51.43%; aOR = 2.6, P = 0.010) compared to D6 blastocysts, whereas morphological grading showed no significant association after adjustment. Among normokaryotypic patients, however, blastocyst morphological grading was the primary prognostic factor, with good-grade blastocysts yielding superior CPR (74.13% vs. 54.26%, aOR = 2.46, P = 0.001) and LBR (56.64% vs. 40.31%, aOR = 1.76, P = 0.039), while developmental stage had no significant effect.





Conclusions

These findings suggest that the developmental stage of the blastocyst is the primary determinant of successful outcomes in BCT-associated RPL, whereas embryo morphological grading predominantly influences pregnancy outcomes in RPL patients with normal karyotypes. These results highlight the importance of personalized embryo selection strategies based on parental chromosomal status and embryological characteristics to optimize reproductive outcomes in distinct RPL.





Keywords: recurrent pregnancy loss, developmental stage, morphological grading, euploid blastocyst transfer, pregnancy outcome, preimplantation genetic testing





Introduction

Recurrent pregnancy loss (RPL), defined as two or more consecutive pregnancy losses before 24 weeks of gestation, is a complex clinical challenge with multifactorial etiology (1). Embryonic chromosomal abnormalities constitute a major contributing factor, accounting for 50-60% of cases (2, 3). Advances in assisted reproductive technologies have led to the widespread adoption of preimplantation genetic testing (PGT) for selecting euploid blastocysts, thereby improving pregnancy success rates and reducing miscarriage risk (4, 5). However, even after euploid blastocyst transfer, certain patients—particularly those with RPL—remain susceptible to implantation failure or recurrent miscarriage (6, 7).

Emerging evidence has systematically investigated the effect of euploid blastocyst morphological grading and developmental stage (Day 5 vs. Day 6), on the pregnancy outcomes, as reviewed by Cimadomo et al. (8) Nevertheless, the existing literature presents conflicting conclusions. Some studies indicated a positive correlation between higher morphological grading and live birth rates(LBR) (9–11), while others reported a limited effect of morphological grading on LBR (12–14). Some studies concluded that euploid blastocysts on D5 had a higher live birth rate than those on D6 (15–17), while others showed comparable reproductive competence between the two groups (12, 13) (14, 18). Notably, while existing evidence is predominantly derived from studies involving general infertility populations (11) or well-defined cohorts meeting PGT for aneuploidy/structural rearrangements/monogenic disorders (PGT-A/SR/M) indications, limited data specifically address RPL patients - a clinically distinct population with unique pathophysiological profiles requiring targeted investigation.

In RPL patients, chromosomal abnormalities are detected in 1-5% of cases, among which balanced chromosomal translocations (BCT) represent the predominant cytogenetic anomaly (19). BCT carriers exhibit markedly reduced euploidy rates (26%) (20) compared to the 40% euploid proportion observed in cytogenetically normal counterparts (16). Notably, no studies to date have investigated whether the association between euploid blastocyst characteristics (morphological grading and developmental stage) and transfer outcomes is influenced by the chromosomal status of RPL patients.

The age-associated decline in reproductive capacity is multifactorial, encompassing not only elevated embryonic aneuploidy rates but also metabolic dysregulation and epigenetic reprogramming aberrations (21). While the exact mechanistic relationship between advanced maternal age and endometrial receptivity compromise continues to elicit scientific debate (22). Our investigation specifically focused on young RPL patients (< 38 years) to evaluate the interrelationship between euploid blastocyst parameters, parental chromosomal status, and pregnancy outcomes. This study aimed to establish an evidence-based approach for individualized euploid blastocyst selection in young RPL patients.





Materials and methods




Study design and population

This retrospective cohort study was conducted at the Reproductive Medicine Center of Henan Provincial People’s Hospital between January 2017 and September 2023. The study was approved by the Ethics Committee of our hospital. We systematically analyzed clinical data from our hospital’s electronic medical record system for patients with RPL undergoing PGT-A or SR and single euploid frozen-thawed blastocyst transfer (SE-FBT). All enrolled RPL patients with normal parental karyotypes had experienced at least one miscarriage attributable to confirmed embryonic chromosomal abnormalities.

The inclusion criteria comprised: 1) Couples where either partner carried BCT, including reciprocal and Robertsonian translocations or both had normal karyotypes; 2) Female partners aged < 38 years at cycle initiation; 3) Completion of at least one SE-FBT cycle involving day5/6 blastocysts. Exclusion criteria included: 1) Advanced maternal age (AMA ≥ 38 years); 2) Non-BCT chromosomal abnormalities in either partner; 3) Use of donor gametes in PGT-A/SR cycles; 4) Concomitant monogenic disorders or recurrent implantation failure (RIF); 5) Cases without euploid blastocysts available or incomplete first FBT before September 2023. The patient selection algorithm is detailed in Figure 1. Notably, mosaic blastocysts were systematically excluded from transfer protocols.

[image: Flowchart showing selection criteria and outcomes for cycles of recurrent pregnancy loss (RPL) patients starting controlled ovarian stimulation (COS) for preimplantation genetic testing (PGT-A/SR) from January 2017 to September 2023. Initial 930 cycles are reduced by exclusions like age, abnormal karyotypes other than BCT, and lack of viable embryos. Resulting in 149 BCT cycles and 207 normal cycles. Each is assessed at developmental stages (D5, D6) and morphological grading, categorized into good and poor quality.]
Figure 1 | Flowchart of the cycles’ selection. RPL, recurrent pregnancy loss; COS, controlled ovarian stimulation; PGT-A/SR, preimplantation genetic testing for aneuploidy/structural rearrangement; BCT, balanced chromosomal translocations; RIF, repeated implantation failure; FBT, frozen blastocyst transfer. *A PGT cycle has 1 FBT cycles.

Prior to treatment initiation, all participants received comprehensive genetic counseling regarding PGT’s clinical implications, technical limitations, and potential risks. Written informed consent for PGT procedures was obtained from all couples following institutional ethical guidelines.





Treatment protocols




Ovarian stimulation and embryo culture

Three established controlled ovarian stimulation (COS) protocols were employed: 1) GnRH agonist long protocol (early follicular phase long-acting or mid-luteal phase short-acting); 2) Flexible GnRH antagonist protocol; 3) Progestin-primed ovarian stimulation (PPOS) protocol. Specific protocol parameters followed published methodologies (23, 24). Individualized COS regimens were formulated based on comprehensive clinical parameters: maternal age, body mass index (BMI), antral follicle count (AFC), anti-Müllerian hormone (AMH) levels, baseline follicular status, prior ovarian response, and socioeconomic considerations. Gonadotropin dosing was dynamically adjusted through serial transvaginal ultrasonography (TVUS) and serum estradiol (E2) monitoring. Ovulation triggering criteria required ≥ 1 follicle ≥ 18mm or ≥ 2 follicles ≥ 17mm, with human chorionic gonadotropin (hCG) (4000-10000IU, Lizhu Pharmaceutical Trading) and/or GnRH agonist (0.1/0.2mg, triptorelin acetate, Ferring) based on follicular cohort characteristics and peak E2 levels. Oocyte retrieval was performed 34–37 hours post-trigger under TVUS guidance.





