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Abstract

Background: Frozen-thawed high-quality single blastocyst transfer has become a mainstream strategy to reduce multiple pregnancy
risks in assisted reproductive technology, yet personalized prediction for pregnancy outcomes remains limited in clinical practice. Few
validated models have incorporated key clinical and embryological factors for this specific population. The aim of this study was to
identify predictors of clinical pregnancy following frozen-thawed, high-quality single blastocyst transfer, and to develop a nomogram
for predicting pregnancy outcomes. Methods: We retrospectively analyzed 3398 cycles of frozen-thawed, high-quality single blastocyst
transfer performed at the Third Affiliated Hospital of Sun Yat-sen University from July 2016 to December 2023. Cycles were randomly
allocated to training (n = 2378) and validation (n = 1020) datasets at a 7:3 ratio. Predictors of clinical pregnancy were identified using
univariate and multivariate logistic regression and were subsequently used to construct a nomogram. Model performance was assessed
by area under the curve (AUC), calibration curves, and decision curve analysis (DCA). Results: Multivariate analysis identified four
independent predictors of clinical pregnancy (all p < 0.05): maternal age at oocyte retrieval, endometrial thickness, fertilization method
(conventional in vitro fertilization [IVF] vs. intracytoplasmic sperm injection [ICSI]), and blastocyst developmental stage (day-5 vs. day-
6). Stratified analysis revealed that, compared with patients younger than 35 years, significantly lower odds of clinical pregnancy were
first observed in the 35-37 years old subgroup (odds ratio [OR] =0.753, 95% confidence interval [CI]: 0.612-0.928). Optimal pregnancy
rates occurred at an endometrial thickness of 10.0-11.9 mm (OR = 1.973, 95% CI: 1.435-2.713). The model demonstrated moderate
discriminative capacity, with AUC values of 0.63 (95% CI: 0.60—0.65) and 0.62 (95% CI: 0.59-0.66) in the training and validation sets,
respectively. Calibration curves showed good agreement between predicted and observed probabilities, while DCA confirmed clinical
utility across relevant threshold probabilities. Conclusions: Four clinical parameters independently predicted the clinical pregnancy
rate: maternal age <35 years, endometrial thickness of 10.0-11.9 mm, ICSI fertilization, and day-5 blastocyst transfer. This validated
nomogram shows moderate predictive capacity for the clinical pregnancy rate in frozen-thawed, high-quality single blastocyst transfer
cycles and may serve as a useful tool for clinical application.

Keywords: frozen-thawed embryo transfer; prediction model; nomogram; single blastocyst transfer; clinical pregnancy

1. Introduction

Multiple pregnancies present relatively high risks in
patients receiving double-embryo transfer (DET) within
in vitro fertilization/Intracytoplasmic Sperm Injection
(IVF/ICSI)-embryo transfer (ET) cycles [1]. They repre-
sent a common complication of IVF-ET, resulting in signif-
icantly increased rates of maternal and neonatal complica-
tions. Multiple pregnancies are associated with an elevated
risk of adverse obstetric outcomes, including pregnancy
loss, pre-eclampsia, gestational diabetes mellitus, and an-
tepartum/postpartum hemorrhage [2]. Compared with sin-
gletons, IVF/ICSI-conceived multiples exhibit markedly
inferior perinatal prognosis, such as preterm birth, small-
for-gestational-age status, admission to the neonatal inten-
sive care unit, and neonatal mortality [3]. Notably, even
singleton pregnancies following DET demonstrate an in-
creased risk of neonatal death, very preterm birth, and low

birth weight compared with pregnancies achieved via elec-

tive single embryo transfer (eSET) [4].

