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Abstract
Purpose To investigate whether embryo rebiopsy increases the yield of in vitro fertilization (IVF) cycles.
Methods Retrospective study including 18,028 blastocysts submitted for trophectoderm biopsy and preimplantation genetic 
testing for aneuploidy (PGT-A) between January 2016 and December 2021 in a private IVF center. Out of the 517 embryos 
categorized as inconclusive, 400 survived intact to the warming procedure, re-expanded, and were suitable for rebiopsy. Of 
them, 71 rebiopsied blastocysts were transferred. Factors affecting the probability of obtaining an undiagnosed blastocyst 
and clinical outcomes from blastocysts biopsied once and twice were investigated.
Results The overall diagnostic rate was 97.1%, with 517 blastocysts receiving inconclusive reports. Several blastocyst and 
laboratory features, such as the day of the biopsy, the stage of development, and the biopsy methodology, were related to 
the risk of obtaining an inconclusive diagnosis after PGT-A. A successful diagnosis was obtained in 384 of the rebiopsied 
blastocysts, 238 of which were chromosomally transferable. A total of 71 rebiopsied blastocysts were transferred, resulting in 
32 clinical pregnancies [(clinical pregnancy rate (CPR)=45.1%], 16 miscarriages [(miscarriage rate (MR)=41%], and, until 
September 2020, 12 live births [(live birth rate (LBR)=23.1%]. A significantly lower LBR and higher MR were obtained 
after transferring rebiopsied blastocysts compared to those biopsied once.
Conclusion Although an extra round of biopsy and vitrification may cause a detrimental effect on embryo viability, re-analyz-
ing the test-failure blastocysts contributes to increasing the number of euploid blastocysts available for transfer and the LBR.

Keywords Preimplantation genetic testing for aneuploidy · Trophectoderm biopsy · Inconclusive result · Undiagnosed 
blastocyst · Rebiopsy

Introduction

Embryo biopsy has become a standard procedure in most 
in vitro fertilization (IVF) clinics. However, it is also one 
of the most invasive techniques performed, and therefore 
care must be taken to avoid compromising embryonic viabil-
ity. At the past congress of the European Society of Human 
Reproduction and Embryology, the Preimplantation Genetic 
Testing (PGT) Consortium presented the data collected in 
2020 from 37 reporting centers across Europe, Japan, Israel, 

and Taiwan [1]. A total of 10,393 embryos were biopsied 
and analyzed for PGT. However, not all embryos received a 
genetic diagnosis. Specifically, 736 (7%) had an inconclusive 
chromosomal assessment after embryo biopsy.

Occasionally, this group of embryos that fail the initial 
chromosomal diagnosis may be blindly transferred. How-
ever, since rebiopsy is not considered a regular strategy to 
obtain a valid diagnosis when the first attempt fails, these 
embryos are typically discarded due to their uncertain chro-
mosomal status, thus contributing to embryo wastage.

The retesting strategy is not only time-consuming but 
also implies additional effort and expense for the embryol-
ogy unit. Moreover, it involves an extra round of warming, 
biopsy, and vitrification, which could impair the compe-
tence of the rescued blastocysts. Although evidence sug-
gests that vitrified-warmed and fresh embryo transfers lead 
to equivalent pregnancy rates [2–4], it is unclear whether 
multiple rounds of cryopreservation are detrimental to 
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embryo development, as conflicting findings have been 
published [5–7]. In addition, little information is available 
on the outcomes of twice-biopsied blastocysts since remov-
ing too many trophectoderm (TE) cells could affect embryo 
implantation [8].

Regarding the prevalence of inconclusive diagnoses 
after TE biopsy in PGT cycles, several works have been 
presented at various annual meetings of the American Soci-
ety for Reproductive Medicine, mainly retrospective [9–13]. 
However, to date, there are limited reports investigating the 
clinical outcomes after a second round of biopsy [14–19].

On the one hand, the present study aimed to identify blas-
tocyst features and laboratory procedures related to the prob-
ability of obtaining an inconclusive result after preimplanta-
tion genetic testing for aneuploidy (PGT-A). On the other 
hand, we aimed to evaluate the impact of a second round 
of biopsy, vitrification, and warming in terms of survival, 
efficiency, and clinical outcomes in euploid embryos with 
an inconclusive result after the first TE biopsy.