Embryo laboratory procedures

For all cycles, intracytoplasmic sperm injection (ICSI) was performed 4–6 h post-oocyte retrieval. Fertilization confirmation (two pronuclei) occurred 16–18 h post-ICSI. Embryos were cultured to blastocyst stage using Vitrolife sequential medium (Goteborg, Sweden) under controlled conditions (37°C, 6% CO2, 5% O2, 89% N2), with blastocyst grading preceding biopsy. Blastocyst morphology was independently assessed by two experienced embryologists using Gardner’s criteria (25), evaluating expansion degree (stage 1-6), inner cell mass (ICM), and trophectoderm (TE) morphology (for stage 3-6). Expansion stages were: 1 (Early; blastocoel < 50% embryo volume), 2 (blastocoel ≥ 50%), 3 (Full; blastocoel fills embryo completely), 4 (Expanded; blastocoel > early embryo volume, thinning zona), 5 (Hatching; trophectoderm herniating through zona), and 6 (Hatched; blastocyst fully escaped from zona). ICM was scored: A (dense, numerous cells), B (loose grouping, moderate cells), or C (sparse cells). TE was scored: A (cohesive, multicellular epithelium), B (fragmented epithelium, few cells), or C (minimal, enlarged cells). Embryos were categorized as: good quality: ≥ 3BB grade; poor quality: 3–6 AC/BC/CA/CB grades (13, 26).

TE biopsy was conducted on blastocysts meeting the minimum quality threshold (≥ 3BC/CB) using a laser-assisted system. For each blastocyst, 5–10 cells were biopsied. Following biopsy, all blastocysts were cryopreserved via vitrification. Genetic analysis for aneuploidy was performed using next-generation sequencing (NGS) on the MiSeqDx platform (Illumina, San Diego, CA, USA). Whole-genome amplification of biopsied cells was carried out with the SurePlex kit, followed by library preparation using the VeriSeq PGS Kit (Illumina), in strict accordance with the manufacturer’s instructions. In PGT-SR cases, next-generation sequencing with microdissecting junction region (MicroSeq) analysis was subsequently employed to differentiate non-carrier from balanced carrier embryos, as previously described (27).






Single euploid blastocyst transfer protocols

Prior to SE-FBT, all patients underwent standardized evaluations and treatments for RPL in accordance with established clinical guidelines (1). Patients with confirmed euploid blastocysts underwent SE-FBT, following three standardized endometrial preparation protocols: 1) Natural cycle (NC): Indicated for ovulatory women with regular cycles. Endometrial development was monitored by TVUS from cycle day 10. Progesterone was administered on the day of ovulation, followed by embryo transfer 5 days later; 2) Hormone replacement therapy (HRT): Designed for anovulatory women or those requiring controlled endometrial preparation. Oral estradiol valerate tablets were given at 2–4 mg daily starting on cycle day 2-4, with subsequent dose titration (4–8 mg daily) based on serial TVUS assessments for a minimum of 11 days. Endometrial thickness ≥ 8 mm or maximum estrogen exposure duration of 21 days triggered progesterone initiation, followed by transfer 6 days thereafter.; 3) GnRHa-HRT: Reserved for patients with implantation failure or endometriosis. Pituitary downregulation was achieved with single-dose GnRHa (Decapeptyl® 3.75 mg, Ferring) administered on cycle day 2-4. Following 14 days of downregulation (confirmed by serum estradiol < 50 pg/mL and absence of ovarian cysts > 10 mm), endometrial preparation proceeded as HRT protocol. Luteal phase support comprised oral dydrogesterone (Duphaston® 10mg twice daily, Abbott) and vaginal progesterone gel (Crinone® 90mg once daily, Merck Serono), maintained until 10 gestational weeks.





Pregnancy outcome assessment

Serum β-hCG levels were measured 14 days after ET. β-hCG ≥ 25 IU/L was considered indicative of a positive result. TVUS was performed 4–5 weeks after transfer. Outcome measures were calculated as follows: 1) Clinical pregnancy rate (CPR): number of clinical pregnancies/total number of transfer cycles × 100%; 2) Early miscarriage rate (EMR): number of the clinical pregnancy losses <12 gestational weeks/total number of clinical pregnancies × 100%; 3) Live birth rate (LBR): number of deliveries with ≥ 1 liveborn infant at ≥ 24 weeks’ gestation/total embryo transfer cycles) × 100%. Multifetal deliveries occurring within a single gestational cycle were documented as a single live birth event.





Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics (version 27.0; IBM Corp). Continuous variables were initially evaluated for normality distribution through the Shapiro-Wilk test, and were expressed as mean ± standard deviation (SD) or median (quartile 1-quartile 3) [M (P25, P75)]. Parametric and non-parametric tests, including Student’s t-test and Mann-Whitney U test, were used for comparative analyses. Categorical variables were presented as frequency counts with percentages (%) and analyzed using the Pearson’s Chi-square test. To account for the fact that multiple data points were derived from the same patient, data analysis was performed using generalized estimating equations (GEE). Multivariable logistic regression analysis was performed to assess the effect of embryo developmental stage and morphological grading on the pregnancy outcomes. Potential confounding variables were selected on the basis of univariable regression analyses with a significance level of P < 0.2 and a review of the existing literature. Results were expressed as adjusted odds ratio (aOR) and 95% confidence intervals (95%CI). P < 0.05 was considered statistically significant.






Results




Study population

As shown in Figure 1, a total of 177 FBT cycles after 149 PGT cycles of RPL patients with BCT (BCT cycles) and a total of 272 FBT cycles derived from 207 PGT cycles of RPL patients with normal karyotypes (normal cycles) were finally included in this study. We analyzed CPR, EMR and LBR based on developmental stage (D5 and D6) and morphological grading (good quality and poor quality). In the BCT cycles, 28 patients underwent two FBT cycles, while in the normal cycles, 38 patients had two FBT cycles, 12 patients had three FBT cycles, and 1 patient underwent four FBT cycles.





BCT cycles

Table 1 presents the baseline characteristics of the PGT cycles in RPL patients with BCT. The subtypes of BCT for all included patients are detailed in Supplementary Table 1. Table 2 summarizes the parameters of FBT cycles. Comparative analysis revealed no statistically significant differences in maternal age, BMI, number of previous miscarriages, endometrial thickness, or endometrial preparation protocol when comparing the D5 vs. D6 transfer groups (P > 0.05) and good vs. poor quality groups (P > 0.05). Notably, morphological grading demonstrated a significant disparity between D5 and D6 blastocysts (P = 0.001), with the D5 group exhibiting a higher proportion of good quality blastocysts (55.56% vs. 32.38%). Meanwhile, developmental stage analysis showed a significant difference between good and poor quality blastocysts (P = 0.001), where good quality blastocysts were predominantly observed in the D5 group (54.05% vs. 31.07%).


