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ABSTRACT 

STUDY QUESTION: Does the diagnosis of mosaicism affect ploidy rates across different providers offering preimplantation genetic 
testing for aneuploidies (PGT-A)?

SUMMARY ANSWER: Our analysis of 36 395 blastocyst biopsies across eight genetic testing laboratories revealed that euploidy rates 
were significantly higher in providers reporting low rates of mosaicism.

WHAT IS KNOWN ALREADY: Diagnoses consistent with chromosomal mosaicism have emerged as a third category of possible 
embryo ploidy outcomes following PGT-A. However, in the era of mosaicism, embryo selection has become increasingly complex. 
Biological, technical, analytical, and clinical complexities in interpreting such results have led to substantial variability in mosaicism 
rates across PGT-A providers and clinics. Critically, it remains unknown whether these differences impact the number of euploid em-
bryos available for transfer. Ultimately, this may significantly affect clinical outcomes, with important implications for PGT- 
A patients.

STUDY DESIGN, SIZE, DURATION: In this international, multicenter cohort study, we reviewed 36 395 consecutive PGT-A results, 
obtained from 10 035 patients across 11 867 treatment cycles, conducted between October 2015 and October 2021. A total of 17 IVF 
centers, across eight PGT-A providers, five countries and three continents participated in the study. All blastocysts were tested 
using trophectoderm biopsy and next-generation sequencing. Both autologous and donation cycles were assessed. Cycles using 
preimplantation genetic testing for structural rearrangements were excluded from the analysis.

PARTICIPANTS/MATERIALS, SETTING, METHODS: The PGT-A providers were randomly categorized (A to H). Providers B, C, D, E, F, 
G, and H all reported mosaicism, whereas Provider A reported embryos as either euploid or aneuploid. Ploidy rates were analyzed us-
ing multilevel mixed linear regression. Analyses were adjusted for maternal age, paternal age, oocyte source, number of embryos 
biopsied, day of biopsy, and PGT-A provider, as appropriate. We compared associations between genetic testing providers and PGT-A 
outcomes, including the number of chromosomally normal (euploid) embryos determined to be suitable for transfer.

MAIN RESULTS AND THE ROLE OF CHANCE: The mean maternal age (±SD) across all providers was 36.2 (±5.2). Our findings reveal a 
strong association between PGT-A provider and the diagnosis of euploidy and mosaicism. Amongst the seven providers that reported 
mosaicism, the rates varied from 3.1% to 25.0%. After adjusting for confounders, we observed a significant difference in the likelihood 
of diagnosing mosaicism across providers (P<0.001), ranging from 6.5% (95% CI: 5.2–7.4%) for Provider B to 35.6% (95% CI: 32.6–38.7%) 
for Provider E. Notably, adjusted euploidy rates were highest for providers that reported the lowest rates of mosaicism (Provider B: 
euploidy, 55.7% (95% CI: 54.1–57.4%), mosaicism, 6.5% (95% CI: 5.2–7.4%); Provider H: euploidy, 44.5% (95% CI: 43.6–45.4%), mosaicism, 
9.9% (95% CI: 9.2–10.6%)); and Provider D: euploidy, 43.8% (95% CI: 39.2–48.4%), mosaicism, 11.0% (95% CI: 7.5–14.5%)). Moreover, 
the overall chance of having at least one euploid blastocyst available for transfer was significantly higher when mosaicism 
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was not reported, when we compared Provider A to all other providers (OR¼1.30, 95% CI: 1.13–1.50). Differences in diagnosing and 
interpreting mosaic results across PGT-A laboratories raise further concerns regarding the accuracy and relevance of mosaicism pre-
dictions. While we confirmed equivalent clinical outcomes following the transfer of mosaic and euploid blastocysts, we found that a 
significant proportion of mosaic embryos are not used for IVF treatment.

LIMITATIONS, REASONS FOR CAUTION: Due to the retrospective nature of the study, associations can be ascertained, however, 
causality cannot be established. Certain parameters such as blastocyst grade were not available in the dataset. Furthermore, certain 
platform-related and clinic-specific factors may not be readily quantifiable or explicitly captured in our dataset. As such, a full eluci-
dation of all potential confounders accounting for variability may not be possible.

WIDER IMPLICATIONS OF THE FINDINGS: Our findings highlight the strong need for standardization and quality assurance in the 
industry. The decision not to transfer mosaic embryos may ultimately reduce the chance of success of a PGT-A cycle by limiting the 
pool of available embryos. Until we can be certain that mosaic diagnoses accurately reflect biological variability, reporting mosaicism 
warrants utmost caution. A prudent approach is imperative, as it may determine the difference between success or failure for 
some patients.

STUDY FUNDING/COMPETING INTEREST(S): This work was supported by the Torres Quevedo Grant, awarded to M.P. (PTQ2019- 
010494) by the Spanish State Research Agency, Ministry of Science and Innovation, Spain. M.P., L.B., A.R.L., A.L.R.d.C.L., N.P.P., M.P., 
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Introduction
The high prevalence of chromosomal abnormalities in human 
embryos is a prominent factor contributing to reproductive fail-
ure (Gruhn et al., 2019). Embryonic aneuploidies largely originate 
during oocyte meiosis and increase progressively with advancing 
maternal age (Franasiak et al., 2014; Capalbo et al., 2017). 
Accordingly, the success of IVF treatment rapidly declines for 
women over the age of 35 years. Yet, if a euploid embryo is trans-
ferred, implantation, ongoing pregnancy, and live birth rates re-
main similar across all age groups (Harton et al., 2013; Irani et al., 
2019). In line with this premise, preimplantation genetic testing 
for aneuploidies (PGT-A) seeks to screen a patient’s cohort of em-
bryos to select those that are chromosomally normal, with an 
aim of achieving the highest chance of live birth per embryo 
transfer. Given its inherent appeal, the use of PGT-A has in-
creased steadily over the past decade. In 2017, over 30% of all IVF 
cycles performed in the USA included PGT-A (Roche et al., 2021). 
Nevertheless, the value of this add-on treatment remains 
unclear, with many challenging its routine clinical application 
without reliable evidence attesting to its effectiveness 
(Mastenbroek et al., 2021; Barad et al., 2022; Gleicher et al., 2022).

PGT-A currently relies on a trophectoderm (TE) biopsy of 5–10 
cells, analyzed by next-generation sequencing (NGS). The re-
duced cost and the high sensitivity of NGS have delivered an en-
hanced platform for evaluating chromosomal abnormalities at 
the blastocyst stage of development (Fiorentino et al., 2014). This 
is particularly true for whole chromosome abnormalities of mei-
otic origin. Meiotic aberrations affect all embryonic cells uni-
formly and are largely predictive of adverse clinical outcomes 
(Marin et al., 2021; Tiegs et al., 2021). However, the interpretation 
of chromosomal profiles with intermediate copy number values 
remains a challenge. Such profiles predict mosaicism, i.e. the 
presence of chromosomally distinct cells within a TE biopsy, and 
have recently emerged as a third category of possible outcomes 
in PGT-A (Cram et al., 2019; Leigh et al., 2022). The most clinically 
relevant diagnoses include the mix of euploid and aneuploid cells 
(with either whole chromosome or segmental aberrations) 
(Viotti, 2020), hereafter referred to as mosaic embryos.