To minimize the risks of multiple pregnancies and
complications associated with DET, eSET has become an
important strategy for achieving safe and effective out-
comes from assisted reproductive technology (ART). Ev-
idence suggests that eSET in women aged <38 years sig-
nificantly reduces multiple birth rates without compromis-
ing live birth rates [5]. In frozen-thawed embryo transfer
(FET) cycles, single blastocyst-stage transfer offers supe-
rior clinical pregnancy performance [6]. Cryopreservation
followed by FET is recommended in cases of suboptimal
conditions, such as elevated risk of ovarian hyperstimula-
tion syndrome (OHSS), impaired endometrial receptivity,
premature progesterone elevation, or the availability of su-
pernumerary embryos [7]. A randomized controlled trial
(RCT) provided further support that frozen single blasto-
cyst transfer yields higher rates of singleton live birth than

Copyright: © 2026 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/CEOG
https://doi.org/10.31083/CEOG52607
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0003-7803-4307
https://orcid.org/0009-0001-2859-7262
https://orcid.org/0009-0004-2838-0786
https://orcid.org/0009-0007-6556-878X
https://orcid.org/0009-0007-4376-5387

fresh transfer in ovulatory women with favorable prognoses
[8]. Consequently, FET offers distinct physiological advan-
tages, primarily through improved embryo-endometrium
synchronization and enhanced flexibility in cycle schedul-
ing. These benefits have contributed to the growing adop-
tion of frozen-thawed single blastocyst transfer in contem-
porary ART practice.

The IVF treatment process imposes considerable
biopsychosocial stress on infertile couples, with particu-
lar anxiety surrounding treatment outcomes and progno-
sis. Multiple clinical and embryological factors signifi-
cantly influence the implantation potential and reproduc-
tive outcomes in frozen-thawed single blastocyst transfer
cycles [9]. The present study seeks to develop and vali-
date a multivariate predictive model incorporating several
key determinants to facilitate personalized prognosis. The
model’s predictive outputs will enable clinicians to provide
patients with quantitative estimates of pregnancy probabil-
ity, as well as data-driven embryo transfer strategy recom-
mendations, thereby optimizing FET cycle outcomes.

2. Materials and Methods
2.1 Study Design and Populations

This study employed a retrospective cohort design.
The Institutional Ethics Committee of the Third Affiliated
Hospital of Sun Yat-sen University approved the study (ap-
proval number: 112023-212-01). Informed consent waiver
was approved by the Institutional Ethics Committee, given
the retrospective nature of the study. Patients undergoing
FET cycles in the Center for Reproductive Medicine, the
Third Affiliated Hospital of Sun Yat-sen University from
July 2016 to December 2023 and who satisfied pre-defined
inclusion and exclusion criteria were enrolled for retrospec-
tive analysis. The inclusion criteria were women who un-
derwent high-quality single blastocyst transfer cycles. The
exclusion criteria were: (1) male or female chromosomal
abnormalities; (2) uterine malformation, adenomyosis, or
submucous myoma of the uterus; (3) intrauterine adhesions
or endometrial polyps; (4) recurrent miscarriage; (5) cycles
with preimplantation genetic testing; (6) lost to follow-up
or missing core data. A total of 3398 cycles were included
in the final analysis for this study.

2.2 Endometrial Preparation and Embryo Evaluation

Hormone replacement therapy (HRT) was used for en-
dometrial preparation. Patients were treated orally with
estradiol valerate (Progynova, 1 mg/tablet, Bayer, Berlin,
Germany) starting on cycle day 2-3 at an initial daily dose
of 4-6 mg. The dosage and treatment duration were mod-
ified individually based on serial endometrial thickness, as
measured by transvaginal ultrasound. The maximum dou-
ble-layer endometrial thickness measured on the day of pro-
gesterone initiation before progesterone administration was
used for statistical analysis. Progesterone transformation
was initiated when endometrial thickness exceeded 7.0 mm,

or when thin endometrium reached its maximal achievable
thickness for individual patients. Oral dydrogesterone (Du-
faston, Abbott, Chicago, IL, USA) at a dose of 10 mg was
given twice daily in combination with an optional proges-
terone formulation, including intramuscular progesterone
at 40 mg daily, vaginal sustained-release progesterone gel
(Crinone, Merck Serono, Darmstadt, Germany) at 90 mg
daily, or vaginal micronized progesterone capsules (Utro-
gestan, BesinsHealthcare, Brussels, Belgium) at 400 mg
daily. The first day of progesterone administration was set
as transformation day-0 (D0), and blastocyst transfer was
scheduled on transformation day-6 (D6).