Table 1 | Baseline characteristics of the PGT cycles in RPL patients with balanced chromosomal translocations.
	Parameters
	Value



	Cycles (n)
	149


	Maternal age (years)
	29 (26,31)


	Paternal age (years)
	29 (27,32)


	Maternal BMI (kg/m2)
	23.23 (21.1,25.97)


	Paternal BMI (kg/m2)
	25.46 ± 3.62


	AFC (n)
	15 (12,20)


	Basal FSH (mIU/ml)
	6.39 (5.47,7.27)


	Basal E2 (pg/ml)
	35.17 (28.67,43.96)


	AMH (ng/ml)
	3.53 (2.52,5.09)


	No. of prior pregnancies (n)


	 2
	82 (55.03)


	 3
	39 (26.17)


	 4
	16 (10.74)


	 5
	6 (4.03)


	 ≥6
	6 (4.03)


	No. of previous miscarriages (n)


	 2
	97 (65.1)


	 3
	36 (24.16)


	 4
	11 (7.38)


	 ≥5
	5 (3.36)


	PCOS


	 Yes
	10 (6.71)


	 No
	139 (93.29)


	Type of COS protocols


	 Antagonist
	38 (25.5)


	 PPOS
	29 (19.46)


	 Long
	82 (55.03)


	Total dosage of Gn used (IU)
	2100 (1650,2625)


	Duration of Gn used (day)
	10 (9,11)


	E2 level on trigger day (pg/ml) a
	1810 (1171,2615)


	Endometrial thickness on trigger day (mm)
	9 (7,10)


	No. of oocytes retrieved per cycle (n)
	14 (10,18)


	MII rate per cycle (%)
	85.71 (73.33,95.24)


	2PN rate per cycle (%)
	83.33 (75,93.75)


	Cleavages rate per cycle (%)
	90.91 (83.33,100)


	Blastocyst formation rate per cycle (%)
	60 (45.45,75)


	No. of blastocyst biopsied per cycle (n)
	5 (3,7)


	No. of euploid embryos per cycle (n)
	2 (1,2)





BMI, body mass index; AFC, antral follicle count; FSH, follicle stimulating hormone; E2, estradiol; AMH, anti-Mullerian hormone; PCOS, polycystic ovary syndrome; COS, controlled ovarian stimulation; PPOS, progestin-primed ovarian stimulation; Gn, gonadotropin; PN, pronucleus.

aA total of 19 cycles with E2 levels above 3000 pg/ml and no specific values were recorded and therefore excluded from the statistical description.




Table 2 | Characteristics of frozen-thawed embryo transfer cycles in PRL patients with balanced chromosomal translocations.
	Parameters
	Developmental stage
	P value
	Morphological grading
	P value


	D5 (n=72)
	D6 (n=105)
	Good quality (n=74)
	Poor quality (n=103)



	Maternal age (years)
	28 (26, 31.5)
	30 (27, 32)
	0.230
	29.5 (27, 31)
	30 (27, 32)
	0.688


	Maternal BMI (kg/m2)
	23.59 (21.51, 26.11)
	23.15 (21.1, 26.04)
	0.641
	23.38 (21.8, 26.04)
	23.4 (21.08, 26.17)
	0.646


	No. of previous miscarriages (n)


	 2
	50 (69.44)
	65 (61.9)
	ref
	45 (60.81)
	70 (67.96)
	ref


	 3
	15 (20.83)
	28 (26.67)
	0.405
	21 (28.38)
	22 (21.36)
	0.261


	 4
	5 (6.94)
	7 (6.67)
	0.966
	7 (9.46)
	5 (4.85)
	0.136


	 ≥5
	2 (2.78)
	5 (4.76)
	0.461
	1 (1.35)
	6 (5.83)
	0.116


	Endometrial thickness (mm)
	9 (8, 9.9)
	8.9 (8.1, 9.9)
	0.975
	9 (8, 10)
	9 (8.2, 9.7)
	0.240


	Endometrial preparation


	 GnRHa-HRT
	13 (18.06)
	27 (25.71)
	0.348
	20 (27.03)
	20 (19.42)
	0.348


	 HRT
	58 (80.56)
	73 (69.52)
	0.210
	54 (72.97)
	77 (74.76)
	0.210


	 NC
	1 (1.39)
	5 (4.76)
	ref
	0 (0)
	6 (5.83)
	ref


	Developmental stage
	 
	 
	 
	 
	 
	0.001*


	 D5
	 
	 
	 
	40 (54.05)
	32 (31.07)
	 


	 D6
	 
	 
	 
	34 (45.95)
	71 (68.93)
	 


	Morphological grading
	 
	 
	0.001*
	 
	 
	 


	 Good quality
	40 (55.56)
	34 (32.38)
	 
	 
	 
	 


	 Poor quality
	32 (44.44)
	71 (67.62)
	 
	 
	 
	 





GnRHa, gonadotropin-releasing hormone agonist; HRT, hormone replacement treatment; NC, natural cycle.



Table 3 delineates the associations among blastocyst developmental stages, morphological grading, and pregnancy outcomes. D5 blastocysts demonstrated significantly superior CPR (83.33% vs. 62.86%, P = 0.003) and LBR (75.00% vs. 51.43%, P = 0.003) compared with D6 blastocysts. These associations retained statistical significance following multivariable adjustment (aOR = 2.90, 95% CI = 1.37-6.13, P = 0.005 for CPR; aOR = 2.60, 95% CI = 1.26-5.35, P = 0.010 for LBR). EMR showed no intergroup disparity (8.33% vs. 12.12%, P = 0.502).


Table 3 | The association between pregnancy outcomes, blastocyst developmental stage and morphological grading in RPL patients with balanced chromosomal translocations.
	
	Outcome
	OR (95% CI)
	P value
	aOR (95% CI)
	P value



	CPR, n (%)


	Developmental stage


	 D5
	60/72 (83.33)
	2.97 (1.44-6.11)
	0.003*
	2.90 (1.37-6.13)
	0.005*


	 D6
	66/105 (62.86)
	ref
	 
	ref
	 


	Morphological grading


	 Good quality
	60/74 (81.08)
	2.42 (1.20-4.85)
	0.013*
	1.80 (0.84-3.84)
	0.129


	 Poor quality
	66/103 (64.08)
	ref
	 
	ref
	 


	EMR, n (%)


	Developmental stage


	 D5
	5/60 (8.33)
	0.67 (0.21-2.15)
	0.502
	—
	 


	 D6
	8/66 (12.12)
	ref
	 
	ref
	 


	Morphology


	 Good quality
	5/60 (8.33)
	0.67 (0.21-2.12)
	0.493
	—
	 


	 Poor quality
	8/66 (12.12)
	ref
	 
	ref
	 


	LBR, n (%) a


	Developmental stage


	 D5
	54/72 (75.00)
	2.83 (1.44-5.56)
	0.003*
	2.6 (1.26-5.35)
	0.010*


	 D6
	54/105 (51.43)
	ref
	 
	ref
	 


	Morphological grading


	 Good quality
	53/74 (71.62)
	2.2 (1.19-4.09)
	0.012*
	1.66 (0.88-3.14)
	0.116


	 Poor quality
	55/103 (53.40)
	ref
	 
	ref
	 





CPR, clinical pregnancy rate; EMR, early miscarriage rate; LBR, live birth rate; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio.