Chromosomal mosaicism is largely attributed to mitotic errors 
during preimplantation development (Delhanty et al., 1993, 1997). 
Although well-recognized, the higher frequency of mosaic diag-
noses following the implementation of NGS casts doubts on the 

clinical relevance of these findings (Sachdev et al., 2017). The de-
velopmental potential of mosaic embryos also remains conten-
tious. Several studies have suggested that embryos diagnosed as 
mosaic can lead to normal live births (Popovic et al., 2020; 
Capalbo et al., 2021; Viotti et al., 2021). The selective elimination 
of aneuploid cells through the competitive growth of euploid 
cells has been proposed as a mechanism by which human mo-
saic embryos tolerate chromosomal instability (Yang et al., 2021). 
These findings have led to recommendations to transfer mosaic 
embryos in the absence of a euploid alternative (Cram et al., 2019; 
Leigh et al., 2022). However, retrospective studies have suggested 
that mosaic diagnoses are associated with reduced reproductive 
potential (Munn�e et al., 2017b; Viotti et al., 2021). Although these 
conclusions were founded on inherently poor prognosis patient 
cohorts, mosaic embryos were ultimately given low priority and 
have been routinely classified as unsuitable for clinical use. 
Prospective non-selection studies have now shown similar repro-
ductive outcomes of euploid and low-level (50%) mosaic embryos 
(Capalbo et al., 2021; Gill et al., 2022), yet prevailing concerns re-
garding the potential risks of mosaicism on development con-
tinue to complicate clinical decision making following PGT-A. 
Thus, despite recommendations to transfer mosaic embryos, it 
has been proposed that fewer than 3% are used for IVF treatment 
(American Society for Reproductive Medicine, 2020; Capalbo 
et al., 2021), limiting, in practice, the pool of embryos available 
for transfer.

In addition to biological considerations, several technical fac-
tors hinder the diagnosis of mosaicism. These reflect challenges 
associated with the genetic analysis of very few cells, such as am-
plification bias, contamination, and mitotic state (American 
Society for Reproductive Medicine, 2020; Treff and Marin, 2021). 
These difficulties, coupled to the complex task of interpreting in-
termediate copy number values, have led to varying practices in 
diagnosing and reporting mosaic calls amongst providers. For in-
stance, different intermediate copy number values have been 
proposed to predict mosaicism. These range between 20% and 
80% or 30% and 70% abnormal cells within the TE biopsy (Garc�ıa- 
Pascual et al., 2020; Marin et al., 2021; Leigh et al., 2022). 
Thresholds specifying the level of mosaicism also differ amongst 
PGT-A providers, with 20–40% or <50% abnormal cells, classified 
as low range, and >40% or >50% aberrant cells indicating high 
level mosaicism. Some providers choose not to report mosaicism, 
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classifying an embryo as euploid if the TE biopsy shows <30%, 
40%, or 50% abnormal cells. All of these factors, in addition to 
changing perceptions toward embryo mosaicism, have led to 
substantial variability in mosaicism rates amongst clinics and ge-
netic testing laboratories (Munn�e et al., 2019; Viotti et al., 2021).

Arbitrary differences in threshold values may have significant 
clinical implications, as they ultimately determine whether an 
embryo is considered suitable for clinical use or how it is priori-
tized. It remains unknown whether disparities in diagnosing and 
reporting mosaicism affect PGT-A results, including the availabil-
ity of euploid embryos for transfer. To compare associations be-
tween providers and PGT-A outcomes, we reviewed 37 205 TE 
biopsy results obtained from eight leading genetic testing labora-
tories. We further assessed mosaic embryo transfer rates across 
15 clinics, including clinical outcomes following the transfer of 
245 mosaic blastocysts. Ultimately, our findings shed light on the 
current clinical utility of PGT-A as a means of improved em-
bryo selection.

Materials and methods
Study design
This is a retrospective, international, multicenter consecutive co-
hort study of 37 205 PGT-A results, obtained from 10 051 patients 
across 11 879 cycles conducted between October 2015 and 
October 2021. Of the 37 205 PGT-A results, 810 TE biopsies (2.2%) 
were non-informative and were thus excluded from further anal-
yses. Ultimately, we included 11 867 PGT-A cycles, encompassing 
36 395 TE biopsy results with known chromosomal status (Fig. 1). 
A total of 17 IVF clinics, across eight PGT-A providers, five coun-
tries and three continents (Europe, North America, and South 
America) participated in the study (Supplementary Table S1). 
Providers were randomly categorized from A to H.

The study was approved by the Ethics Committee for Clinical 
Research of the participating clinics, as per local laws and 
regulations.

Study population
All patients underwent IVF, using either conventional insemina-
tion or ICSI, with PGT-A performed using a TE biopsy and NGS. 
Both autologous oocyte and oocyte donation cycles were 
assessed. Preimplantation genetic testing for structural rear-
rangements (PGT-SR) cycles, which evaluate the presence of spe-
cific segmental rearrangements in embryos for which patients 
have a predetermined risk, were excluded from the analysis. The 
variables assessed included patient demographics, oocyte source 
(autologous versus donor oocytes), number of embryos biopsied 
per cycle, day of biopsy, and PGT-A results per chromosome. All 
providers biopsied only good quality blastocysts applying similar 
morphological criteria for biopsy (Gardner score 3CC and above; 
Gardner and Schoolcraft, 1999). Patient data were de-identified 
and the results were compiled for analysis.

Embryo classifications
All PGT-A providers performed shallow whole-genome sequenc-
ing following their own laboratory protocols, proprietary diagnos-
tic algorithms, and criteria for classifying embryos.

The majority of the providers, B, C, F, G, and H used auto-
mated mosaicism calling, with copy number thresholds set be-
tween 30% and 70%. Providers D and E used intermediate copy 
number values ranging between 20% and 80% abnormal cells, 
however, results were reviewed and called by a certified clinical 
laboratory supervisor. Providers B, C, D, E, F, G, and H all reported 

mosaicism; however, Provider D classified all mosaic embryos as 
unsuitable for transfer. Providers B, C, F, G, and H recommended 
mosaic embryos for transfer in the absence of a euploid embryo, 
however, they applied different criteria depending on the chro-
mosome affected, in accordance with current recommendations 
(Grati et al., 2018; Cram et al., 2019; Leigh et al., 2022). Provider A 
did not report mosaicism nor did they adhere to stringent thresh-
olds for intermediate copy number values. Here, each intermedi-
ate copy number call was reviewed and evaluated in the context 
of the remaining genome, combining both NGS- and SNP- 
based assays.