Material and methods

Study population, participants, and design

This retrospective study was conducted in a single IVF labo-
ratory and included all blastocysts that underwent TE biopsy 
for PGT-A from January 2016 to December 2021.

Indications for PGT-A included advanced maternal age, 
recurrent miscarriage, severe male factor, recurrent implan-
tation failure, and aneuploidy screening. Blastocysts biop-
sied on day 7 were excluded from the analysis due to their 
low number. Patients eligible for preimplantation genetic 
testing for chromosomal structural rearrangements (PGT-
SR) or preimplantation genetic testing for monogenic disor-
ders (PGT-M) were also excluded from the study.

During the study timeframe, a total of 5171 PGT-A cycles 
were performed by 4295 patients. This led to a total of 
18,028 biopsied blastocysts, 517 of which had inconclusive 
results. The mean age of patients providing oocytes was 37.4 
± 3.7 (range 18–45 years old).

IVF‑related procedures

Ovarian stimulation, oocyte retrieval, intracytoplasmic 
sperm injection (ICSI), and embryo culture were performed 
as described previously by Bori [20].

Blastocyst grading

Before embryo biopsy, blastocysts were scored according 
to guidelines from the Spanish Association for the Study of 
Biology of Reproduction (ASEBIR), which are based on the 

evaluation of the degree of expansion and the appearance 
of TE and inner cell mass (ICM) cells [21]. Regarding the 
degree of expansion, all biopsied blastocysts were hatching 
blastocysts (iHB) or hatched blastocysts (HB). Extrapolating 
to Gardner’s criteria, the degree of expansion of iHB and HB 
is 5 and 6, respectively [22].

The ICM of blastocysts was classified as “good” (if well 
defined, compacted, and consisting of many cells, which 
refers to grades A and B of Gardner and ASEBIR classifi-
cation criteria); or “poor” (if consisting of a lower number of 
cells, which corresponds to grade C in Gardner and ASEBIR 
scoring systems). Following the same criteria, the TE was 
defined as “good” when it was uniform, well defined, and 
consisting of many cohesive cells (grades A and B of Gard-
ner and ASEBIR classification criteria); or “poor” when it 
was formed by few cells and had an irregular appearance 
(grade C in Gardner and ASEBIR scoring systems).

Blastocyst biopsy, tubing, and chromosomal assessment

On the morning of day 3 of embryo development, a laser-
assisted hole was made in the zona pellucida to create a 
small opening and facilitate hatching [23]. The day of blasto-
cyst biopsy depended exclusively on blastocyst development 
and quality. In all cases, only iHB or HB with a defined ICM 
and a cohesive TE epithelium were considered eligible for 
biopsy. Blastocysts not reaching the guide mark on day 5 
(D5) [116 ± 2-h post-insemination (hpi)] were given one 
more day in culture and biopsied on day 6 (D6) (140 ± 2 
hpi) if meeting the established criteria.

The TE biopsy was performed by the pulling or the flick-
ing method. The policy for choosing the biopsy method-
ology depended on blastocyst appearance at the operator’s 
discretion. HB were always biopsied by flicking. Approxi-
mately 5 to 8 TE cells with visible nuclei opposite the ICM 
were collected from the blastocyst with a biopsy pipette.

Briefly and as previously described [24, 25], when per-
forming the pulling method, blastocysts were held firmly 
with the holding pipette, and the biopsy pipette was used 
to pull TE cells away while intercellular laser pulses were 
applied. Alternatively, with the flicking method, TE cells 
were given laser pulses and were subsequently excised with 
a quick movement of the biopsy pipette against the hold-
ing pipette. Laser pulses were performed with OCTAX 
 NavilaseTM (Olympus, Tokyo, Japan) using the TE biopsy 
mode (intensity 1.8 ms, ø13 μm).

Aspirated TE cells were collected into DNase-free pol-
ymerase chain reaction tubes using UV-sterilized mate-
rial and sterile gloves. The presence of the biopsied cells 
inside the tube was confirmed using a stereomicroscope. 
All samples were labeled, immediately stored at −20 °C, 
and shipped to the same genetics laboratory [26] to ensure 
consistency and uniformity in the analysis. Blastocysts 
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were moved back to a tri-gas incubator in hypoxic condi-
tions and subsequently cryopreserved using Kitazato® vit-
rification protocol following standard procedures [27, 28].