Adjust for: maternal age, BMI, AMH levels, number of previous miscarriages, endometrial preparation, endometrial thickness, developmental stage/morphological grading.

aFour developed into monozygotic twins. *: The difference is statistically significant.

*The difference is statistically significant.



Notably, while unadjusted analysis revealed significant outcome differences between blastocyst morphological grading groups (CPR: 81.08% vs. 64.08%, P = 0.013; LBR: 71.62% vs. 53.40%, P = 0.012 for good vs. poor quality, respectively), these associations were attenuated after controlling for confounders (CPR: aOR = 1.80, 95% CI = 0.84-3.84, P = 0.129; LBR: aOR = 1.66, 95% CI = 0.88-3.14, P = 0.116). EMR remained comparable across quality categories (8.33% vs. 12.12%, P = 0.493). Adjustment models incorporated maternal age, BMI, AMH levels, number of previous miscarriages, endometrial preparation protocols, endometrial thickness, and blastocyst developmental stage/morphological grading.

We further analyzed the combined impact of developmental stage and morphological grading onpregnancy outcomes (Supplementary Table 2). Our analysis revealed that developmental day significantly impacts pregnancy outcomes specifically among poor-quality blastocysts.





Normal cycles

Table 4 presents the baseline characteristics of the PGT cycles in normokaryotypic RPL patients, while Table 5 details the parameters of FBT cycles. No significant intergroup differences were observed in maternal age, BMI, number of previous miscarriages, endometrial thickness or endometrial protocol when stratified by developmental stage and morphological grading (all P > 0.05).


Table 4 | Baseline characteristics of the PGT cycles in normokaryotypic RPL patients.
	Parameters
	Value



	Cycles (n)
	207


	Maternal age (years)
	32 (30,34)


	Paternal age (years)
	32 (30,35)


	Maternal BMI (kg/m2)
	22.83 (20.7,24.6)


	Paternal BMI (kg/m2)
	25.65 (23.2,28.09)


	AFC (n)
	14 (10,19)


	Basal FSH (mIU/ml)
	6.29 (5.45,7.1)


	Basal E2 (pg/ml)
	39.18 (30.97,49.28)


	AMH (ng/ml)
	3.25 (2.02,4.72)


	No. of prior pregnancies (n)


	 2
	40 (19.32)


	 3
	76 (36.71)


	 4
	40 (19.32)


	 5
	23 (11.11)


	 ≥6
	28 (13.53)


	No. of previous miscarriages (n)


	 2
	70 (33.82)


	 3
	83 (40.1)


	 4
	36 (17.39)


	 ≥5
	18 (8.7)


	PCOS


	 Yes
	24 (11.59)


	 No
	183 (88.41)


	Type of COS protocols


	 Antagonist
	69 (33.33)


	 PPOS
	51 (24.64)


	 Long
	87 (42.03)


	Total dosage of Gn used (IU)
	2100 (1725,2525)


	Duration of Gn used (day)
	9 (8,11)


	E2 level on trigger day (pg/ml) a
	1700 (1112,2450)


	Endometrial thickness on trigger day (mm)
	9 (7,10)


	No. of oocytes retrieved per cycle (n)
	12 (7,17)


	MII rate per cycle (%)
	83.33 (71.43,96.55)


	2PN rate per cycle (%)
	83.33 (71.43,100)


	Cleavages rate per cycle (%)
	94.44 (80,100)


	Blastocyst formation rate per cycle (%)
	64.29 (50,80)


	No. of blastocyst biopsied per cycle (n)
	4 (3,6)


	No. of euploid embryos per cycle (n)
	2 (1,3)





BMI, body mass index; AFC, antral follicle count; FSH, follicle stimulating hormone; E2, estradiol; AMH, anti-Mullerian hormone; PCOS, polycystic ovary syndrome; COS, controlled ovarian stimulation; PPOS, progestin-primed ovarian stimulation; Gn, gonadotropin; PN, pronucleus.

aA total of 24 cycles with E2 levels above 3000 pg/ml and no specific values were recorded and therefore excluded from the statistical description.




Table 5 | Characteristics of frozen-thawed embryo transfer cycles in normokaryotypic RPL patients.
	Parameters
	Developmental stage
	P value
	Morphological grading
	P value


	D5 (n=124)
	D6 (n=148)
	Good quality (n=143)
	Poor quality (n=129)



	Maternal age (years)
	32.5 (29.5, 35)
	32 (30,35)
	0.883
	32 (30, 35)
	32 (29, 35)
	0.900


	Maternal BMI (kg/m2)
	22.83 (20.32, 24.64)
	23.11 (21.23,25.04)
	0.149
	22.89 (20.32, 24.98)
	23.13 (21.6, 24.69)
	0.151


	No. of previous miscarriages (n)


	 2
	43 (34.68)
	45 (30.41)
	ref
	41 (28.67)
	47 (36.43)
	ref


	 3
	40 (32.26)
	69 (46.62)
	0.168
	63 (44.06)
	46 (35.66)
	0.246


	 4
	27 (21.77)
	25 (16.89)
	0.795
	28 (19.58)
	24 (18.6)
	0.661


	 ≥5
	14 (11.29)
	9 (6.08)
	0.423
	11 (7.69)
	12 (9.3)
	0.934


	Endometrial thickness (mm)
	8.5 (7.5, 10.0)
	8.95 (8,10)
	0.301
	9 (8, 10)
	8.5 (7.6, 9.5)
	0.424


	Endometrial preparation


	 GnRHa-HRT
	33 (26.61)
	37 (25.00)
	0.302
	36 (25.17)
	34 (26.36)
	0.217


	 HRT
	85 (68.55)
	100 (67.57)
	0.280
	100 (69.93)
	85 (65.89)
	0.135


	 NC
	6 (4.84)
	11 (7.43)
	ref
	7 (4.9)
	10 (7.75)
	ref


	Developmental stage
	 
	 
	 
	 
	 
	0.024*


	 D5
	 
	 
	 
	74 (51.75)
	50 (38.76)
	 


	 D6
	 
	 
	 
	69 (48.25)
	79 (61.24)
	 


	Morphological grading
	 
	 
	0.022*
	 
	 
	 


	 Good quality
	74 (59.68)
	69 (46.62)
	 
	 
	 
	 


	 Poor quality
	50 (40.32)
	79 (53.38)
	 
	 
	 
	 





GnRHa, gonadotropin-releasing hormone agonist; HRT, hormone replacement treatment; NC, natural cycle.