In our study, results were considered as euploid if no aberra-
tions were identified; aneuploid, if they were diagnosed with a 
single uniform abnormality (single aneuploid), two uniform ab-
normalities (double aneuploid), or three or more uniform abnor-
malities (complex aneuploid) (Fragouli et al., 2013), or aneuploid 
and mosaic (uniform abnormalities in addition to mosaic aberra-
tions). Diagnoses consistent with mosaicism were those contain-
ing only mosaic abnormalities, including TE biopsies with one 
(single mosaic), two (double mosaic), or three or more mosaic 
aberrations (complex mosaic). We considered mosaic diagnoses 
as low level, if they predicted <50% abnormal cells.

Clinical outcomes
We evaluated mosaic embryo transfer rates (% of all mosaic em-
bryos transferred) across 15 clinics (A1, C1, C2, D1, E1, F1–F4, G1, 
H1–H5), including clinical outcomes following the transfer of 245 
mosaic blastocysts. We further compared clinical outcomes fol-
lowing the transfer of mosaic embryos to those of euploid em-
bryo transfers, performed across 10 clinics (C1, E1, F1-F4, G1, H1, 
H4, H5). Our analysis included the assessment of clinical preg-
nancy rates (the presence of a fetal sac detected by ultrasound at 
6–10 weeks per embryos transferred), clinical miscarriage rates 
(the spontaneous loss of an intra-uterine pregnancy prior to 
22 weeks of gestational age per embryos transferred), ongoing 
pregnancy rates (clinical pregnancy rate minus clinical miscar-
riage rate), and live birth rates (live births per embryos trans-
ferred), according to the International Committee for Monitoring 
Assisted Reproductive Technologies International Glossary on 
Infertility and Fertility Care (Zegers-Hochschild et al., 2017). A 
positive pregnancy test was defined as the presence of positive 
serum hCG.

Statistical analysis
Considering the hierarchical structure of the data, analyses were 
performed on three levels: Level 1, patients; Level 2, cycles; and 
Level 3, embryos. Multilevel mixed regression (linear with robust 
estimation of variances and logistic) was performed with random 
intercepts for each level. For logistic models, the coefficients 
were expressed as odds ratios. The proportion of variance at the 
provider level was expressed as the percentage relative to the to-
tal variance.

The analysis per individual chromosomes was based on 
results that included a single whole chromosome aneuploidy or 
single mosaic whole chromosome aberration. A one-sample bino-
mial test was used to evaluate the observed probability for an ab-
erration in each of the 22 autosomal chromosomes against the 
expected probability (1/22).

Both maternal and paternal age were analyzed as continuous 
and categorical variables, with the first category (youngest) se-
lected as the reference. Maternal age was categorized in groups 
according to the Society for Assisted Reproductive Technology 
(SART). Paternal age data were missing for 2295 cycles. When 

Mosaicism diagnoses across PGT laboratories | 3  
D

ow
nloaded from

 https://academ
ic.oup.com

/hum
rep/advance-article/doi/10.1093/hum

rep/dead213/7328881 by U
N

IVER
SITAT O

BER
TA D

E C
ATALU

N
YA user on 24 O

ctober 2023

https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/dead213#supplementary-data


paternal age was a covariate, separate analyses were performed 
with the exclusion of these cycles and with missing data imputa-
tion. Multiple imputation (five datasets) was performed by linear 
regression, separately for oocyte donation cycles (year and coun-
try as predictors) and for autologous oocyte cycles (maternal age, 
year, and country as predictors).

We calculated adjusted estimates (rates) per provider by using 
the marginal predictions of the model. These were adjusted for 
maternal and paternal age, oocyte source, number of embryos 
biopsied, and day of biopsy. To test whether the provider or clinic 
significantly adds to the model explaining the occurrence of the 
event (euploidy, aneuploidy, and mosaicism), we ran constrained 
models (with all other predictors as covariables) and full models 
where the provider or clinic was additionally entered. A likeli-
hood ratio test (chi-square) was then performed to compare both 
models. The overall significance of categorical variables in the re-
gression models was also tested using a likelihood ratio test (chi- 
square). Further comparisons between groups with categorical 
outcome variables were performed using a two-tailed Fisher’s ex-
act test. P-values <0.05 were considered significant.

To test whether miscarriage and live birth rates following mo-
saic embryo transfers were not inferior to those following euploid 
embryo transfers, we calculated the mean difference in propor-
tions and its 95% confidence intervals (CI). As per previous 
reports (Capalbo et al., 2021), we set the relevant differences in 
proportions (delta values) at 7.5% and 2.5% for live birth and mis-
carriage, respectively. When the 95% CI of the difference of pro-
portion crossed 0 but did not cross the delta value, non- 
inferiority was assumed.

Results
Baseline characteristics
The demographics of the patient population and baseline embryo 

characteristics were stratified by PGT-A provider and clinic, as il-

lustrated in Table 1 and Supplementary Tables S1 and S2. Mean 

maternal age (±SD) ranged from 33.7 (±6.5) to 38.0 (±5.1) years 

across providers, while mean paternal age (±SD) ranged from 

39.0 (±7.3) to 41.8 (±6.3) years. Our study included a total of 4237 

(11.6%) PGT-A results obtained from oocyte donor cycles. All 

donors were <35 years of age. The frequency of blastocysts from 

oocyte donors varied across providers, ranging from 0% to 34.5%. 

The number of embryos biopsied per cycle differed across pro-

viders, from 4.4 (±2.2) to 6.8 (±3.3). A considerable proportion of 

blastocysts (59.2%) were biopsied 5 days post-fertilization (Day 

5), 38.6% were biopsied at 6 days post-fertilization (Day 6), and 

2.2% were biopsied at 7 days post-fertilization (Day 7). These 

characteristics were largely consistent amongst providers, with 

the exception of Provider E. Moreover, Clinic D1 (Provider D) and 

Clinic G1 (Provider G) did not routinely perform biopsies on Day 7 

(Supplementary Table S2).

Predictors of diagnoses in PGT-A
Of the eight genetic testing providers, seven (Providers B–H) 

reported mosaicism as a third category of possible PGT-A out-

comes, while Provider A exclusively reported results as either eu-

ploid or aneuploid. Overall, 44.9% (n¼16 350) of blastocysts were 

diagnosed as euploid and 5.7% (n¼ 2079) were diagnosed as mo-

saic. The remaining preimplantation embryos (n¼ 17 966) 

Figure 1. Total number of preimplantation genetic testing for aneuploidy (PGT-A) results included in the study.
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presented with at least one uniform aneuploidy and were classi-
fied as aneuploid (49.4%) (Table 1).