TE biopsies were analyzed by next-generation sequenc-
ing (NGS) technology. Library preparation and sequenc-
ing were performed as previously described [29]. Plots 
were inspected by a certified geneticist. Possible calls from 
the PGT-A assay were either conclusive or inconclusive 
diagnoses. Embryos with conclusive diagnoses were either 
transferable (including euploid and transferable mosaic 
embryos) or non-transferable (including aneuploid and 
non-transferable mosaic embryos). Embryos with incon-
clusive chromosomal assessments were those lacking 
an auto-call. These “no calls” were either due to a lack 
of amplification (indicating the presence of insufficient 
genetic material in the TE biopsy) or due to the data being 
widely scattered and not meeting quality control standards.

Rebiopsy of blastocysts with inconclusive results

Embryos with inconclusive results were routinely rebiop-
sied at no additional cost to the patients. After warming 
according to our standard Kitazato® protocol, blastocysts 
were incubated for 2–6 h in a culture medium under 6% 
 CO2, 5%  O2, and 89%  N2. Only the surviving blastocysts 
that were fully re-expanded and had sufficient quality, with 
no signs of degeneration, were suitable to undergo a sec-
ond biopsy.

Rebiopsy and revitrification were performed following 
the same laboratory procedures described above. The rebi-
opsied specimens were submitted for PGT-A reanalysis 
utilizing the same platform and quality control metrics 
for interpreting the results. Embryos that were rebiopsied 
were further classified as transferable or non-transferable. 
A percentage of embryos remained undiagnosed.

Warming and transfer of biopsied and rebiopsied 
blastocysts

The embryo warming and transfer protocols were those 
previously described [27, 30]. Briefly, embryo warm-
ing was performed on the morning of the day of the cry-
otransfer. After warming, blastocyst survival was evalu-
ated based on embryo morphology and the degree of 
re-expansion, and blastocysts were cultured for 2–4 h until 
embryo transfer. Endometrial preparation was conducted 
under hormonal replacement therapy, and embryo trans-
fer was performed under ultrasound guidance with luteal 
phase support. Only single embryo transfers (SET) were 
performed, and blastocysts diagnosed in the first round of 
biopsy were prioritized.

Retrospective analysis

Factors contributing to the risk of inconclusive results 
after PGT‑A

The main parameters that could affect the chance of obtain-
ing an inconclusive result after PGT-A were investigated. 
For this purpose, the rate of inconclusive results was com-
pared based on: (I) day of blastocyst biopsy (D5 vs. D6), (II) 
developmental stage (iHB vs. HB), (III) ICM grade (good 
vs. poor), (IV) TE grade (good vs. poor), and (V) biopsy 
methodology (flicking vs. pulling). The influence of these 
variables and maternal age was assessed through logistic 
regression analysis.

In addition, the rate of inconclusive results among the 
embryologists performing the biopsies was compared and 
evaluated along with the biopsy methodology. The analysis 
included a total of 13 biopsy operators, excluding those who 
had performed fewer than 20 cases.

Comparison of clinical outcomes between biopsied 
and rebiopsied blastocysts

In embryos with inconclusive diagnoses, the impact of a 
second round of biopsy, vitrification, and warming was 
assessed. The following outcome measures were compared 
between biopsied and rebiopsied embryos: (I) clinical preg-
nancy rate (CPR), defined as the percentage of embryo 
transfers resulting in a gestational sac observed during the 
ultrasound examination scan at >5 weeks gestation; (II) mis-
carriage rate (MR), calculated as the number of miscarriages 
up to the 20th week of pregnancy divided by the number 
of gestations with positive β-hCG; and (III) live birth rate 
(LBR), defined as the percentage of embryo transfers result-
ing in a fetus born alive beyond the 24th week of pregnancy. 
Regarding LBR, only data from 2016 to September 2020 
were included, as live births were not fully updated in our 
database after this date.

Statistical analysis

Continuous variables were presented as mean ± standard 
deviation and range. Categorical variables were reported as 
rates with a 95% confidence interval. The Shapiro-Wilk test 
was used to examine the normal distribution of the data. 
The Student’s t test was used to compare continuous char-
acteristics between groups, while the chi-square test was 
performed to assess statistically significant differences in 
categorical variables. Following univariate analysis, logis-
tic regression was conducted, and adjusted odds ratios were 
calculated to determine the risk of a TE biopsy resulting in 
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an inconclusive diagnosis. All statistical analyses were car-
ried out using the SPSS software, and a p value < 0.05 was 
considered statistically significant.

