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This study evaluates the independent correlation between inner cell mass (ICM) and trophectoderm
(TE) grading with preimplantation genetic testing for aneuploidy (PGT-A) outcomes in embryos
biopsied on Day 5 or Day 6 to determine whether morphology-based selection can serve as an
alternative to PGT-A. A retrospective analysis of 1,292 embryos from patients undergoing IVF at a
single academic center was conducted between October 2019 and March 2023. Blastocysts were
graded using Society for Assisted Reproductive Technology (SART) morphology criteria, and biopsy
results were categorized as euploid, aneuploid, mosaic, inconclusive, or low DNA. Maternal age
(24-45 years) was analyzed both by SART age groups (<35, 35-37, 38-40, 41-42,>42)and in a
multivariable logistic regression (euploid vs aneuploid) adjusting for age, biopsy day (Day 5 vs Day 6),
inner cell mass (ICM), and trophectoderm (TE). Embryos with mosaic, inconclusive, or low-DNA results
were excluded from inferential analyses. Statistical analysis was performed using the chi-square test
(p<0.05). Of the 1,292 embryos, 632 (48.9%) were euploid, 508 (39.3%) aneuploid, and 152 (11.8%)
mosaic or inconclusive. Good ICM embryos had significantly higher euploidy rates than aneuploidy on
both biopsy days (p <0.001), while poor ICM embryos had higher aneuploidy rates (p <0.001). Similarly,
good TE embryos were more likely to be euploid than poor TE embryos (p <0.001). Day 5 embryos
had significantly higher euploidy rates than Day 6 embryos across all grading categories (p <0.05).
However, no statistical difference was found between Day 6 good ICM embryos and Day 5 fair ICM
embryos (p=0.1335), while Day 6 good TE embryos had higher euploidy than Day 5 fair TE embryos
(p<0.01). Euploidy declined stepwise across SART age groups. In the adjusted model, each additional
year of maternal age after 35 lowered the odds of euploidy by ~6%. Both ICM and TE grades predict
embryo euploidy, supporting the use of morphological assessment to optimize embryo selection and
potentially reduce reliance on PGT-A.

Keywords Preimplantation genetic testing (PGT-A), Embryo morphology, Inner cell mass (ICM),
Trophectoderm (TE), Aneuploidy, In vitro fertilization (IVF), Non-invasive prediction

The use of assisted reproductive technology (ART) has grown significantly over the past two decades, addressing
the infertility challenges faced by millions of Americans. In 2021 alone, approximately 2.3% of infants born
in the United States were conceived via ART, with in vitro fertilization (IVF) accounting for 99% of these
procedures!. While various factors influence the success of IVE, the age of the patient and the quality of the
transferred embryo are critical predictors. Poor-quality embryos have lower implantation potential, which is
strongly associated with lower pregnancy rates?.

Currently, the standard practice for determining embryo quality involves morphological assessment. In the
United States, this is commonly performed using the Society for Assisted Reproductive Technology (SART)
grading method>. This method is applied to cleavage-stage embryos, morulae, and blastocysts. For blastocysts,
the inner cell mass (ICM) and the outer cell mass, or trophectoderm (TE), are graded as good, fair, or poor based
on morphological characteristics. This grading system has been shown to correlate strongly with successful
implantation and live births in patients undergoing single blastocyst transfers®.
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Chromosomal aneuploidy in embryos has been identified as a key factor contributing to implantation
failure. Aneuploid embryos are thought to lack the necessary molecular interactions required for successful
implantation into the endometrium®. To improve pregnancy rates per transfer, preimplantation genetic testing
for aneuploidy (PGT-A) has become increasingly common in IVF cycles, enabling the selection of euploid
embryos for transfer®. However, PGT-A has limitations. The procedure is costly, its effects on embryos remain
uncertain, and it is prone to inaccuracies in cases of chromosomal mosaicism without significantly improving
pregnancy rates, especially in women under the age of 35.7.

Given the invasive nature and unclear benefits of PGT-A, many clinics have reverted to relying on embryo
morphology for selecting suitable embryos for transfer®. Presently, several studies have explored the relationship
between TE morphology and euploidy, with results consistently indicating a higher rate of euploidy among
embryos with superior morphological scores of the TE*!?. However, there is a notable lack of data specifically
examining the correlation between ICM grading and euploid status.

The objective of this study is to evaluate whether an association exists between the grading of the ICM and
TE and the PGT results of embryos biopsied on Day 5 or Day 6, and if this association could help in selecting
embryos for transfer without resorting to PGT-A.