Comparative analysis revealed significant morphological disparities between D5 and D6 blastocysts (P = 0.022), with D5 blastocysts demonstrating a higher prevalence of good quality blastocysts (59.68% vs. 46.62%). Importantly, developmental stage distribution differed significantly between blastocysts with good vs. poor quality (P = 0.024), where 51.75% of good quality blastocysts were derived from D5 compared to 38.76% in the poor quality group.

Table 6 presents the association analysis of blastocyst developmental stages and morphological grading with pregnancy outcomes. No significant differences were observed between D5 and D6 blastocysts (68.55% vs. 61.49%, P = 0.226; 50.00% vs. 47.97%, P = 0.815, respectively) regarding for CPR and LBR. These non-significant associations persisted after multivariable adjustment (aOR = 1.16, 95% CI = 0.70-1.95, P = 0.560 for CPR; aOR = 1.01, 95% CI = 0.62-1.65, P = 0.968 for LBR). Notably, EMR were comparable between D5 and D6 groups (20.00% vs. 20.88%, P = 0.882).


Table 6 | The association between pregnancy outcomes, blastocyst developmental stage and morphological grading in normokaryotypic RPL patients.
	
	Outcome
	OR (95% CI)
	P value
	aOR (95% CI)
	P value



	CPR, n (%)


	Developmental stage


	 D5
	85/124 (68.55)
	1.36 (0.83-2.26)
	0.226
	1.16 (0.70-1.95)
	0.560


	 D6
	91/148 (61.49)
	ref
	 
	ref
	 


	Morphological grading


	 Good quality
	106/143 (74.13)
	2.46 (1.47-4.1)
	<0.001*
	2.46 (1.46-4.15)
	<0.001*


	 Poor quality
	70/129 (54.26)
	ref
	 
	ref
	 


	EMR, n (%)


	Developmental stage


	 D5
	17/85 (20.00)
	0.94 (0.44-2.02)
	0.882
	—
	 


	 D6
	19/91 (20.88)
	ref
	 
	ref
	 


	Morphological grading


	 Good quality
	20/106 (18.87)
	0.88 (0.4-1.93)
	0.755
	—
	 


	 Poor quality
	16/70 (22.86)
	ref
	 
	ref
	 


	LBR, n (%)a


	Developmental stage


	 D5
	62/124 (50.00)
	1.06 (0.66-1.7)
	0.815
	1.01 (0.62-1.65)
	0.968


	 D6
	71/148 (47.97)
	ref
	 
	ref
	 


	Morphological grading


	 Good quality
	81/143 (56.64)
	1.77 (1.06-2.98)
	0.031*
	1.76 (1.03-3.01)
	0.039*


	 Poor quality
	52/129 (40.31)
	ref
	 
	ref
	 





CPR, clinical pregnancy rate; EMR, early miscarriage rate; LBR, live birth rate; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio.

Adjust for: maternal age, BMI, AMH, number of previous miscarriages, endometrial preparation, endometrial thickness, developmental stage/morphological grading.

aOne developed into monozygotic twins. *: The difference is statistically significant.

*The difference is statistically significant.



In contrast, blastocyst morphological grading significantly impacted reproductive outcomes. The good-quality blastocyst group exhibited markedly higher CPR and LBR compared with the poor-quality group (74.13% vs. 54.26%, P < 0.001; 56.64% vs. 40.31%, P = 0.031, respectively). These associations remained statistically significant after adjusting for potential confounders (aOR = 2.46, 95% CI = 1.46-4.15, P < 0.001 for CPR; aOR = 1.76, 95% CI = 1.03-3.01, P = 0.039 for LBR). However, no significant difference in EMR was observed between morphological grading groups (18.87% vs. 22.86%, P = 0.755). The multivariable models accounted for maternal age, BMI, AMH levels, number of previous miscarriages, endometrial preparation protocols, endometrial thickness, and blastocyst developmental stage/morphological grading.

We further evaluated the joint effects of developmental stage and morphological grading onpregnancy outcomes (Supplementary Table 3). Morphological grading was found to exert a significant influence on pregnancy outcomes, particularly among D6 blastocysts.

We stratified the data into two groups based on maternal age (≥35 vs. <35 years) andcompared the basic parameters of FET cycles (Supplementary Table 4). The results showed that only the number of previous miscarriages differed significantlybetween the two groups, while no significant differences were observed in maternal BMI, endometrial preparation protocols, endometrial thickness, embryo developmental stage, or morphological grading. Additionally, we analyzed the impact of embryo morphological grading and developmental stage on pregnancy outcomes within each age stratum (Supplementary Table 5). For < 35 women, good-quality blastocysts significantly increased CPR versus poor-quality (74.77% vs. 57.78%, P = 0.010; aOR = 2.17). For ≥ 35 women, good-quality blastocysts significantly improved LBR (55.56% vs. 28.21%, P = 0.018; aOR = 4.56). Embryo developmental stage did not affect EMR or LBR/CPR in either group.





BCT cycles vs. normal cycles

A comparison of baseline characteristics and ovarian stimulation parameters between BCT andnormal cycles revealed significant differences in maternal and paternal age, number of prior pregnancies and miscarriages, COS protocol type, duration of Gn use, blastocyst formation rate, and number of euploid embryos yield per cycle (Supplementary Table 6). Comparison of FET cycle characteristics and pregnancy outcomes between BCT and normalcycles further showed significant differences in maternal age, BMI, number of previous miscarriages, and blastocyst morphological grading. No other variables differed significantly (Supplementary Table 7).






Discussion

This study focused on assessing the effects of blastocyst developmental stage (D5 vs. D6) and morphological grading on pregnancy outcomes after SE-FBT in young RPL patients, either carriers of BCT or with normal karyotypes. Among BCT carriers, it was observed that D5 euploid blastocysts significantly outperformed D6 blastocysts in terms of CPR and LBR. However, blastocyst morphology was not found to have a statistically significant effect on reproductive outcomes. Conversely, in karyotypically normal RPL patients, the blastocyst’s developmental stage did not significantly correlate with CPR or LBR. Instead, blastocysts with good morphological grading demonstrated notably better CPR and LBR compared to those with poor morphology. To our knowledge, this represents the first report of such an association.

The association between euploid blastocyst morphological grading and pregnancy outcomes remains controversial in current research. Capalbo et al. (12) demonstrated comparable implantation potential across varying euploid blastocyst morphological grading and developmental stages following PGT-A, a finding corroborated by Viñals Gonzalez et al. (14). Notably, these studies involved AMA populations with mean ages of 37.8 and 38.6 years at oocyte retrieval, respectively. In younger populations, Ji et al. (13) reported no significant impact of euploid blastocyst characteristics on CPR and LBR in PGT-A candidates with a mean maternal age of 30 years. Conversely, Lou et al. (9) observed superior implantation rates in good quality euploid blastocysts (AA/AB/BA; n = 51) compared to poorer quality counterparts (AC/BC; n = 109) among patients under 35 years undergoing PGT-A, though limited by a relatively small sample size. Cimadomo et al. (10) identified significant morphological influences on pregnancy outcomes in a cohort with median maternal age of 39.6 years, where > 90% of PGT-A cases were for AMA. In addition, the high percentage of good quality blastocysts from AMA patients may be questionable. Irani et al. (11) further reported morphological correlations with outcomes, though their study population included all infertility patients receiving routine PGT-A. Our investigation focusing on young RPL patients revealed differential associations based on parental chromosomal status: blastocyst morphological grading correlated with pregnancy outcomes in normokaryotypic cases but not in BCT carriers.