Ethical approval

All procedures were approved by our institutional review 
board (#2202-VLC-010-MN), the ethics committee of 
Clinical Research IVI-RMA Valencia, which regulates and 
approves the analysis of databases for research purposes. 
The project complies with the Spanish law governing 
assisted reproductive technologies (14/2006), and, given its 
retrospective nature, formal consent from study participants 
was not required.

Results

Incidence of inconclusive results after PGT‑A

The overall diagnostic rate was 97.1% (17,511/18,028), 
while the remaining 2.9% of biopsied blastocysts 
(517/18,028) failed to yield a conclusive result.

Factors contributing to the risk of inconclusive 
results after PGT‑A

The assessment of variables related to blastocyst evalua-
tion revealed that D5-biopsied embryos exhibited a signifi-
cantly lower rate of inconclusive results (2.7%) compared to 
slower-growing embryos biopsied on D6 (3.3%) (P<0.05). 
Similarly, the blastocyst stage was strongly correlated with 
the chance of obtaining inconclusive diagnoses, as evi-
denced by the significantly lower rate of inconclusive results 
observed in iHB (2.7%) compared to HB (4.2%) (P<0.05) 
(Table 1).

In contrast, embryo quality did not correlate with the 
risk of obtaining an inconclusive diagnosis. Paradoxically, 
embryos with a poor-quality TE had similar rates of incon-
clusive results (3%) compared to those with a good-quality 
TE (2.8%) (P>0.05). Similarly, no significant correlation 
was found between the rate of inconclusive results and ICM 
scores (3% vs. 2.8%, respectively) (P>0.05) (Table 1).

Regarding the biopsy methodology, the rate of incon-
clusive results was significantly higher in the pulling group 
(5.4%) compared to the flicking group (2.3%) (P<0.05) 
(Table 1). Additionally, when assessing the operators’ per-
formance, most embryologists displayed similar rates of 
inconclusive results (2–4%) (P>0.05), suggesting compa-
rable overall biopsy skill levels (Supplementary Table 1).

Consistently, logistic regression analysis showed no 
correlation between blastocyst quality (ICM and TE 
scores) or maternal age and the risk of inconclusive 

results. In contrast, the day of blastocyst biopsy, the blas-
tocyst stage, and the biopsy methodology were factors 
significantly affecting the risk of having an inconclusive 
chromosomal assessment (Table 2).

Table 1  Rate of inconclusive results depending on blastocyst features 
and the biopsy methodology

PGT-A, preimplantation genetic testing for aneuploidy; CI, confi-
dence interval; NS, not significant; iHB, hatching blastocyst; HB, 
hatched blastocyst; ICM, inner cell mass; TE, trophectoderm

Parameter Rate of inconclusive 
results after PGT-A

95% CI P value

Biopsy day 0.02
 Day 5 2.67% (313/11,744) 2.37–2.85
 Day 6 3.25% (204/6284) 2.91–3.69
Stage 5.30E-05
 iHB 2.67% (420/15,704) 2.42–2.92
 HB 4.17% (97/2324) 3.36–4.98
ICM quality NS
 Good (grades A+B) 2.76% (301/10,916) 2.45–3.07
 Poor (grade C) 3.04% (216/7112) 2.63–3.43
TE quality NS
 Good (grades A+B) 2.76% (266/9630) 2.43–3.09
 Poor (grade C) 2.99% (251/8398) 2.62–3.34
Biopsy methodology 3.88E-21
 Flicking 2.33% (348/14,920) 2.09–2.57
 Pulling 5.44% (169/3108) 4.61–6.19

Table 2  Logistic regression analysis for the risk of a blastocyst to be 
diagnosed as inconclusive

OR, odds ratio; CI, confidence interval; NS, not significant; iHB, 
hatching blastocyst; HB, hatched blastocyst; ICM, inner cell mass; 
TE, trophectoderm