Material and methods

This retrospective cohort study analyzed embryos from patients undergoing IVF at a single academic center
between October 2019 and March 2023. All patients underwent a standard ovarian stimulation protocol using
the antagonist protocol. Oocyte retrieval was performed 34 to 36 h after the administration of a trigger using
either hCG or Lupron. Mature oocytes were subjected to intracytoplasmic sperm injection (ICSI). Fertilized
oocytes were cultured in benchtop incubators with single-step media until the blastocyst stage.

Embryo biopsy was performed on expanded blastocysts on Day 5 or Day 6. Only embryos that underwent
PGT-A were included in the study. The age of the patients included in the study ranged from 24 to 45 years old.
Patient information was anonymized before analysis.

Blastocysts were graded according to the SART embryo morphology grading criteria. Two experienced
embryologists assessed the grades of the ICM and TE, classifying them into three groups: good, fair, and poor.
TE biopsy for PGT-A was performed on Day 5 or Day 6 embryos. Biopsy results were categorized into five
groups: euploid, aneuploid, mosaic, inconclusive, or low DNA.

Statistical analysis was conducted using the chi-square goodness-of-fit test. A p-value of <0.05 was considered
statistically significant. We analyzed PGT-A outcomes in two steps. First, results were summarized by SART
maternal age groups (< 35, 35-37, 38-40, 41-42,>42), both overall and separately for Day 5 and Day 6 biopsies.
Second, we used multivariable logistic regression with euploid status (euploid vs aneuploid) as the outcome.
Predictors in this model included maternal age (continuous), biopsy day (Day 6 vs Day 5), ICM grade, and
TE grade. To explore whether age influenced embryo quality, we also performed ordinal logistic regression
with morphology grade (poor < fair <good) as the outcome and age as the predictor. Embryos with mosaic,
inconclusive, or low-DNA results were excluded from these inferential analyses but reported descriptively.
Finally, we assessed the strength of the association between morphology and ploidy (euploid vs aneuploid) using
chi-square tests and effect size (Cohen’s w). Given the large overall sample size, these associations were well
powered despite smaller subgroup counts. Due to the retrospective nature of the study, the informed consent was
waived by the University of Miami Institutional Review Board (IRB).

Results

A total of 1,292 embryos were biopsied during the study period, with 852 (65.9%) biopsied on Day 5 and 440
(34.1%) on Day 6. Among these biopsied embryos, 632 (48.9%) were euploid, 508 (39.3%) were aneuploid,
and 152 (11.8%) were categorized as mosaic, inconclusive, or low DNA (Table 1). Age-stratified tables showed
a stepwise decline in euploidy with increasing maternal age overall (Table 2) and within each biopsy day. This
trend remained consistent when analyzed separately for Day 5 (Table 3) and Day 6 (Table 4) biopsies.

Inner cell mass (ICM) grading and PGT-A results

Table 5 highlights the PGT-A results stratified by ICM grade and biopsy day. For Day 5 biopsies, a statistically
significant association was observed between ICM grade and PGT-A results. Embryos with a good ICM grade
were more likely to be euploid (60.6%) compared to aneuploid (29.9%) (p-value <0.001). Conversely, embryos
with a poor ICM grade were more likely to be aneuploid (61.5%) compared to euploid (34.6%) (p-value 0.002).

PGT-A Result | Day 5 count | Day 6 count | Total count | % of total biopsied embryos percentage
Euploid 471 161 632 48.9%

Aneuploid 298 210 508 39.3%

Mosaic 21 12 33 2.6%

Inconclusive 25 19 44 3.4%

Low DNA 37 38 75 5.8%

Total 852 440 1,292 100%

Table 1. Summary of PGT-A Results by Day of Biopsy (Day 5 vs. Day 6). *These include mosaic, inconclusive,
and low DNA PGT-A results.
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PGT Result | <35 35-37 38-40 41-42 >42
Euploid 366 (56.8%) | 177 (51.5%) | 70 (34.5%) | 12 (15.6%) | 7 (29.2%)
Aneuploid | 198 (30.7%) | 134 (39.0%) | 109 (53.7%) | 52 (67.5%) | 15 (62.5%)
Mosaic 21(3.3%) | 2(0.6%) 8 (3.9%) 2(26%) | 0(0.0%)

Inconclusive | 20 (3.1%) 14 (4.1%) 5(2.5%) 5(6.5%) 0(0.0%)
Low DNA 39 (6.1%) 17 (4.9%) 11 (5.4%) 6 (7.8%) 2(8.3%)
Total 644 344 203 77 24

Table 2. Summary of PGT-A results stratified by age.