Notably, euploidy, aneuploidy, and mosaicism rates varied 
across providers (Table 1; Supplementary Table S2). Differences 
in ploidy rates were also apparent when results were stratified 
according to SART age groups (Supplementary Table S3). We fur-
ther evaluated associations between cycle characteristics and di-
agnoses of euploidy, aneuploidy, and mosaicism (Table 2). As 
previously established (Franasiak et al., 2014; Demko et al., 2016; 
Irani et al., 2019), euploidy rates decreased significantly with ad-
vancing maternal age (unadjusted OR: 0.35, 95% CI: 0.32–0.39, 
P< 0.0001) (Table 2). Conversely, diagnoses of mosaicism were 
not associated with maternal age (unadjusted OR: 0.99, 95% CI: 
0.98–1.00, P¼ 0.064) (Table 2). Interestingly, however, when con-
sidering maternal age as a categorical variable, in our adjusted 
analysis, Providers G and H presented with higher odds of diag-
nosing mosaicism for women over the age of 40 years 
(Supplementary Table S4). We observed lower euploidy rates for 
blastocysts biopsied on Day 6 (43.9%) and Day 7 (36.3%), com-
pared to those biopsied on Day 5 (47.9%) (Table 2). Similarly, mo-
saicism rates were slightly higher in Day 6 TE biopsies (6.9%), 
compared to those obtained on Day 5 (5.0%) (Table 2). Our regres-
sion analysis, also demonstrated a positive correlation between 
the day of biopsy and diagnoses of aneuploidy and mosaicism, 
confirming previous single-reference laboratory reports (Ai et al., 
2022; Walters-Sen et al., 2022) (Table 2). We further confirmed 
that the number of embryos biopsied per cycle (Ata et al., 2012) 
was independent from PGT-A results (Table 2). Similarly, when 
adjusting for maternal age and donor status, we found no associ-
ation between paternal age and diagnoses of euploidy, aneu-
ploidy or mosaicism, as has been previously suggested (Dviri 
et al., 2021) (Table 2).

TE biopsies obtained from the four clinics associated with 
Provider F were all analyzed by the same genetic testing labora-
tory (Supplementary Tables S1 and S2). After adjusting for con-
founders, we observed no correlation between clinics referring to 
Provider F and euploidy, mosaicism, nor aneuploidy rates 
(P¼0.108, P¼ 0.109, P¼ 0.109, respectively) (Supplementary 
Table S5). We further compared PGT-A results across the six clin-
ics referring to Provider H. Here, we observed a significant differ-
ence in adjusted euploidy rates between clinics, with rates 
varying between 38.3% (95% CI: 37.0–39.7%) and 55.5% (95% CI: 
53.2–57.9%) (Supplementary Table S5). Mosaicism rates also var-
ied amongst clinics referring to Provider H, ranging from 7.3% 
(95% CI: 5.7–8.9%) to 13.7% (95% CI: 9.3–18.1%) (Supplementary 
Table S5).

Our adjusted analysis demonstrated significant differences 
between PGT-A results amongst providers (Fig. 2). This is espe-
cially relevant when considering diagnoses of euploidy (Fig. 2A) 
and mosaicism (Fig. 2B), where the greatest differences were ob-
served. Amongst the seven providers that reported mosaicism, 
rates varied from 3.1% to 25.0% (Table 1). Our adjusted analysis 
further confirmed these differences (P<0.001) with the likelihood 
of diagnosing mosaicism amongst providers ranging from 6.5% 
(95% CI: 5.2–7.4%) for Provider B to 35.6% (95% CI: 32.6–38.7%) for 
Provider E (Fig. 2B, Supplementary Table S5). Adjusted euploidy 
rates also varied amongst providers (P<0.001), ranging from 
33.7% (95% CI: 28.9–38.5%) to 55.7% (95% CI: 54.1–57.4%) (Fig. 2A; 
Supplementary Table S6). Notably, euploidy rates were higher for 
providers that reported the lowest rates of mosaicism, Provider B 
(adjusted euploidy rate 55.7%, adjusted mosaicism rate 6.5%), 
Provider H (adjusted euploidy rate 44.5%, adjusted mosaicism 
rate 9.9%), and Provider D (adjusted euploidy rate 43.8%, adjusted 

mosaicism rate 11.0%), as well as for Provider A that did not re-
port mosaicism (adjusted euploidy rate 50.0%) (Fig. 2A and D; 
Supplementary Table S6).

Reporting mosaicism comes at the expense of 
euploid diagnoses
Among all cycles within our study, 65.3% (n¼ 4114/11 875) had at 
least one euploid embryo available for transfer. This chance re-
lated inversely with maternal age and directly with the number 
of embryos biopsied per cycle (Supplementary Table S7). In ac-
cordance with euploidy rates, the likelihood of having at least 
one euploid embryo available for transfer varied significantly 
amongst providers (P<0.001) (Fig. 2C). This chance was highest 
for providers that reported the lowest rates of mosaicism, 
Provider B (86.5%), Provider D (82.1%), and Provider H (79.5%), as 
well as for Provider A that did not report mosaicism (83.3%) 
(Fig. 2C and E). When comparing Provider A to all other providers, 
the chance of having at least one euploid blastocyst available for 
transfer increased significantly when mosaicism was not diag-
nosed (OR¼ 1.30, 95% CI: 1.13–1.50, P< 0.0001). If we consider 
this finding in practical terms, among patients with only one em-
bryo biopsied on Day 5, reporting mosaicism reduced the proba-
bility of having a euploid embryo available for transfer by �6% 
across all age groups (Supplementary Fig. S1).

Types of aneuploid and mosaic aberrations 
diagnosed across PGT-A providers
Among the 17 966 aneuploid embryos, 51.2% (n¼ 9204) presented 
with a single aneuploidy, 14.1% (n¼ 2533) were complex aneu-
ploid (three or more abnormalities), while 1.9% (n¼ 337) carried 
only sex chromosome abnormalities (without autosomal aneu-
ploidies) (Table 1; Supplementary Table S2). Turner syndrome 
(monosomy X) was the most prevalent sex chromosome abnor-
mality (47.8%, n¼ 161/337), with a total prevalence of 0.9% 
(n¼161/17 966) (Supplementary Table S8). Single whole chromo-
some aneuploidies were not evenly distributed over the 23 sets of 
chromosomes. Our analysis confirmed previous reports (Capalbo 
et al., 2017), revealing that aneuploidies affecting autosomal 
chromosomes 15, 16, 21, and 22 were significantly more common 
(Fig. 3A). These results were largely consistent amongst providers 
(Supplementary Fig. S2). Unlike uniform aneuploidies, segmental 
aneuploidy rates were independent of maternal age (OR¼ 0.84, 
95% CI: 0.64–1.13, P¼ 0.457). Segmental aberrations were ob-
served across all chromosomes and their frequency per chromo-
some was correlated with chromosome length (Fig. 3B). Deletions 
were more prevalent than duplications, with the exception 
of chromosome 9. These results were largely consistent 
amongst providers.