Parameter OR 95% CI P value

Biopsy day
 Day 5 REf Ref 0.006
 Day 6 1.328 1.084–1.627
Stage
 iHB Ref Ref 0.000
 HB 1.797 1.395–2.315
ICM quality
 Good (grades A+B) Ref Ref NS
 Poor (grade C) 1.066 0.877–1.296
TE quality
 Good (grades A+B) Ref Ref NS
 Poor (grade C) 1.073 0.885–1.301
Biopsy methodology
 Flicking Ref Ref 0.000
 Pulling 2.986 2.441–3.652
Oocyte age (years) 0.990 0.976–1.004 NS
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Chromosomal assessment of rebiopsied blastocysts

77.4% of vitrified embryos with inconclusive diagnoses 
(400/517) survived intact to the warming procedure, re-
expanded, and had enough quality to be biopsied, vitri-
fied, and analyzed in a second round. A successful diag-
nosis was obtained in 96% of the rebiopsied embryos 
(384/400), yet still, 4% of them led to a repeated non-
diagnostic result (16/400). This means that only 0.1% 
of all initially biopsied embryos (16/18,028) remained 
with “no diagnosis” as final chromosomal status (Fig. 1).

Fifty-six percent of the rebiopsied embryos were classified 
as euploid (224/400) (Table 3). Interestingly, the euploidy rate 
was significantly higher in rebiopsied embryos than in embryos 
biopsied once (42.2%=7603/18,028) (P<0.0001). These dif-
ferences were observed across all maternal age groups inves-
tigated except in the >42 years group (probably due to the low 
numbers of the rebiopsy group). Consistently, the percentage 
of transferable mosaic embryos was higher in the rebiopsy 
compared to the biopsy group (data not shown), which contrib-
uted to the increase in the rate of total transferable blastocysts 
(59.5% vs. 43.4%, respectively) (P<0.0001) (Table 3).

Fig. 1  Study workflow

Table 3  Comparison of 
diagnostic metrics and clinical 
outcomes between blastocysts 
biopsied once and twice

Transferable blastocysts included euploid and transferable mosaic blastocysts. NS, not significant

Outcome Biopsy Rebiopsy P value

Euploid blastocysts 42.16% (7603/18,028) 56.00% (224/400) 4.97E-08
Maternal age
 <35 58.97% (3069/5202) 73.64% (81/110) 0.002
 35–37 50.36% (1491/2966) 63.64% (49/77) 0.02
 38–40 37.16% (2278/6126) 49.29% (69/140) 0.004
 41–42 22.48% (630/2805) 38.18% (21/55) 0.008
 >42 14.54% (135/929) 22.22% (4/18) NS
Transferable blastocysts 43.42% (7828/18,028) 59.50% (238/400) 1.94E-10
Clinical pregnancy 55.26% (2521/4562) 45.07% (32/71) NS
Miscarriage 24.00% (673/2804) 41.02% (16/39) 0.01
Live birth (until Sept 2020) 43.58% (1476/3387) 23.08% (12/52) 0.003
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Comparison of clinical outcomes between biopsied 
and rebiopsied blastocysts

A total of 71 transferable, rebiopsied blastocysts were 
warmed and underwent SET. Subsequently, their clinical 
outcomes were compared to those of the 4562 blastocysts 
biopsied once and transferred during the study timeframe. 
The CPR was comparable between blastocysts biopsied once 
(55.3%=2521/4562) and those rebiopsied (45.1%=32/71) 
(P=0.08). However, rebiopsied blastocysts had a signifi-
cantly lower LBR (23.1%=12/52) and a significantly higher 
MR (41%=16/39) compared to blastocysts biopsied once 
(43.58%=1476/3387 and 24%=673/2804, respectively) 
(P<0.05) (Table 3).

Discussion

Blastocyst biopsy for PGT usually involves a relatively low 
rate of embryos with inconclusive results. However, the 
absolute numbers can still be significant, especially in busy 
laboratories. According to previous data, around 2–7% of 
biopsied blastocysts lead to a no-result assessment [14, 15, 
17, 19, 31]. This percentage is consistent with our prevalence 
of inconclusive results in PGT-A cycles (2.9%), which may 
be considered acceptable, especially after rebiopsy (0.1%). 
In this work, we focused our efforts on investigating, from 
both technical and clinical perspectives, the potential use 
of blastocysts with inconclusive diagnoses after the initial 
PGT-A biopsy.