Following embryo transfer, estradiol and progesterone
were given at identical doses as during the transforma-
tion period. Serum beta-human chorionic gonadotropin
(B-hCG) was tested on day 14 post-transfer. All hor-
mone supplements were withdrawn immediately in non-
conceived patients. Full-dose hormonal support was main-
tained for women who received positive pregnancy confir-
mation. Medication was gradually tapered after the detec-
tion of a fetal heartbeat by ultrasound, and all supplemen-
tary hormones were stopped entirely at gestational week 10.

Blastocysts were scored based on the Gardner and
Schoolcraft scoring systems [10]. According to the stan-
dard operating procedure (SOP) of our center, grade 4BB or
above is defined as a high-quality blastocyst, while grades
below this are considered poor-quality blastocysts.

2.3 Outcome Measures

The primary study outcome was clinical pregnancy.
This endpoint was confirmed when ultrasonography re-
vealed the presence of one or more gestational sacs.

2.4 Statistical Analysis

SPSS 23.0 (IBM, Chicago, IL, USA) and R software
(version 4.2, R Core Team, Vienna, Austria, http://www.r-p
roject.org/) were used for statistical analysis. The samples
were randomized into a training dataset and a validation
dataset at a ratio of 7:3, respectively. Kolmogorov-Smirnov
tests for normality were conducted, and non-normally dis-
tributed continuous variables were described by the median
(25th percentile, 75th percentile) [M (Q1, Q3)], while cate-
gorical variables were described by counts and percentages
(%). Differences between the two groups in baseline fac-
tors were compared by the Mann-Whitney U test and the >
test. Univariate and multivariate logistic regression anal-
yses were performed in the training dataset to determine
the relevant factors that affect clinical pregnancy. Further-
more, we developed a nomogram to predict the probability
of clinical pregnancy based on the regression coefficient of
relevant variables. Three criteria were used to evaluate the
model’s performance: discrimination, calibration abilities,
and clinical utility. Discrimination was assessed using re-
ceiver-operating characteristic (ROC) curves and area un-
der the curve (AUC). Calibration was evaluated using cal-
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Fig. 1. The flowchart of participants.

ibration curves. The clinical utility of the nomogram was
assessed using decision curve analysis (DCA). A two-tailed
p-value of <0.05 was considered statistically significant.

3. Results
3.1 Description of the Study Population

A total of 3398 cycles were included in the analysis
based on the inclusion and exclusion criteria, with 2378 cy-
cles in the training dataset and 1020 cycles in the valida-
tion dataset (Fig. 1). The baseline characteristics and preg-
nancy outcomes of the two groups are shown in Table 1.
The two groups were comparable for baseline characteris-
tics and pregnancy outcomes (all p > 0.05).

3.2 Construction of the Model

Univariate logistic regression was performed, and
variables with p < 0.05 were screened for inclusion in the
model. The factors of maternal age at oocyte retrieval, in-
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fertility duration, endometrial thickness, number of previ-
ous FET, fertilization method, and blastocyst development
stage were significantly associated with clinical pregnancy
(all p<0.05). All six variables were simultaneously entered
into a multivariate logistic regression model to adjust for
confounding effects. After adjustment, multivariate logis-
tic regression analysis revealed that maternal age at oocyte
retrieval (OR =0.942, 95% CI: 0.922-0.961, p <0.001), en-
dometrial thickness (OR = 1.166, 95% CI: 1.103-1.233, p
<0.001), fertilization method (OR = 1.445, 95% CI: 1.131-
1.846, p = 0.003), and blastocyst development stage (OR =
0.533, 95% CI: 0.402-0.706, p < 0.001) were independent
risk factors affecting clinical pregnancy (Table 2). Based on
these four independent predictors, we developed a clinical
pregnancy prediction model and constructed a customized
nomogram (Fig. 2). Each parameter was individually as-
signed a vertical extension, as illustrated in the upper points
bar. The total score was calculated by summing the values


https://www.imrpress.com

Table 1. Comparison of baseline and clinical characteristics between the two groups.