When considering diagnoses of mosaicism, single whole chro-
mosome mosaic calls were most prevalent (66.0%, n¼ 1373). 
Furthermore, 17.2% of blastocysts (n¼ 357) were diagnosed with 
two mosaic aberrations, 14.4% (n¼ 300) were classified as com-
plex mosaic, and 2.4% (n¼ 49) of blastocysts were found to carry 
only mosaic abnormalities affecting the sex chromosomes 
(Table 1; Supplementary Tables S2 and S8). Across all providers, 
mosaic diagnoses were mostly classified as low level (Table 1). 
Nevertheless, the frequencies varied across providers depending 
on the type of single mosaic aberration (Fig. 4). We revealed a rel-
atively similar frequency of mosaic calls across all chromosomes, 
with the exception of mosaic trisomies associated with chromo-
some 19, which were significantly more prevalent (Fig. 3C). 
Diagnoses of mosaic trisomy 19 were predominately classified as 
low level and were consistent across several providers (Fig. 3C; 
Supplementary Fig. S3). With the exception of Provider H, six out 
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of the seven providers diagnosed segmental mosaic aberrations 
(Fig. 3E). In contrast to uniform segmental aberrations, diagnoses 
of mosaic duplications were more prevalent than mosaic dele-
tions. These were largely diagnosed as high level and predomi-
nately affected large chromosomes (Fig. 3D). The proportion of 
embryos diagnosed with single uniform aneuploidies (trisomies, 
monosomies, and segmental aberrations) remained consistent 
amongst providers. However, rates of single mosaic aberrations 
were highly variable (Fig. 3F). Accordingly, we observed a signifi-
cantly higher variance amongst providers when comparing the 
frequency of calling single mosaic abnormalities per individual 
autosomal chromosome, compared to the incidence of diagnos-
ing single uniform aneuploidies (Fig. 3F).

When considering all PGT-A results, aneuploidy and mosai-
cism classifications based on abnormality type varied substan-
tially amongst providers (Fig. 5). Compared to the other 
providers, Provider E had the lowest rates of single, double, and 
complex aneuploidies and highest rates of single, double, and 
complex mosaic diagnoses.

Transfer outcomes
We further analyzed clinical outcomes following the transfer of 
mosaic embryos across 15 clinics (Providers C–H) (Table 3; 

Supplementary Table S9). Mosaic embryo transfer rates varied 
amongst clinics, ranging from 0% to 45.5%, with the majority of 
transfers (83.0%) performed at Clinics F1–F4 (Provider F, 
Supplementary Table S9). Nevertheless, only 12.7% (245/1932) of 
all mosaic embryos were ultimately transferred, despite 20.7% 
(1456/7040) of all patients within this cohort having only a mo-
saic diagnosis (Table 3; Supplementary Table S9). Moreover, for 
4.1% of all patients, mosaic blastocysts were the only available 
embryos following PGT-A (Table 3, Supplementary Table S9). 
Markedly, the proportion of patients with only mosaic embryos 
available varied substantially amongst providers, ranging from 
1.1% up to 11.6% (Table 3).

In accordance with previous studies (Popovic et al., 2020; 
Capalbo et al., 2021; Viotti et al., 2021), the transfer of mosaic em-
bryos resulted in a clinical pregnancy rate of 41.1% and an overall 
ongoing pregnancy/live birth rate of 35.2% (Table 3; 
Supplementary Table S9). Clinical miscarriage rates with mosaic 
embryos were lower compared to previous reports (4.9%) 
(Capalbo et al., 2021; Viotti et al., 2021). We observed no significant 
differences in clinical outcomes between blastocysts diagnosed 
with a mosaic monosomy and those with a mosaic trisomy 
(Supplementary Fig. S4). Furthermore, outcomes were comparable 
for embryos diagnosed with mosaicism affecting one (single), two 

Figure 2. Association between genetic testing provider and preimplantation genetic testing for aneuploidies (PGT-A) results. (A) Mean euploidy rates 
(adjusted estimates) and 95% confidence intervals (CI) across PGT-A providers. (B) Mean mosaicism rates (adjusted estimates) and 95% confidence 
intervals (CI) across PGT-A providers. (C) Mean cycles with at least one euploid embryo (adjusted estimates) and 95% confidence intervals across PGT-A 
providers. (D) Correlation between euploidy and mosaicism rates across providers. The analysis was adjusted for maternal age, paternal age, oocyte 
source, number of embryos biopsied per cycle, and day of biopsy. (E) Correlation between adjusted mean cycles with at least on euploid embryo and 
adjusted mosaicism rates across PGT-A providers. The analysis was adjusted for maternal age, paternal age, oocyte source, number of embryos 
biopsied per cycle, and day of biopsy.
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(double), or more chromosomes (complex mosaics) 
(Supplementary Fig. S4 and Table S10). Nevertheless, differentiat-
ing complex mosaic diagnoses from non-informative results 

remains a challenge, as whole genome amplification artifacts may 
be indistinguishable from mosaic results. Our series largely com-
prised of low level mosaic transfers (98.8%). Across all clinics, only 

Figure 3. Diagnoses of aneuploidy and mosaicism. (A) Frequency of single aneuploidies across individual chromosomes. (B) Frequency of single 
segmental aberrations across individual chromosomes. (C) Frequency of single mosaic aberrations across individual chromosomes. (D) Frequency of 
single mosaic segmental aberrations across individual chromosomes. (E) Proportion of uniform and mosaic trisomies, monosomies and segmental 
aberrations per provider. (F) Variance across providers per individual autosomal chromosome when diagnosing a single uniform aneuploidy and single 
mosaic aberration.
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three high level mosaic embryos were transferred, all resulting in 
a negative pregnancy test (Supplementary Table S10).

Finally, we compared clinical outcomes following the transfer 
of mosaic (n¼245) and euploid (n¼ 5721) blastocysts, performed 
across 10 clinics (Table 4). We observed no significant differences 
in overall clinical pregnancy (P¼0.83), miscarriage (P¼ 0.89), or 
live birth (P¼0.98) rates between uniformly euploid embryos and 
mosaic embryos (Table 4). The overall live birth rate per euploid 
embryo transferred was 34.6% compared to 35.1% for mosaic em-
bryos, with a mean risk difference of 0.07 (95% CI¼−6.02 to 6.15,  
Table 4). The confidence intervals were within the predetermined 
non-inferiority margin of 7.5%, suggesting comparable clinical 
outcomes for euploid and putatively mosaic embryos. 
Additionally, we found no evidence that the transfer of a mosaic 
embryo increased the risk of a clinical miscarriage compared to a 

euploid embryo transfer (risk difference¼−0.19%; 95% CI¼−2.95 
to 2.57; Table 4 and Fig. 6). Due to the limited number of transfers 
for some clinics, we were not able to compare outcomes across 
individual genetic testing providers. However, as the majority of 
mosaic embryo transfers were performed at Clinics F1–F4 
(Provider F), we performed a further sub-analysis comparing mo-
saic (n¼ 201) and euploid (n¼ 1209) embryo transfer outcomes 
exclusively across these centers (Supplementary Table S11). 
Notably, these clinics shared a common mosaic embryo transfer 
policy, and a standardized framework of laboratory techniques, 
culture conditions, and treatment protocols. This provided a 
more controlled analysis in which inherent variations amongst 
different IVF clinics were minimized. Comparable to the overall 
cohort, we observed similar reproductive outcomes for euploid 
and mosaic embryos (Fig. 6; Supplementary Table S11).