PGT Result | <35 35-37 38-40 41-42 >42

Euploid 286 (62.4%) | 118 (53.6%) | 54 (43.9%) | 8 (21.6%) | 5 (35.7%)
Aneuploid | 125 (27.3%) | 82 (37.3%) | 57 (46.3%) | 26 (70.3%) | 8 (57.1%)
Mosaic 16 (3.5%) | 1(0.5%) 4(33%) | 0(0.0%) |0(0.0%)

Inconclusive | 12 (2.6%) 9 (4.1%) 2 (1.6%) 2 (5.4%) 0(0.0%)
Low DNA 19 (4.1%) 10 (4.5%) 6 (4.9%) 1(2.7%) 1(7.1%)

Table 3. Summary of Day 5 Biopsy PGT-A results stratified by age.

PGT Result | <35 35-37 38-40 41-42 >42

Euploid 80 (43.0%) | 59 (47.6%) | 16 (20.0%) | 4 (10.0%) | 2 (20.0%)
Aneuploid | 73 (39.2%) | 52 (41.9%) | 52 (65.0%) | 26 (65.0%) | 7 (70.0%)
Mosaic 5(2.7%) | 1(0.8%) |4(5.0%) |2(5.0%) | 0(0.0%)

Inconclusive | 8 (4.3%) 5 (4.0%) 3(3.8%)
Low DNA 20 (10.8%) | 7 (5.6%) 5(6.2%)

7.5%) 0(0.0%)
12.5%) | 1(10.0%)

3(
5(

Table 4. Summary of Day 6 biopsy PGT-A results stratified by age.

ICM Grade | Day | Euploid No. and % | Aneuploid No. and % | Other* No.and % | Total | P-value**
Good Day 5 2346% ;gf)g% 5;.5% 535 <0.001
Day6 | 70 g e 2 o 106 | <0.001
Fair Days | 138 e 3 o 291 | <0001
Day6 | 36 oo s0% Yo% 254 | <0001
Poor Day5 | 43 con e o 2 0.002
Day 6 };8% 2;.8% i?.s% 80 | <0001

Table 5. PGT-A results stratified by ICM grade and day of biopsy (Day 5 vs. Day 6). *These include mosaic,
inconclusive, and low DNA PGT-A results. **P-value results for the association between ICM grade and ploidy
status (euploid vs. aneuploid).

This trend was even more pronounced in embryos biopsied on Day 6. Embryos with good ICM grades exhibited
50.9% euploidy compared to 30.2% aneuploidy (p-value <0.001), while poor ICM grades were associated with
63.8% aneuploidy compared to 18.8% euploidy (p-value <0.001).

Trophectoderm (TE) grading and PGT-A results

Table 6 provides the PGT-A outcomes stratified by TE grade and biopsy day. A significant relationship was also
identified between TE grade and PGT-A results. On Day 5, embryos with good TE grades were more likely to
be euploid (62.1%) compared to aneuploid (27.7%) (p-value <0.001), while embryos with poor TE grades had
a 51.3% chance of aneuploidy and 46.2% chance of euploidy (p <0.001). For embryos biopsied on Day 6, this
association was even stronger. Embryos with good TE grades exhibited 56.8% euploidy compared to 28.4%
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Euploid Rate (%)

70

Trophectoderm Grade | Day | Euploid No. and % | Aneuploid No. and % | Other* No.and % | Total | P-value**
Good Days | 220, D . 499 | <0.001
Day 6 | 2 gu 2% 147% 9 | <0001
Fair Days | 12 s %8 09 314 | <0.001
Days | 35 e % 254 | <0.001
Poor Day 5 }12_2% 2(1)3% ;.6% 39 <0.001
Day 6 | 20 oo % 12.1% o1 | <0001

Table 6. PGT-A Results Stratified by TE Grade and Day of Biopsy (Day 5 vs. Day 6). *These include mosaic,
inconclusive, and low DNA PGT-A results. **P-value results for the association between TE grade and ploidy
status (euploid vs. aneuploid).

Comparison of Euploidy Rates by ICM Grade: Day 5 vs Day 6
67%

I Day 5 Euploid Rate (%)
63% Il Day 6 Euploid Rate (%)

Good Fair Poor
ICM Grade

Fig. 1. *Within each biopsy day, euploidy declined from good to poor ICM grades (p <0.05), except for Day 5
fair vs Day 5 poor, which was not significant.

aneuploidy (p-value <0.001). In contrast, poor TE grades showed 67% aneuploidy compared to 20.9% euploidy
(p<0.001).