Variables Total Modeling group  Validation group 77 pvalue
(n=3398) (n=2378) (n=1020)
Maternal age at oocyte retrieval (years) 31.0(28.0,34.0) 31.0(28.0,34.0) 31.0(28.0,34.0) —-0.179 0.858
BMI (kg/m?) 21.1(19.3,23.3) 21.0(19.3,23.3) 21.2(19.4,23.3) -0.771 0.441
Infertility duration (years) 3.0 (2.0,4.0) 3.0 (2.0,4.0) 3.0(2.0,5.0) -1.496 0.135
Endometrial thickness (mm) 9.3 (8.4, 10.5) 9.3 (8.4,10.5) 9.4 (84,10.5) -0.220 0.826
Number of FET times 1.0 (1.0, 2.0) 1.0 (1.0, 2.0) 1.0 (1.0,2.0)  -0.706 0.480
Infertility type, n (%) 1.416 0.234
Primary infertility 1736 (51.1) 1199 (50.4) 537 (52.6)
Secondary infertility 1662 (48.9) 1179 (49.6) 483 (47.4)
Fertilization method, n (%) 0.243 0.622
IVF 2805 (82.5) 1968 (82.8) 837 (82.1)
ICSI 593 (17.5) 410 (17.2) 183 (17.9)
Blastocyst development stage, n (%) 0.549 0.459
D5 3045 (89.6) 2137 (89.9) 908 (89.0)
D6 353 (10.4) 241 (10.1) 112 (11.0)
Clinical pregnancy, n (%) 2229 (65.6) 1554 (65.3) 675 (66.2) 0.217 0.064

BMI, body mass index; FET, frozen-thawed embryo transfer; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm
injection; D5, day-5 blastocyst; D6, day-6 blastocyst.

Table 2. Univariate and multivariate logistic regression analysis of factors affecting the clinical pregnancy rate.

Univariate logistic regression ~ Multivariate logistic regression
OR (95% CI) p-value OR (95% CI) p-value
Maternal age at oocyte retrieval (years) 0.932 (0.914-0.950) <0.001 0.942 (0.922-0.961) <0.001

Variables

BMI (kg/m?) 0.991 (0.972-1.010)  0.341
Infertility duration (years) 0.955 (0.922-0.989)  0.01
Endometrial thickness (mm) 1.176 (1.114-1.243) <0.001 1.166 (1.103-1.233)  <0.001
Number of FET cycles 0.896 (0.804-0.998)  0.046
Infertility type, n (%)
Primary infertility = 0 ref.
Secondary infertility = 1 1.034 (0.873-1.225)  0.696
Fertilization method, n (%)
IVF ref. ref.
ICSI 1.508 (1.191-1.910) <0.001 1.445(1.131-1.846)  0.003
Blastocyst development stage, n (%)
D5 ref. ref.
D6 0.514(0.393-0.672) <0.001 0.533 (0.402-0.706)  <0.001

OR, odds ratio.

assigned to each factor. The overall score, represented on 3.3 Validation of the Model

the bottom scale, indicates the likelihood of clinical preg- The AUC was calculated to assess the discriminative
nancy. ability of the nomogram (Fig. 3). The AUC of the training
Ilustrative example: cohort was 0.63 (95% CI: 0.60—0.65), and for the validation
For a 30-year-old woman with endometrial thickness cohort it was 0.62 (95% CI: 0.59-0.66). These values in-
=12 mm, IVF origin embryo, and D5 blastocyst: dicate the model has moderate discriminative performance.
* Age 30 — 55 points The calibration plot demonstrated good agreement between
* Endometrial thickness 12 mm — 53 points the actual and predicted probabilities, while the Hosmer-
« [VF fertilization — 0 points Lemeshow test revealed a nonsignificant difference (p =
* D5 embryo development — 32 points 0.430). This suggests the nomogram exhibited good cali-
Total Points = 55 + 53 + 0 + 32 = 140 points. bration and acceptable overall predictive performance (Fig.
A vertical line projected down from 140 of the Total ~ 4). Furthermore, DCA revealed the prediction model was
Points axis yields a predicted clinical pregnancy rate of ap- the highest line on the decision curve, suggesting it provides
proximately 0.70. a greater net benefit and potential clinical utility (Fig. 5).
4 &% IMR Press
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Fig. 2. Nomogram for predicting clinical pregnancy probability after frozen-thawed single high-quality blastocyst transfer. Note:

when using the line chart for patients, find the point on the axis corresponding to the value of each variable and project a vertical line

upward to the score axis (points). This shows the number of points for that variable. The scores obtained for each variable are then added

to give the total number of points. Subsequently, a vertical line is projected down from the value in the total points axis onto the clinical

pregnancy probability axis, which predicts the probability of clinical pregnancy by the patient.
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Fig. 3. ROC curves for the modeling group (A) and the validation group (B).

In the training cohort, the nomogram exhibited a favorable
clinical net benefit when the predicted clinical pregnancy
probability ranged from 30—90%. Only patients within this
range presented obvious heterogeneity in terms of mater-
nal age, endometrial thickness, fertilization method, and
blastocyst development stage. Risk stratification and in-
dividualized endometrial preparation as well as luteal sup-
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port guided by this nomogram can achieve superior clinical
net benefit compared with universal intervention or non-
stratified management. Patients with a predicted probabil-
ity of <30.0% or >90.0% calculated by this model do not
require personalized treatment.
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Fig. 5. Decision curves for the modeling group (A) and the validation group (B).

3.4 Subgroup Analysis of Factors Influencing the Clinical
Pregnancy Rate

We next conducted categorical multivariate logistic
regression analysis to optimize the clinical pregnancy prob-
ability of frozen single high-quality blastocyst transfer (Ta-
ble 3). Multivariate models were adjusted for confounding
variables screened from the preceding univariate analysis (p
< 0.05), and the stratified OR values represent the adjusted
results. Stratified analysis revealed that, compared with pa-
tients younger than 35 years, significantly lower odds of
clinical pregnancy were first observed in the 35-37 years
old subgroup (OR = 0.753, 95% CI: 0.612-0.928). Opti-
mal pregnancy rates occurred at an endometrial thickness
of 10.0-11.9 mm (OR = 1.973, 95% CI: 1.435-2.713), in-
dicating this range was an independent favorable predictor
for clinical pregnancy after adjustment for confounders.

4. Discussion

Prospective cohort analyses have confirmed that com-
pared with fresh blastocyst transfer, frozen-thawed blas-
tocyst transfer yields greater first-trimester crown-rump
length, higher estimated fetal weight and birth weight, in-
dicating that frozen embryo transfer exerts beneficial ef-
fects on both embryo implantation and subsequent fetal de-
velopmental trajectories [11,12]. Frozen single blastocyst
transfer presents distinct clinical advantages in assisted re-
productive practice. Nevertheless, clinical pregnancy out-
comes remain markedly heterogeneous among individuals
receiving this treatment. This retrospective cohort study an-
alyzed 3398 frozen-thawed, single high-quality blastocyst
transfer cycles in infertile patients. Multivariate logistic
regression identified four independent predictors of clini-
cal pregnancy: maternal age at oocyte retrieval, endome-
trial thickness, fertilization method (conventional IVF vs.
ICSI), and blastocyst developmental stage (D5 vs. D6).
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Table 3. Stratified analysis in different subgroups.

Variables

OR (95% CI) p-value

Maternal age at oocyte retrieval (years)

<35
35-37
38-39
>40
Endometrial thickness (mm)
<8.0
8.0-9.9
10.0-11.9
>12.0
Fertilization method, n (%)
IVF
ICSI
Blastocyst development stage, n (%)
D5
D6

ref.
0.753 (0.612-0.928)  0.008
0.537 (0.398-0.725) <0.001
0.341 (0.244-0.475) <0.001

ref.
1.134 (1.006-1.790)  0.046
1.973 (1.435-2.713) <0.001
1.898 (1.276-2.825)  0.002

ref.
1.445 (1.131-1.846)  0.003

ref.
0.533 (0.402-0.706) <0.001

The derived prediction nomogram demonstrated moderate
discriminative performance and favorable calibration.