On routine neonatal examination, the newborns within our 
cohort were healthy, however, postnatal genotyping of newborns 
to evaluate the potential persistence of the abnormal cell line 
after mosaic embryo transfer was not performed. Similarly, we 
could not perform follow-up analysis of products of conceptions 
after spontaneous miscarriages and elective prenatal diagno-
sis procedures.

Discussion
Our results reveal a strong association between the genetic testing 
provider and PGT-A results. We show that classifying embryos as 
mosaic, according to current clinical practice, may come at the ex-
pense of euploid diagnoses. Technical challenges coupled to incon-
sistencies in interpreting and reporting intermediate copy number 
values cast doubt on the clinical utility of current PGT-A practices 
for accurate embryo selection. Significant differences in mosaicism 
rates across providers point to technical bias as opposed to true bio-
logical variability, raising concerns regarding the accuracy of mosa-
icism predictions. Despite their apparently normal developmental 
potential, close to 90% of mosaic blastocysts are not used for IVF 
treatment. Therefore, we confirm that viable embryos are being in-
advertently discarded under the premise of mosaicism (Pagliardini 
et al., 2020). Our findings highlight the strong need for standardiza-
tion and quality assurance in the industry and corroborate reserva-
tions regarding the clinical value of reporting low-level mosaicism 
(Paulson and Treff, 2020; Treff and Marin, 2021).

We primarily found that the PGT-A provider has a significant 
effect on the number of embryos classified as euploid. This is 

Figure 4. Level of mosaicism diagnosed per PGT-A provider based on the type of single mosaic aberration.

Figure 5. Aneuploidy and mosaicism classifications based on 
abnormality type per PGT-A provider.
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Table 4. Clinical outcomes following the transfer of euploid and mosaic blastocysts across 10 clinics associated with five 
preimplantation genetic testing providers.

Provider Clinic Embryo transfers
Positive pregnancy  

test, n (%)1
Clinical  

pregnancy, n (%)1
Clinical  

miscarriage, n (%)1
Live  

birth, n (%)1

Provider C Clinic C1 Euploid 89 55 (61.8) 46 (51.7) 5 (5.6) 41 (46.1)
Mosaic 2 2 (100.0) 2 (100.0) 0 (0.0) 2 (100.0)

Provider E Clinic E1 Euploid 407 232 (57.0) 188 (46.2) 11 (2.7) 177 (43.5)
Mosaic 25 13 (52.0) 8 (32.0) 0 (0.0) 8 (32.0)

Provider F Clinic F1 Euploid 255 112 (43.9) 88 (34.5) 15 (5.9) 73 (28.6)
Mosaic 37 22 (59.5) 17 (45.9) 5 (13.5) 12 (32.4)

Clinic F2 Euploid 17 8 (47.1) 6 (35.3) 0 (0.0) 6 (35.3)
Mosaic 5 1 (20.0) 0 (0.0) 0 (0.0) 0 (0.0)

Clinic F3 Euploid 38 16 (42.1) 13 (34.2) 1 (2.6) 12 (31.6)
Mosaic 5 3 (60.0) 3 (60.0) 0 (0.0) 3 (60.0)

Clinic F4 Euploid 899 464 (51.6) 386 (42.9) 66 (7.3) 320 (35.6)
Mosaic 154 78 (50.6) 63 (40.9) 6 (3.9) 56 (36.4)

Provider G Clinic G1 Euploid 185 119 (64.3) 103 (55.7) 15 (8.1) 88 (47.6)
Mosaic 4 1 (25.0) 1 (25.0) 0 (0.0) 1 (25.0)

Provider H Clinic H1 Euploid 254 90 (35.4) 80 (31.5) 18 (7.1) 62 (24.4)
Mosaic 1 1 (100.0) 1 (100.0) 1 (100.0) 0 (0.0)

Clinic H4 Euploid 809 374 (46.2) 320 (39.6) 39 (4.8) 281 (34.7)
Mosaic 2 1 (50.0) 1 (50.0) 0 (0.0) 1 (50.0)

Clinic H5 Euploid 2768 1177 (42.5) 1042 (37.6) 121 (4.4) 921 (33.3)
Mosaic 10 3 (30.0) 3 (30.0) 0 (0.0) 3 (30.0)

All Total Euploid 5721 2647 (46.3) 2272 (39.7) 291 (5.1) 1981 (34.6)�

Mosaic 245 125 (51.0) 99 (40.4) 12 (4.9) 86 (35.1)†

Risk difference,  
% (95% CI)

4.75 (−1.64 to 11.14) 0.69 (−5.58 to 6.97) −0.19 (−2.95 to 2.57) 0.07 (−6.02 to 6.15)

P-value 0.145 0.8282 0.8935 0.9828

1 Percent per embryo transferred.
�

Includes 206 ongoing pregnancies.
† Includes 19 ongoing pregnancies.

Figure 6. Assessment of non-inferiority. Live birth rates (A) and miscarriage rates (B) following the transfer of mosaic embryos compared to the 
transfer of euploid embryos, across all clinics and for Clinics F.
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particularly limiting for patients with few or no euploid embryos, 
such as women of advanced maternal age (Franasiak et al., 2014). 
Our analysis demonstrates that for patients with one embryo 
available for biopsy, reporting mosaicism coupled with the clini-
cal decision to not transfer these embryos, reduces the number 
of transfers by �6% across all age groups. If we consider that the 
rate of ongoing pregnancy per euploid embryo transfer is �50% 
across all maternal ages (Harton et al., 2013; Munn�e et al., 2019), 
this would translate to a 3% reduction in live births per cycle. 
This probability is calculated based on an overall mosaicism rate 
of 5.7% across all providers reporting mosaicism in our study. 
Nevertheless, mosaicism rates varied significantly amongst ge-
netic testing laboratories. Accordingly, higher rates of mosaicism 
will ultimately lead to a further loss of reproductive potential, 
with an estimated reduction in live births of up to 12.5% per cy-
cle. These findings highlight the obligation to reconsider indica-
tions for PGT-A and specifically, the clinical value of reporting 
mosaicism. For patients with a limited number of blastocysts 
available for biopsy, reporting mosaicism remains difficult to jus-
tify, as it may ultimately determine the difference between suc-
cess or failure.