Day 5 vs. Day 6, euploid and aneuploid embryos, based on inner cell mass grade and
trophectoderm grade

Within the same day of embryo biopsy, the percentage of euploid embryos declined as the ICM and TE grading
moved from good to poor (p-value <0.05), except for Day 5 fair vs. Day 5 poor ICM and TE grade embryos,
where while there was a decline, it did not reach statistical difference threshold. This trend is visualized in Figs. 1
and 2, which illustrate the progressive decrease in euploidy rates as both ICM and TE quality decline across both
biopsy days.

There was a statistical difference in the rate of euploidy between Day 6 embryos with a good TE grade
compared to Day 5 embryos with a fair TE grade (p-value <0.01). However, there was no statistical difference
in the rate of euploidy between Day 6 good ICM grade embryos and Day 5 embryos with fair ICM grades
(p=0.1335). In addition, there was no statistical difference in euploid embryo percentage when comparing Day
5 embryos with poor ICM or TE grading and Day 6 embryos with fair ICM or TE grading (p=0.6702 and
p=0.5943, respectively).
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Comparison of Euploidy Rates by TE Grade: Day 5 vs Day 6

69%

67% HEEE Day 5 Euploid Rate (%)
Il Day 6 Euploid Rate (%)
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TE Grade

Fig. 2. *Within each biopsy day, euploidy declined from good to poor TE grades (p <0.05), except for Day 5
fair vs Day 5 poor, which was not significant.

Morphology grade | <35 (n=644) | 35-37 (n=344) | 38-40 (n=203) | 41-42 (n=77) | >42 (n=24)
ICM - Good (%) 59.6 52.8 39.4 26.0 25.0
ICM - Fair (%) 35.1 40.4 47.8 55.8 58.3
ICM - Poor (%) 53 6.8 12.8 18.2 16.7
TE - Good (%) 61.5 55.2 42.3 30.5 29.2
TE - Fair (%) 32.6 37.8 46.8 53.2 54.2
TE - Poor (%) 59 7.0 10.9 16.3 16.6

Table 7. Distribution of ICM and TE Morphology Grades by SART maternal age group.

Multivariable model

In the adjusted logistic regression, maternal age after the age of 35 independently lowered the odds of euploidy
(=6% per additional year). In addition, embryo morphology declined with age using an ordinal logistic regression.
The results showed that embryos were increasingly likely to have lower morphology grades for both ICM and
TE by about 5-6% per year after the age of 35. This trend is also clearly seen in Table 7, where the proportion of
“good” embryos declines and “fair” or “poor” grades increase across SART age groups.

Discussion

Assisted reproductive technology has become a cornerstone in addressing infertility, with IVF as its most
utilized modality'. Embryo quality, assessed through morphological grading, remains a critical determinant
of IVF outcomes®. As the integration of PGT-A becomes more prevalent, questions arise regarding its cost-
benefit ratio, accuracy, and overall impact on clinical outcomes. This study addresses a gap in the literature by
assessing the association between ICM and TE grading and PGT-A outcomes, a novel approach that dissects
their individual predictive values.

Several studies have demonstrated a strong correlation between overall embryo grade and PGT-A results™!°.
However, no prior research has analyzed the predictive value of ICM and TE grades separately.

The current findings highlight that both ICM and TE grades are equally predictive of euploidy, supporting
the clinical utility of detailed morphological assessment. Embryos with good grades in either ICM or TE were
significantly more likely to be euploid, while poor grades in either were associated with a higher prevalence of
aneuploidy. This highlights that the quality of the ICM is as effective as the quality of the TE in predicting PGT
outcomes.
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Results from this study further emphasize that Day 5 embryos consistently had higher euploid rates across
both ICM and TE grades compared to Day 6 embryos. Within the same day, significant differences were
observed between good vs. fair grades and fair vs. poor grades (p <0.05), except for Day 5 fair vs. Day 5 poor
ICM and TE grades, which were not statistically significant. The absence of a significant difference could indicate
that Day 5 embryos with “fair” and “poor” grades may share similar intrinsic developmental and chromosomal
characteristics, as well as dynamic changes limiting their predictive distinction. Maternal age was strongly
associated with both ploidy and morphology: euploidy fell progressively across SART age groups, and older age
was linked to lower ICM/TE grades.