Extensive evidence has consistently demonstrated an
inverse relationship between advancing maternal age and
clinical pregnancy outcomes across ART cycles [13,14,15].
With advancing maternal age, the ovarian reserve progres-
sively declines, accompanied by a reduction in both the
quantity and quality of oocytes. This is characterized by de-
creased mitochondrial content in oocytes and increased in-
cidence of embryonic aneuploidy [16]. Concurrently, age-
related morphological and functional changes in the en-
dometrium contribute to impaired endometrial receptivity.
These cumulative effects result in reduced clinical preg-
nancy rates and elevated rates of miscarriage [17]. Cohort
studies have demonstrated that embryonic aneuploidy in-
creases significantly with advancing maternal age, and that
implantation failure of chromosomally abnormal embryos
is the leading cause of reduced pregnancy rates in older pa-
tients [18]. Our subgroup analysis revealed a marked de-
cline in clinical pregnancy rates among women aged >35
years, consistent with existing literature documenting age-
related reproductive decline.

The receptive property of the endometrium is another
core contributor to final pregnancy results, with endome-
trial thickness being one of the clinically significant de-
terminants of endometrial receptivity. However, there is
currently no consensus regarding the optimal threshold for
implantation. Several studies have indicated that a thin
endometrium is correlated with reduced implantation and
pregnancy rates, thereby resulting in less favorable IVF out-
comes [19]. A large retrospective cohort study of 10,165
HRT-FET cycles identified an optimal endometrial thick-
ness cutoff of 8.7 mm for embryo transfer. For patients
with an endometrium thinner than this threshold, each 1
mm increase in thickness markedly enhanced the implan-
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tation, clinical pregnancy, and live birth rates [20]. The
correlation between endometrial thickness and live birth
rate was not linear, and no consistent cut-off value was
found. Another study of patients receiving FET or preim-
plantation genetic testing (PGT) cycles found no adverse
thickness range, and the predictive efficacy of endometrial
thickness remained modest (AUC 0.56-0.60) [21]. In the
present study, we used categorical multivariate logistic re-
gression analysis to identify an optimal endometrial thick-
ness range. Significantly higher clinical pregnancy rates
were found in all three comparison groups versus controls,
with the rates plateauing after reaching a saturation thresh-
old rather than showing continuous improvement with in-
creasing thickness. Our data revealed that 10.0-11.9 mm
was the optimal range of endometrial thickness for frozen
single blastocyst transfers, providing clinically actionable
guidance for cycle management.

Although the ICSI technique was initially developed
to treat severe male-factor infertility, the scope of its clini-
cal application has undergone continuous expansion in rou-
tine practice. Current evidence from two multicenter RCTs
and a Cochrane systematic review demonstrates that ICSI
provides no significant improvement in clinical pregnancy
rates or live birth outcomes compared to conventional IVF
in non-male factor infertility populations [22,23,24]. More-
over, an RCT indicated that for couples with non-severe
male-factor infertility, ICSI did not improve the live birth
rate compared with conventional IVF [25,26]. According to
the SOP of our institute, ICSI is primarily indicated for se-
vere male-factor infertility. Our results demonstrated a sig-
nificantly higher clinical pregnancy rate in the ICSI group
compared to the conventional IVF group. Although the cur-
rent study excluded known factors impacting embryo im-
plantation, the conventional IVF group may harbor other
underlying female infertility factors. These unidentified
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factors could potentially compromise pregnancy outcomes
following blastocyst transfer in conventional IVF patients
by adversely affecting endometrial receptivity and/or em-
bryo quality.