The impact of euploid blastocyst developmental stage on pregnancy outcomes continues to generate debate in the field. Among young patients (< 35 years) undergoing PGT-M/A, Liu et al. (18) reported no significant association between developmental stage and pregnancy outcomes. Conversely, Chen et al. (15) found that developmental stage was associated with implantation rate and LBR, with a similar-aged cohort (mean maternal age 30 years) receiving PGT/A/M/SR. Notably, both studies lack explicit clarification regarding single versus multiple FBT cycles per patient - a critical methodological consideration, as repeated cycles from the same individual may violate statistical independence assumptions. This analytical concern was addressed in Li et al.’s investigation (16), which exclusively analyzed first FBT cycles post-PGT-A and identified significant correlations between developmental stage and LBR. Recent evidence from PGT-M/SR populations (median age 29.7 years) further supports developmental stage as a predictor of LBR (17). The present study found that in the young RPL patients with BCT, blastocyst developmental stage was associated with the pregnancy outcome, whereas in the young RPL patients with normal karyotypes, blastocyst developmental stage had no effect on pregnancy outcome.

Multiple factors may contribute to the discrepancies observed across studies investigating euploid blastocyst transfer outcomes. Foremost, substantial heterogeneity exists in patient populations undergoing PGT. Compared to cohorts undergoing PGT-M/SR, RPL and/or RIF populations present multifactorial etiologies beyond embryonic chromosomal abnormalities. Notably, endometrial receptivity alterations in RIF patients have been well-documented as a key confounding factor (28). Furthermore, the age-related decline in reproductive potential not only correlates with increased aneuploidy rates but also reflects complex metabolic and epigenetic modifications in embryos (21).

Secondly, the inherent subjectivity of embryo grading systems warrants consideration. While intra-laboratory consistency can be achieved through standardized protocols (e.g. Gardner criteria), significant inter-center variability persists in morphological assessments (29). Thirdly, technical variables in trophectoderm biopsy procedures require scrutiny. Operator expertise and ongoing quality control measures are critical, as suboptimal biopsy techniques may compromise embryo viability - evidenced by studies demonstrating reduced implantation potential with excessive trophectoderm cell removal (> 10 cells) (8, 30). Finally, methodological variations in study design merit attention. Additionally, the inclusion of multiple embryo transfer cycles per patient without appropriate statistical adjustment for repeated measures could inflate type I error rates.

This study revealed that in young RPL patients, the impact of euploid blastocyst morphological grading and developmental stage on pregnancy outcomes is contingent upon parental chromosomal status. In cases with karyotypically normal patients, good-quality euploid blastocysts likely possess optimized cellular differentiation mechanisms, mitochondrial homeostasis, and metabolic activity that enhance embryonic implantation potential (31). While D6 blastocysts might reflect transient metabolic fluctuations rather than intrinsic developmental compromise, thereby showing comparable clinical outcomes to D5 blastocysts (32). Conversely, euploid embryos from BCT carriers may still have microdeletions/duplications, and these abnormalities may be reflected by the embryo developmental stage rather than morphological grading. D5 euploid blastocysts may reflect a more complete chromosomal structural repair capacity. On day 5, blastocysts exhibited a substantially higher level of mitochondrial DNA (mtDNA) compared to those on day 6. This suggests that mtDNA quantity might play a crucial role in determining the development rate of blastocysts (33).

Notably, the early miscarriage rate observed in the normal cycles group (20.45%, 36/176) warrants careful consideration. Analysis revealed no association with embryo parameters (developmental stage/morphological grading), endometrial thickness, and endometrial preparation protocols. Crucially, a history of RPL emerged as a strong predictor of miscarriage risk, with rates escalating significantly alongside prior loss burden: 14.75% (2 losses), 22.06% (3 losses), 19.35% (4 losses), and 37.50% (≥ 5 losses; P = 0.03 for ≥ 5 vs. 2 losses). This dose-dependent relationship, aligning with Ni et al.’s findings (34), suggests RPL itself may induce endometrial pathophysiological changes, potentially creating a vicious cycle of impaired receptivity. While PGT-A circumvents aneuploidy, our data demonstrate persistent endometrial dysfunction in RPL patients, evidenced by miscarriage rates approaching 37.50% in severe cases – exceeding the 4.05% - 11.02% rates in some PGT-SR studies (35–37). Thus, RPL history is a key indicator of euploid miscarriage risk, underscoring the imperative to address endometrial receptivity in this high-risk population.

Moreover, in the comparison of baseline characteristics between the two groups, the karyotypically normal group reported a higher number of previous miscarriages compared to the BCT group. This difference could also contribute to the distinct impacts of developmental stage and morphological grading of euploid blastocysts on pregnancy outcomes observed between the two groups.




Strengths and limitations

Numerous studies have examined the impact of blastocyst developmental stage and morphological grading on the LBR after SE-FBT. However, these investigations typically combined heterogeneous populations with various PGT indications (e.g. AMA, RIF, RPL, etc.). In contrast, our study specifically focused on a relatively homogeneous young RPL population and further stratified the analysis based on parental karyotype status (normal karyotype vs. BCT). Additionally, the single-center design ensured consistent embryo scoring throughout the study.

Despite rigorous efforts to minimize bias, this study has several inherent limitations. Its retrospective design carries unavoidable risks of bias, while the single-center setting and limited sample size constrain statistical power and generalizability. Additionally, significant differences in baseline characteristics were observed among cycles with BCT versus normal karyotypes, necessitating consideration of population-level confounding factors as a potential influence on the outcomes. We acknowledge the preliminary nature of these findings; future validation through multicenter studies with larger cohorts is warranted to establish robust evidence-based clinical guidance.