Regarding laboratory procedures, the Preimplantation 
Genetic Diagnosis International Society has warned that 
poor biopsy technique, laboratory practice, or sample han-
dling may cause extra cell damage and affect the outcome of 
PGT [32]. For this reason, the expertise and skill of embry-
ologists have always been a matter of concern since not all 
operators are equally trained, and their performance is not 
always regularly evaluated. It is not only important to avoid 
harming the blastocyst but also to ensure the integrity of the 
biopsied cells. A logical approach is to find the optimal bal-
ance between obtaining good-quality data and the minimal 
invasion that preserves embryonic competence.

In our hands, the day of blastocyst biopsy, the stage of 
blastocyst development, and the biopsy methodology were 
the main factors affecting the success of the diagnosis.

The day of blastocyst biopsy correlated with the chance 
of obtaining an inconclusive result and was significantly 
higher in embryos biopsied on D6 than in those biopsied 
on D5. This differs from previous data suggesting that D6 
is the ideal timing for embryo biopsy [17] or manifesting 
that the incidence of inconclusive results is independent 
of the day of blastocyst biopsy [15]. Such discrepancies 
may be explained by different laboratory and embryo 

conditions. In addition, Neal et al. [15] also reported a 
higher risk of no-result in blastocysts with worse TE qual-
ity. Although this may make intuitive sense, our data and 
others’ [17] have failed to show such a correlation. This 
may be attributed to different policies for blastocyst biopsy 
among the reporting centers and to the subjectivity by 
which TE quality is evaluated. Despite the lower TE qual-
ity, these blastocysts contain good-quality DNA, and their 
biopsy is justified. What all studies appear to agree on is 
that the ICM quality is not related to the risk of obtaining 
an inconclusive result after the PGT biopsy.

The stage of blastocyst development was also considered 
in this work. The higher rate of inconclusive results found in 
HB compared to iHB is consistent with the fact that HB are 
more frequently seen on D6 than on D5 (data not shown). 
Being the hatching process a very objective feature, embry-
ologists may see HB as more fragile specimens and the biop-
sied cells as material more likely to be degraded, which may 
affect the risk of obtaining inconclusive results.

Regarding the biopsy methodology, we report a higher 
incidence of inconclusive results when performing the pull-
ing method than with the flicking method. This contrasts with 
previous findings suggesting that flicking is a more aggres-
sive and rougher technique [35]. However, in this particular 
study [35], the euploidy rate was similar regardless of the 
biopsy method. Relatedly, Coll et al. [24] discarded the rela-
tionship between the biopsy methodology and the prevalence 
of mosaicism after PGT-A. Besides the application of differ-
ent methodologies for TE excision, different applications of 
laser technology can affect the integrity of the DNA contained 
within the biopsy. In our study, most biopsies were obtained 
after applying around four laser pulses. However, a higher 
number of pulses may have been applied with the use of the 
pulling method. In this regard, data seem controversial, as 
there is no clear relationship between the number and intensity 
of laser pulses and the level of DNA damage on the biopsied 
cells [33, 34]. Regrettably, the number of pulses was not anno-
tated at the time of embryo biopsy, as it was not mandatory 
for our electronic medical records. As manifested by other 
authors [17], these studies are necessary to understand the 
consequences of the techniques used in daily IVF activity.

Other factors potentially affecting the risk of inconclusive 
diagnosis are the tubing procedure and the time gap between 
tubing and DNA analysis. These factors were not considered 
in the present work. As other authors suggested, the quality of 
the biopsy specimen could be affected by the presence of dead 
TE cells, which is associated with a poor quality of the TE 
[19], or by the biopsy of too few cells, which may alter chro-
mosomal profiles [24]. Conversely, a lack of result is unlikely 
due to the loss of the biopsied specimen if its presence is 
confirmed after the tubing procedure, as we routinely do.

Focusing on the laboratory aspects related to clinical 
outcomes, several reports have evidenced the high ability 
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of blastocysts to recover from a double round of vitrifica-
tion and warming, although the survival rate is usually not 
100% [7, 18, 19, 36]. However, little information is available 
regarding the blastocyst’s capacity to survive a second round 
of biopsy combined with vitrification [14, 15]. In our study, 
only 77.4% of embryos with a former inconclusive diagnosis 
could be rebiopsied. Indeed, their ability to re-expand and 
survive a second round of biopsy was lower than that of 
single-biopsied blastocysts from our PGT program. Similar 
findings have been reported previously (75.4% vs. 95.5%, 
respectively) [16, 19]. Again, the embryologist’s criteria for 
performing a second biopsy based on TE quality may condi-
tion informativity and survival rates.