Blastocyst quality is a significant determinant of em-
bryonic implantation potential. Advanced maternal age im-
pairs blastocyst quality via oocyte meiotic errors and in-
creased embryonic aneuploidy [18]. Evidence regarding
the comparative efficacy of D5 versus D6 blastocyst trans-
fer remains complex and occasionally conflicting. Ret-
rospective analyses demonstrated significantly higher eu-
ploidy rates in D5 blastocysts compared to D6 counter-
parts, yet found no significant differences in pregnancy or
live birth rates following transfer of euploid blastocysts be-
tween these two developmental stages [27]. Conversely,
other studies have found that D5 blastocyst transfer yields
higher clinical pregnancy rates and live birth rates com-
pared to D6 blastocyst transfer in both fresh and/or frozen
embryo transfer cycles [28]. Moreover, a meta-analysis
published in 2010 reported comparable clinical pregnancy
and ongoing pregnancy/live birth rates between D5 and D6
frozen-thawed blastocyst transfers, suggesting similar re-
productive potential [29]. In contrast, a subsequent meta-
analysis published in 2019 indicated superior clinical preg-
nancy and live birth rates with D5 blastocyst transfers com-
pared to D6 transfers in both fresh and frozen cycles [30].
Notably, when examining eSET involving euploid or low-
level mosaic blastocysts, D5 blastocysts (particularly those
with high morphological grade) yielded significantly higher
clinical pregnancy and live birth rates than D6 blastocysts
[31,32]. Supporting the potential impact of developmen-
tal timing, Hashimoto et al. [33] reported an increased in-
cidence of abnormal spindle morphology and diminished
implantation competence in developmentally delayed em-
bryos relative to normally developing embryos. Consis-
tent with these latter findings, our results demonstrated a
markedly higher clinical pregnancy rate following the trans-
fer of high-quality D5 blastocysts compared to high-quality
D6 blastocysts. In conclusion, the optimal developmental
stage (D5 vs. D6) for blastocyst transfer requires further
elucidation through rigorous investigation.

This study has several notable strengths. First, our
analysis incorporated a substantial cohort of treatment cy-
cles. Furthermore, the nomogram developed here integrates
four critical prognostic variables: maternal age at oocyte
retrieval, endometrial thickness, fertilization method (con-
ventional IVF vs. ICSI), and blastocyst developmental
stage (D5 vs. D6). This model provides a personalized
probability assessment of pregnancy following frozen sin-
gle high-quality blastocyst transfer. While these predictive
factors have been identified previously, the construction
and validation of the current predictive instrument repre-
sent a novel contribution. Given the increasing utilization
of IVF, this nomogram serves as a valuable clinical tool
to optimize patient counseling and manage expectations.

Patients increasingly prefer personalized risk stratification
over population-based estimates when making informed
treatment decisions. Personalized counseling can deliver
tailored prognostic information based on patient-specific
characteristics, aligning fundamentally with the principles
of precision medicine.

Limitations

This study has several limitations. First, as a retro-
spective cohort investigation, the study covered a relatively
long-term observational window. Gradual improvements in
assisted reproductive practice, laboratory settings, and clin-
ical protocols during this period may have contributed to
time-associated confounding effects. Furthermore, external
validation of our cohort is warranted prior to clinical imple-
mentation of the nomogram. Additionally, other potential
predictors, including blastocyst morphological grade, de-
velopmental kinetics, and pre-transfer serum progesterone
level, were not incorporated into the model. Clinical preg-
nancy was selected as the primary endpoint, and live birth
and neonatal outcomes were not evaluated. Future studies
that also assess obstetric outcomes and perinatal endpoints
are essential. Incorporation of these additional prognos-
tic factors could enhance the model’s discriminatory power
and clinical applicability.

5. Conclusions

This retrospective cohort study developed a clinically
calibrated predictive model that reasonably estimates the
probability of clinical pregnancy, offering potential utility
for fertility treatment planning. The nomogram serves as a
useful predictive reference for frozen-thawed, single high-
quality blastocyst transfer cycles. By integrating four key
parameters—maternal age at oocyte retrieval, endometrial
thickness, fertilization method (IVF/ICSI), and blastocyst
developmental stage (D5/D6), this model provides indi-
vidualized outcome probability, enabling optimized patient
counseling and clinical decision-making. Further valida-
tion and refinement will facilitate broader implementation
of this precision medicine tool to guide treatment strategies
and enhance outcomes in FET cycles.
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