A critical factor, as demonstrated by our study, is that a num-
ber of healthy live births have been achieved following the trans-
fer of mosaic blastocysts (Capalbo et al., 2021; Viotti et al., 2021). A 
recent prospective, non-selection trial showed that the transfer 
of embryos diagnosed with low (20–30%) or moderate (30–50%) 
levels of mosaicism, resulted in comparable clinical outcomes 
and live birth rates compared to the transfer of euploid embryos 
(Capalbo et al., 2021). We found that predictions of <50% mosai-
cism constituted around �70% of all mosaic diagnoses. Previous 
reports have also suggested that low-level mosaic diagnoses are 
more frequent, compared to high-level mosaicism (Fragouli et al., 
2011). Compared to euploid embryo transfers, we found no evi-
dence of inferior live birth rates or differences in miscarriage 
rates, following the transfer of mosaic embryos. This suggests 
that no improvement in embryo selection is conferred by includ-
ing mosaic diagnoses as a third category of possible classifica-
tions, particularly in the case of low level mosaics. Prenatal 
testing data further confirm this notion. To date, true fetal mosa-
icism has only been confirmed in �0.03% of cases in over several 
thousand putatively mosaic embryos transferred to date 
(Kahraman et al., 2020; Schlade-Bartusiak et al., 2022; Greco et al., 
2023). Mosaic pregnancies have also been reported following eu-
ploid embryo transfers (Haddad et al., 2013). Nevertheless, classi-
fying embryos as mosaic has generated a course of action that 
often has a major impact on the patient, including additional ge-
netic counseling and invasive prenatal diagnosis. Yet, to estab-
lish the true risk of fetal mosaicism following the transfer mosaic 
embryos, longitudinal studies comparing the incidence of mosai-
cism in pregnancies from embryos diagnosed as euploid or mo-
saic using the same prenatal testing technologies are required. 
Therefore, based on current evidence intermediate chromosome 
copy number values <50% should be considered as a finding of 
no clinical significance.

The exclusion or low prioritization of low-level mosaic em-
bryos for transfer undoubtedly compromises treatment out-
comes per cycle. Several studies, including a recent trial, have 
demonstrated that PGT-A did not improve the frequency of ongo-
ing pregnancy or live birth rates in patients under the age of 
35 years (Chang et al., 2016; Kang et al., 2016; Kushnir et al., 2016; 
Munn�e et al., 2019). In the trial, mosaic embryos constituted close 
to 17% of all tested embryos, and were excluded from transfer. 
Yet, the authors reported vast differences in mosaicism rates, 

with a trend toward higher euploidy and higher ongoing preg-
nancy rates in the genetic testing laboratories that did not report 
mosaicism (Munn�e et al., 2019). Our results support and extend 
these findings, providing evidence that classifying embryos as 
mosaic reduces the number of euploid embryos that are ulti-
mately transferred. Similarly, a large randomized trial performed 
in women considered to have a good prognosis for success, re-
cently demonstrated that PGT-A results in lower cumulative live 
birth rates compared to IVF without PGT-A (Yan et al., 2021). In 
this trial, embryos diagnosed as mosaic (constituting close to 
12% of all PGT-A results) were considered clinically unsuitable 
and not transferred. Yet, as exemplified by our data, diagnoses of 
mosaicism and subsequent exclusion of mosaic embryos for 
transfer may account for the failure to demonstrate improved 
outcomes with the use of PGT-A. PGT-A may endeavor to maxi-
mize live birth rates per transfer, however, current practices limit 
its clinical utility per IVF cycle by excluding potentially via-
ble embryos.

Diagnosing and reporting mosaicism remains the limiting fac-
tor in the interpretation of PGT-A results. Whole genome amplifi-
cation protocols, NGS platforms, software thresholds, provider 
specific guidelines, and other technical and interpretative factors 
may all play a role (American Society for Reproductive Medicine, 
2020). For instance, we observed high rates of low-level mosaic 
trisomies affecting chromosome 19 across several providers. This 
result points to technical bias, particularly as chromosome 19 
has many unique characteristics, including the highest GC con-
tent of any chromosome (Grimwood et al., 2004), making it diffi-
cult to sequence. Moreover, studies have shown that 
chromosome 19 exhibits very low mis-segregation rates during 
mitosis (Dumont et al., 2020). While technical challenges persist, 
providers must place greater focus on quality assurance. It is cru-
cial to emphasize that the landscape of mosaic embryo classifica-
tion encompasses a wealth of complexities, some of which may 
not even be well defined. Moreover, each PGT-A platform comes 
with its distinct characteristics, including differences in accu-
racy, sensitivity, and specificity. As a result, attempting a direct 
comparison between providers employing different platforms 
may be confounded by inherent disparities in the technologies 
employed (Bardos et al., 2023). Consequently, the comparison of 
mosaic embryo outcomes in our study also becomes complex 
due to the impact of such platform-related variations. We ac-
knowledge that these differences represent an inherent limita-
tion in our study. However, it is precisely these variations that 
underscore the real-world diversity among PGT-A laboratories. 
By acknowledging these challenges, we aim to present a compre-
hensive view of current practices and highlight the complexities 
involved in mosaic embryo classification. To minimize potential 
biases in embryo classification, the performance characteristics 
of each PGT-A platform must be thoroughly evaluated prior to 
clinical implementation. As such, we hope that this study con-
tributes to advancing the field by promoting transparent discus-
sions about the technical challenges and quality assurance 
measures required in the clinical implementation of PGT-A.

Our study further revealed that clinic-specific differences in-
cluding patient factors and subtleties in case management may 
influence embryo aneuploidy (Munn�e et al., 2017a). However, in 
line with previous findings (Coll et al., 2022a), we show that, in 
our cohort, embryology laboratory practices and techniques, 
such as the TE biopsy, sample handling and embryo culture did 
not considerably increase the rate of mosaic diagnoses. 
Nevertheless, as data regarding blastocyst morphology and other 
clinic-specific factors was not available, this finding warrants 
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cautious interpretation. Although poor quality blastocysts were 
not included in the clinical workflow, blastocyst morphology 
may inherently influence calls of putative mosaicism and should 
be considered in further analyses. Similarly, differences in cul-
ture conditions or other center-specific ART treatment practices 
may also affect ploidy rates (Munn�e et al., 2017a). A further limi-
tation of our study is that several providers served only one 
clinic. Due to the varied composition of providers in the study, 
we cannot entirely exclude the correlation between varying clini-
cal practices and diagnoses of mosaicism. Nevertheless, our 
study clearly illustrates that variability can be introduced at dif-
ferent levels when diagnosing and reporting chromosomal mosa-
icism, raising concerns regarding the accuracy and relevance of 
such predictions. Due to the interplay of all of these factors, 
achieving a precise diagnosis may ultimately be unattainable.