Conclusion

In young RPL patients with BCT, the developmental stage rather than morphological grading of euploid blastocysts demonstrates significant impact on pregnancy outcomes. In contrast, in karyotypically normal RPL patients, blastocyst morphological grading supersedes developmental stage as the predominant prognostic factor. These findings provide valuable guidance for clinical decision-making regarding embryo selection: 1) For BCT carriers, priority should be given to transferring euploid blastocysts achieving expansion by day 5; 2) For patients with normal karyotypes, morphological assessment should guide selection of optimal quality blastocysts regardless of developmental day. Future foundational studies are imperative to delineate the mechanisms through which parental chromosomal status modulates the association between euploid blastocyst morphological grading and developmental stage with subsequent pregnancy outcomes.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by the Ethics Committee of Henan Provincial People’s Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

RZ: Formal Analysis, Data curation, Conceptualization, Methodology, Writing – original draft. TL: Formal Analysis, Writing – review & editing, Data curation. CC: Data curation, Methodology, Writing – review & editing, Formal Analysis. CZ: Funding acquisition, Writing – review & editing, Supervision.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China (NSFC) (project number: U2004130).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1644773/full#supplementary-material




References

	 Bender Atik R, Christiansen OB, Elson J, Kolte AM, Lewis S, Middeldorp S, et al. ESHRE guideline: recurrent pregnancy loss. Hum Reprod Open. (2018) 2018:hoy004. doi: 10.1093/hropen/hoy004, PMID: 31486805


	 Pylyp LY, Spynenko LO, Verhoglyad NV, Mishenko AO, Mykytenko DO, Zukin VD. Chromosomal abnormalities in products of conception of first-trimester miscarriages detected by conventional cytogenetic analysis: a review of 1000 cases. J Assist Reprod Genet. (2018) 35:265–71. doi: 10.1007/s10815-017-1069-1, PMID: 29086320


	 Levy B, Sigurjonsson S, Pettersen B, Maisenbacher MK, Hall MP, Demko Z, et al. Genomic imbalance in products of conception: single-nucleotide polymorphism chromosomal microarray analysis. Obstet Gynecol. (2014) 124:202–9. doi: 10.1097/AOG.0000000000000325, PMID: 25004334


	 Carvalho F, Coonen E, Goossens V, Kokkali G, Rubio C, Meijer-Hoogeveen M, et al. ESHRE PGT Consortium good practice recommendations for the organization of PGT. Hum Reprod Open. (2020) 2020:hoaa021. doi: 10.1093/hropen/hoaa021, PMID: 32524036


	 Neal SA, Morin SJ, Franasiak JM, Goodman LR, Juneau CR, Forman EJ, et al. Preimplantation genetic testing for aneuploidy is cost-effective, shortens treatment time, and reduces the risk of failed embryo transfer and clinical miscarriage. Fertil Steril. (2018) 110:896–904. doi: 10.1016/j.fertnstert.2018.06.021, PMID: 30316435


	 Boynukalin FK, Gultomruk M, Cavkaytar S, Turgut E, Findikli N, Serdarogullari M, et al. Parameters impacting the live birth rate per transfer after frozen single euploid blastocyst transfer. PloS One. (2020) 15:e0227619. doi: 10.1371/journal.pone.0227619, PMID: 31929583


	 Liu XY, Fan Q, Wang J, Li R, Xu Y, Guo J, et al. Higher chromosomal abnormality rate in blastocysts from young patients with idiopathic recurrent pregnancy loss. Fertil Steril. (2020) 113:853–64. doi: 10.1016/j.fertnstert.2019.11.016, PMID: 32228881


	 Cimadomo D, Rienzi L, Conforti A, Forman E, Canosa S, Innocenti F, et al. Opening the black box: why do euploid blastocysts fail to implant? A systematic review and meta-analysis. Hum Reprod Update. (2023) 29:570–633. doi: 10.1093/humupd/dmad010, PMID: 37192834


	 Lou H, Li N, Guan Y, Zhang Y, Hao D, Cui S. Association between morphologic grading and implantation rate of Euploid blastocyst. J Ovarian Res. (2021) 14:18. doi: 10.1186/s13048-021-00770-8, PMID: 33485390


	 Cimadomo D, Soscia D, Vaiarelli A, Maggiulli R, Capalbo A, Ubaldi FM, et al. Looking past the appearance: a comprehensive description of the clinical contribution of poor-quality blastocysts to increase live birth rates during cycles with aneuploidy testing. Hum Reprod (Oxford England). (2019) 34:1206–14. doi: 10.1093/humrep/dez078, PMID: 31247100


	 Irani M, Reichman D, Robles A, Melnick A, Davis O, Zaninovic N, et al. Morphologic grading of euploid blastocysts influences implantation and ongoing pregnancy rates. Fertil Steril. (2017) 107:664–70. doi: 10.1016/j.fertnstert.2016.11.012, PMID: 28069172


	 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 (Oxford England). (2014) 29:1173–81. doi: 10.1093/humrep/deu033, PMID: 24578475


	 Ji H, Zhou Y, Cao S, Zhang J, Ling X, Zhao C, et al. Effect of embryo developmental stage, morphological grading, and ploidy status on live birth rate in frozen cycles of single blastocyst transfer. Reprod Sci (Thousand Oaks Calif). (2021) 28:1079–91. doi: 10.1007/s43032-020-00381-6, PMID: 33174188


	 Viñals Gonzalez X, Odia R, Naja R, Serhal P, Saab W, Seshadri S, et al. Euploid blastocysts implant irrespective of their morphology after NGS-(PGT-A) testing in advanced maternal age patients. J Assist Reprod Genet. (2019) 36:1623–9. doi: 10.1007/s10815-019-01496-9, PMID: 31165389


	 Chen L, Diao Z, Wang J, Xu Z, Zhang N, Fang J, et al. The effects of the day of trophectoderm biopsy and blastocyst grade on the clinical and neonatal outcomes of preimplantation genetic testing-frozen embryo transfer cycles. Zygote. (2022) 30:132–7. doi: 10.1017/S0967199421000435, PMID: 34184632


	 Li N, Guan Y, Ren B, Zhang Y, Du Y, Kong H, et al. Effect of blastocyst morphology and developmental rate on euploidy and live birth rates in preimplantation genetic testing for aneuploidy cycles with single-embryo transfer. Front Endocrinol. (2022) 13:858042. doi: 10.3389/fendo.2022.858042, PMID: 35498424


	 Yin B, Li S, Sun L, Yao Z, Cui Y, Zhang C, et al. Comparing Day 5 versus Day 6 euploid blastocyst in frozen embryo transfer and developing a predictive model for optimizing outcomes: a retrospective cohort study. Front Endocrinol. (2023) 14:1302194. doi: 10.3389/fendo.2023.1302194, PMID: 38239982


	 Liu Y, Zhang X, Xu Y, Li R, Cai B, Ding C, et al. Similar implantation competence in euploid blastocysts developed on day 5 or day 6 in young women: a retrospective cohort study. Hum Fertil (Cambridge England). (2023) 26:918–26. doi: 10.1080/14647273.2021.2021454, PMID: 34983269


	 Mau-Holzmann UA. Somatic chromosomal abnormalities in infertile men and women. Cytogenet Genome Res. (2005) 111:317–36. doi: 10.1159/000086906, PMID: 16192711


	 Idowu D, Merrion K, Wemmer N, Mash JG, Pettersen B, Kijacic D, et al. Pregnancy outcomes following 24-chromosome preimplantation genetic diagnosis in couples with balanced reciprocal or Robertsonian translocations. Fertil Steril. (2015) 103:1037–42. doi: 10.1016/j.fertnstert.2014.12.118, PMID: 25712573