In embryos biopsied on Day 6, there was a higher euploidy rate in embryos with higher grades (good,
fair) compared to Day 5 embryos with one grade lower (fair, poor). These differences did not reach statistical
significance except for Day 6 embryos with a good TE grade compared to Day 5 embryos with a fair TE grade
(p-value 0.011). Given these results, it seems prudent to prioritize transferring Day 5 or Day 6 embryos with
good ICM or TE grading, followed by Day 5 fair/poor embryos, and lastly Day 6 embryos with fair/poor grading.
This strategy would maximize the likelihood of euploid selection while potentially reducing reliance on invasive
procedures like PGT-A. Furthermore, these results reinforce the superior predictive value of good morphology
at earlier developmental stages and highlight that delayed development not only reduces the euploidy rate but
also diminishes the predictive impact of morphological grading. Although this study did not correlate with
pregnancy rates, live birth rates after elective single embryo transfer of a euploid embryo remain high across
different age groups, often exceeding 50% (Practice Committee of the ASRM).

The invasiveness of PGT-A has been a point of contention. The biopsy procedure, though minimally invasive,
carries risks of damaging embryos and negatively impacting implantation potential’. Additionally, PGT-A is
associated with significant costs, often ranging from $4,000 to $7000 per cycle, excluding the baseline IVF
expenses®. Considering these factors, it is crucial to evaluate whether the benefits of PGT-A—such as potentially
higher live birth rates—justify its routine application.

While some studies claim that PGT-A can reduce the time to achieve a live birth by selecting euploid embryos
for transfer®, others challenge this assertion, citing inconsistent evidence®. For instance, a systematic review by
Gleicher et al.'! found that the purported benefits of PGT-A in reducing time to pregnancy were not universally
observed, particularly in younger patients with a higher likelihood of producing euploid embryos. The debate
over whether PGT-A is worth its risks remains unresolved, particularly given the lack of uniform improvements
in clinical outcomes.

Emerging evidence points to the risks associated with PGT-A, including the potential for misdiagnosis due to
chromosomal mosaicism. A study by Huang et al.!? found that up to 20% of embryos classified as mosaic based
on PGT-A results could result in healthy live births if transferred. Furthermore, biopsy-related risks, including
the loss of viable embryos, remain a concern!®. These findings underscore the need for careful consideration of
whether PGT-A should be universally applied.

The results of this study reveal a significant association between embryo morphology and PGT-A outcomes,
emphasizing the predictive value of ICM and TE grades for chromosomal euploidy. Embryos graded as “good”
for either ICM or TE were significantly more likely to be euploid, while those with “poor” grades showed a
higher prevalence of aneuploidy. This association was consistent across both Day 5 and Day 6 biopsies, with Day
5 embryos exhibiting superior euploid rates compared to Day 6 embryos. The finding that ICM and TE grades
have equivalent predictive value underscores the importance of evaluating both components separately rather
than relying on an overall morphological score. These results contribute to the growing evidence supporting the
utility of morphological assessment in embryo selection. Furthermore, the significant trends observed highlight
that detailed grading can serve as a non-invasive alternative or complement to PGT-A, particularly in resource-
limited or high-risk populations, thereby reducing the dependency on invasive procedures while maintaining
high predictive accuracy for successful implantation.

This study’s major strength lies in its focus on the separate evaluation of ICM and TE grades, providing novel
insights into their individual roles as predictors of PGT-A outcomes. The robust sample size of 1292 embryos
enhances the statistical power of the findings, and the study’s use of the widely accepted SART grading criteria
ensures methodological consistency.

Despite its strengths, the study is limited by its retrospective nature, which may introduce inherent biases
related to patient selection and data collection. Additionally, the findings are restricted to a single academic center,
which may limit generalizability. The dataset was de-identified and did not include patient-level demographics
beyond maternal age and biopsy day. We acknowledge that the small size of some groups could have affected
our conclusion. We believe future studies should incorporate multicenter designs and prospectively evaluate the
relationship between ICM, TE, and euploidy rates.

Conclusion

The findings of this study highlight the predictive value of both ICM and TE grades for PGT-A results,
emphasizing the clinical utility of detailed morphological assessment. While PGT-A offers potential benefits,
its costs, risks, and inconsistent impact on time to pregnancy necessitate careful consideration. Prospective,
randomized studies are needed to fully elucidate the role of PGT-A in improving IVF outcomes and to guide
evidence-based clinical practice.

Data availability
The research data supporting the results of this manuscript are included in the supplementary file submitted
alongside the manuscript.
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