At present, careful consideration is recommended in cases in 
which mosaic embryos are considered for transfer (Cram et al., 
2019; Leigh et al., 2022). Yet, clinics adopt different approaches 
and guidelines when considering the transfer of mosaic embryos. 
As a retrospective analysis, we recognize that our study has in-
herent limitations in directly controlling for individual mosaic 
embryo transfer policies across clinics. Nevertheless, our sub- 
analysis of mosaic embryo transfer outcomes across Clinics F1– 
F4 provides a valuable perspective. It allowed us to explore out-
comes within a more controlled context where inherent varia-
tions amongst different providers were minimized. Even within 
this more homogenous setting, mosaic embryos exhibited out-
comes comparable to their euploid counterparts. However, the 
lack of consensus on standardized transfer criteria for mosaic 
embryos highlights the complexities and challenges faced by 
both patients and clinicians in making informed decisions. We 
wish to stress the importance of addressing this diversity to opti-
mize the clinical utilization of mosaic embryos. All current guide-
lines prioritize uniformly euploid embryos for transfer, yet such 
rankings may diverge from morphological evaluations. It is 
unclear whether good quality blastocysts diagnosed as mosaic 
will perform better compared to uniformly euploid embryos of 
poor morphology. While euploid blastocysts may have similar 
potential regardless of morphology (Shear et al., 2020), some stud-
ies suggest that poor quality euploid blastocysts entail higher 
rates of miscarriage (Irani et al., 2017). There is currently little evi-
dence to ascertain which embryos with mosaic results have the 
best chance of resulting in a successful pregnancy, or the lowest 
risk of an undesirable outcome (American Society for 
Reproductive Medicine, 2020). These discrepancies inherently 
complicate clinical management and may ultimately limit the 
utility of PGT-A. Barad and colleagues recently demonstrated 
that embryos diagnosed as unsuitable for transfer by some pro-
viders and clinics may in fact result in live births (Barad et al., 
2022). The lack of standardization in proprietary algorithms used 
to perform PGT-A analysis across providers heightens the chal-
lenges of interpreting PGT-A results by individual clinics. Yet, in 
the study of Barad et al. (2022) almost all embryos diagnosed with 
uniform aneuploidies resulted in implantation failure or miscar-
riage. As shown in our study, variation amongst providers was 
minimized when reporting uniform whole chromosome aberra-
tions. Several studies have confirmed the clinical accuracy of 
PGT-A for diagnosing uniform aneuploidies (Popovic et al., 2019; 
Tiegs et al., 2021; Ata et al., 2022; Capalbo et al., 2022). Thus to 
achieve greater standardization, the main objective of PGT-A 
should be centered on the diagnosis of meiotic aberrations. 
Accordingly, rather than embryo selection, PGT-A should serve 

as a deselection tool, aiming to minimize adverse clini-
cal outcomes.

In our study, high level mosaicism was reported much less fre-
quently compared to low grade diagnoses. Yet, the level of mosai-
cism remains an important consideration. Embryos classified as 
high level mosaics have been associated with significantly lower 
ongoing pregnancy rates compared to low level mosaic embryos 
and euploid blastocysts (Viotti et al., 2021). In our study, maternal 
age was largely independent of mosaicism rates, however, two 
providers (Provider G and Provider H) presented with higher odds 
of diagnosing mosaicism for women over the age of 40 years. 
Notably, these providers also showed a higher frequency of high 
level mosaic diagnoses. This suggests that in such cases, uni-
formly aneuploid embryos, which are indeed associated with ma-
ternal age, may occasionally be misclassified as mosaic (Treff 
and Marin, 2021). Among all providers that reported mosaicism, 
Provider E presented with the highest incidence of single mosaic 
aberrations, mirrored by the lowest incidence of single aneuploi-
dies. These findings similarly indicate that some embryos diag-
nosed with mosaic aberrations may in fact just be aneuploid. The 
transfer of such embryos under the premise of mosaicism would 
ultimately cause patients harm, as the reproductive potential of 
uniformly aneuploid embryos is close to 0% (Scott et al., 2012; 
Munn�e et al., 2020; Tiegs et al., 2021). This would also account for 
the higher miscarriage rates observed following the transfer of a 
cohort of mosaic embryos compared to the transfer of euploid 
embryos (Popovic et al., 2020). Recent studies suggest that only 
�2% of embryos display evidence of aneuploidies of mitotic ori-
gin (Popovic et al., 2023; Rana et al., 2023).

While full elucidation of all possible confounders accounting 
for variability is impossible, we provide substantial evidence re-
garding the impact of provider reporting policies on PGT-A 
results. Ultimately, we still lack the genetic tools to definitively 
assess mosaicism. To achieve high-quality care, greater stan-
dardization of PGT-A classification schemes and proprietary 
algorithms used to interpret intermediate copy number values is 
paramount. In light of these complexities and the ongoing debate 
about the clinical significance of intermediate copy number val-
ues, it is essential to carefully consider the utility of reporting 
mosaicism. Until a consensus is reached on standardized and 
evidence-based guidelines for mosaic embryo classification, the 
potential negative impact of reporting mosaicism on patient out-
comes remains significant. As our study highlights, reporting mo-
saicism may potentially result in the exclusion of clinically viable 
embryos, likely due to the prevailing high risk perception associ-
ated with such diagnoses. This situation raises considerable con-
cerns, as patients are ultimately not being given the best possible 
chances of a successful pregnancy. Considering our research 
findings and the existing body of evidence, the utility of reporting 
embryos with <50% mosaicism requires careful reconsideration. 
Using a dual classification strategy may be a more prudent ap-
proach. Accordingly, embryos with low mosaicism (<50%) would 
be classified as euploid and those with high mosaicism (>50%) 
would be classified as aneuploid. As shown in our study, diagnos-
ing mosaicism using tertiary (euploid, mosaic, and aneuploid) in-
stead of binary (euploid and aneuploid) classification methods 
ultimately modifies the relative number of euploid embryos 
available for transfer. However, it will remain crucial for each 
laboratory to undertake meticulous validation procedures. This 
step is paramount for minimizing potential sources of variability 
and ensuring that classification outcomes are accurate and con-
sistent across different settings.
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We show that the proportion of patients with only mosaic em-

bryos available for transfer varied considerably amongst pro-

viders, ranging from 1.1% to 11.6%. While we cannot establish 

the precise number of these patients who decided not to undergo 

a mosaic embryo transfer, we show that ultimately only 12.7% of 

all mosaic embryos are transferred. Mosaic diagnoses have thus 

inherently complicated outcome interpretation and embryo 

transfer policies. Coll et al. recently showed that many patients 

do not end up using their stored mosaic embryos primarily due 

to a high risk perception associated with such diagnoses (Coll 

et al., 2022b). Interestingly, in their study, neither reproductive 

history nor information on mosaic embryo characteristics re-

ceived through counseling played a significant role in the clinical 

decision about whether to transfer a mosaic embryo. While 

many patients may decide to keep their mosaic embryos stored, 

few end up using these embryos for clinical treatment.
By limiting the availability of embryos for transfer, reporting 

mosaicism may reduce the chance of success of an IVF treatment 

with PGT-A. Therefore in the current landscape of diverse practi-

ces and technologies, the decision to report mosaicism must be 

approached cautiously. Our study shines a light on the complexi-

ties at play and underscores the potential drawbacks of reporting 

low-level mosaicism. As the field navigates these challenges, and 

until further clinical data are available, we advocate for a metic-

ulous consideration of these insights and encourage continued 

efforts toward standardization to enhance embryo utilization 

and patient outcomes. Straightforward PGT-A diagnoses will alle-

viate current risk perceptions surrounding mosaicism and ensure 

that potentially viable embryos are not being discarded or 

left unused.
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