Despite the vast majority of blastocysts yielding an inter-
pretable result after the second biopsy round, a small percent-
age remained undiagnosed (4% of the rebiopsied blastocysts 
or 0.1% of all initially biopsied embryos). It has been sug-
gested that this could be an inherent limitation of PGT-A [15].

In addition, our data show that blastocysts with incon-
clusive results are more likely to be euploid when rebiop-
sied, as reported previously [11, 13]. This may be because 
embryos harboring chromosomal alterations are less likely 
to survive to a subsequent round of vitrification and warm-
ing and retain sufficient quality to be rebiopsied. Previous 
works have reported variable euploidy rates in rebiopsied 
blastocysts, ranging from 44 to 67% [13, 17, 19]. However, 
these percentages could be confounded by the PGT indica-
tion [14]. Also, as stated previously [16], the use of stringent 
criteria in the evaluation of DNA profiles may lead to a sig-
nificant increase in the risk of obtaining inconclusive results 
by reporting as inconclusive samples that would otherwise 
be called euploid. Although not shown in the present study, 
euploidy rates decreased significantly with the poorer qual-
ity of the TE and the ICM in both biopsied and rebiopsied 
blastocysts, as previously shown [37].

Finally, rebiopsied blastocysts had a significantly lower 
LBR and a higher MR compared to those biopsied once. 
This contributes to the idea that a second round of biopsy, 
vitrification, and warming exerts an additive effect against 
embryo viability and its developmental potential. Since the 
beginning of the implementation of the rebiopsy strategy, 
its potential impact on embryo development was laid on the 
table [36]. However, there are controversial results in this 
regard. Some works have reported differences in CPR and 
LBR, indicating a detrimental effect of rebiopsy on blas-
tocysts [15, 16, 18]. In addition, double vitrification cou-
pled with a single biopsy was reported to increase MR and 
diminish LBR [5]. In contrast, other works either observed 
no differences [17, 19] or differences were not statistically 
significant, possibly due to the low sample size [14].

Overall, our data encourage the rescue of undiagnosed 
blastocysts for clinical use. Although an extra round of 
biopsy and vitrification compromised LBR and increased 

MR, it resulted in an increased number of embryos avail-
able for transfer, which still have reproductive potential and 
may contribute to increasing the total number of babies born. 
Also, despite the potential differences in blastocysts’ com-
petence to implant and grow properly, the evidence suggests 
that rebiopsy does not impact neonatal outcomes [5, 9, 17, 
18]. However, the neonatal follow-up of children born from 
rebiopsied blastocysts was not conducted in the present study. 
Therefore, further studies are needed to reassure the safety of 
the technique and draw more definitive conclusions.

In our view, this study addresses a clinically relevant 
topic, and makes a valuable contribution to the literature 
by providing new insights into the factors contributing to 
the risk of inconclusive results and the clinical outcomes 
derived from rebiopsied blastocysts. By encompassing 6 
years of experience in PGT-A cycles, our data demonstrate 
the success of rebiopsy in yielding euploid results compat-
ible with live birth. This information guides clinical deci-
sion-making regarding embryos with non-informative results 
and facilitates the development of improved strategies for 
selecting those with higher chances of successful implanta-
tion and pregnancy. However, some study limitations should 
also be acknowledged. First, due to its retrospective nature, 
a selection bias may exist due to the lack of randomization. 
Additionally, it was a single-center study; therefore, the gen-
eralization of our findings to other PGT-A programs should 
be made with caution. Finally, although biopsy operators 
were routinely evaluated to ensure compliance with standard 
quality control metrics, the potential influence of the biopsy 
technician as a confounding factor in assessing the risk of 
inconclusive results must be recognized.

In summary, we believe that blastocyst rebiopsy is a valid 
approach to offer to patients and should be implemented 
as a regular strategy, at least if no more euploid embryos 
are available and patients refuse to undergo a blind embryo 
transfer. Otherwise, with the increasing use of PGT-A in IVF 
units worldwide, the number of embryos with an inconclu-
sive diagnosis will continue to rise year after year.
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