	 Qiao J, Wang ZB, Feng HL, Miao YL, Wang Q, Yu Y, et al. The root of reduced fertility in aged women and possible therapeutic options: current status and future perspects. Mol Aspects Med. (2014) 38:54–85. doi: 10.1016/j.mam.2013.06.001, PMID: 23796757


	 Pathare ADS, Loid M, Saare M, Gidlöf SB, Zamani Esteki M, Acharya G, et al. Endometrial receptivity in women of advanced age: an underrated factor in infertility. Hum Reprod Update. (2023) 29:773–93. doi: 10.1093/humupd/dmad019, PMID: 37468438


	 Zhang S, Yin Y, Li Q, Zhang C. Comparison of cumulative live birth rates between gnRH-A and PPOS in low-prognosis patients according to POSEIDON criteria: A cohort study. Front Endocrinol. (2021) 12:644456. doi: 10.3389/fendo.2021.644456, PMID: 34234739


	 Xu X, Jiang Y, Du J, Sun H, Wang X, Zhang C. Development and validation of a prediction model for suboptimal ovarian response in polycystic ovary syndrome (PCOS) patients undergoing GnRH-antagonist protocol in IVF/ICSI cycles. J Ovarian Res. (2024) 17:116. doi: 10.1186/s13048-024-01437-w, PMID: 38807145


	 Gardner DK, Lane M, Stevens J, Schlenker T, Schoolcraft WB. Blastocyst score affects implantation and pregnancy outcome: towards a single blastocyst transfer. Fertil Steril. (2000) 73:1155–8. doi: 10.1016/S0015-0282(00)00518-5, PMID: 10856474


	 Jia N, Hao H, Zhang C, Xie J, Zhang S. Blastocyst quality and perinatal outcomes of frozen-thawed single blastocyst transfer cycles. Front Endocrinol. (2022) 13:1010453. doi: 10.3389/fendo.2022.1010453, PMID: 36313773


	 Cheng D, Hu L, Gong F, Yuan S, Luo K, Wu X, et al. Clinical outcomes following preimplantation genetic testing and microdissecting junction region in couples with balanced chromosome rearrangement. J Assist Reprod Genet. (2021) 38:735–42. doi: 10.1007/s10815-020-02052-6, PMID: 33432423


	 Bashiri A, Halper KI, Orvieto R. Recurrent Implantation Failure-update overview on etiology, diagnosis, treatment and future directions. Reprod Biol Endocrinol: RB&E. (2018) 16:121. doi: 10.1186/s12958-018-0414-2, PMID: 30518389


	 Cimadomo D, Sosa Fernandez L, Soscia D, Fabozzi G, Benini F, Cesana A, et al. Inter-center reliability in embryo grading across several IVF clinics is limited: implications for embryo selection. Reprod Biomed Online. (2022) 44:39–48. doi: 10.1016/j.rbmo.2021.09.022, PMID: 34819249


	 Guzman L, Nuñez D, López R, Inoue N, Portella J, Vizcarra F, et al. The number of biopsied trophectoderm cells may affect pregnancy outcomes. J Assist Reprod Genet. (2019) 36:145–51. doi: 10.1007/s10815-018-1331-1, PMID: 30328573


	 Balaban B, Brison D, Calderón G, Catt J, Conaghan J, Cowan L, et al. The Istanbul consensus workshop on embryo assessment: proceedings of an expert meeting. Hum Reprod (Oxford England). (2011) 26:1270–83. doi: 10.1093/humrep/der037, PMID: 21502182


	 Yu G, Ma S, Liu H, Liu Y, Zhang H, Zhang W, et al. Comparison of clinical outcomes of frozen-thawed D5 and D6 blastocysts undergoing preimplantation genetic testing. J Transl Med. (2022) 20:545. doi: 10.1186/s12967-022-03762-4, PMID: 36435788


	 Tong J, Niu Y, Wan A, Zhang T. Comparison of day 5 blastocyst with day 6 blastocyst: Evidence from NGS-based PGT-A results. J Assist Reprod Genet. (2022) 39:369–77. doi: 10.1007/s10815-022-02397-0, PMID: 35013836


	 Ni T, Wu Q, Zhu Y, Jiang W, Zhang Q, Li Y, et al. Comprehensive analysis of the associations between previous pregnancy failures and blastocyst aneuploidy as well as pregnancy outcomes after PGT-A. J Assist Reprod Genet. (2020) 37:579–88. doi: 10.1007/s10815-020-01722-9, PMID: 32103397


	 Huang C, Jiang W, Zhu Y, Li H, Lu J, Yan J, et al. Pregnancy outcomes of reciprocal translocation carriers with two or more unfavorable pregnancy histories: before and after preimplantation genetic testing. J Assist Reprod Genet. (2019) 36:2325–31. doi: 10.1007/s10815-019-01585-9, PMID: 31522368


	 Ma X, Xu X, Mao B, Liu H, Li H, Liu K, et al. Chromosomal analysis for embryos from balanced chromosomal rearrangement carriers using next generation sequencing. Mol Reprod Dev. (2021) 88:362–70. doi: 10.1002/mrd.23469, PMID: 33783068


	 Insogna IG, Lanes A, Dobson L, Ginsburg ES, Racowsky C, Yanushpolsky E. Blastocyst conversion rate and ploidy in patients with structural rearrangements. J Assist Reprod Genet. (2021) 38:1143–51. doi: 10.1007/s10815-021-02131-2, PMID: 33656620







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Zhang, Luo, Cui and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2025.1644773_cover.jpg
& frontiers | Frontiers in Endocrinology

Impact of euploid blastocyst developmental
stage and morphological grading on
pregnancy outcomes in young recurrent
pregnancy loss patients: association with
parental chromosomal status





OEBPS/Images/fendo-16-1644773-g001.jpg
Cycles of RPL patients started COS for PGT-A/SR between Jan. 2017
and Sep. 2023 (n=930)

Cyeles excluded:

age > 38 years (n=271)

f————>{ abnormal karyotypes other than BCT (n=27)
sperm donation cycle (n=1)

combined with monogenic discase (n=5)
combined with RIF (n=4)

v

Cycles of young RPL patients with BCT or a normal karyotype

Cycles excluded:
lack of oocyte or mature oocytes (n=5)
[—»| abnormal fertilization (n=7)

lack of day 3 embryo (n=3)

lack of blastocyst for biopsy (
lack of euploid blastocyst (=]
ot performed the first FBT before Sep. 2023 (n=61)

. v

BCT cycles* (n=149) Normal eycles* (n=207)
FBT cycles (n=177) FBT cycles (n=272)

—— 0 g

developmental stage || morphological grading || developmental stage || morphological grading

+ ) ) v

DS 00d quali DS ood uali
(n=72) & (n=q74>‘y (n=124) & ? i
D6 oor jualit D6 oor qualit
(m=105) Pl (n=148) Pl






OEBPS/Images/crossmark.jpg
©

2

i

|





