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Abstract
Purpose To describe diagnostic results following re-biopsy of blastocysts with inconclusive results on preimplantation genetic
screening for aneuploidy (PGT-A) and to evaluate the reproductive potential of re-biopsied blastocysts.
Methods This retrospective cohort study included all trophectoderm biopsies submitted for PGT-A by a large in vitro fertilization
center to a single genetics laboratory from June 2016 to October 2018. PGT-Awas performed using next-generation sequencing
(NGS). No-result blastocysts that underwent re-biopsy were subsequently classified as euploid, aneuploid, mosaic/segmental, or
no-result. Ongoing pregnancy and clinical loss rates were assessed following transfer of re-biopsied blastocysts. Logistic regres-
sions were conducted to account for age and blastocyst morphology.
Results Of the trophectoderm biopsies submitted for PGT-A, 635/25,199 (2.5%) were categorized as no-result. Those that
underwent re-biopsy (n = 250) had a 95.2% diagnostic rate with 140 (56.0%) receiving euploid diagnoses. Thirty-six re-biopsied
blastocysts deemed euploid were subsequently transferred, resulting in 18 (50.0%) ongoing pregnancies and 5 (13.9%) clinical
losses. After adjusting for age and blastocyst morphology, there remained a lower ongoing pregnancy rate and a trend towards
higher clinical loss rate following transfer of a re-biopsied blastocyst. When compared to blastocysts that underwent the same
number of vitrification-warming cycles but only one biopsy, there were no differences in outcomes.
Conclusions Failure to obtain an analytical result does not change the probability that a given blastocyst is euploid. Pregnancy
outcomes following transfer of re-biopsied blastocysts are favorable, but further data must be accrued for an adequately powered
comparison with outcomes after transfer of blastocysts biopsied once.
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Introduction

Preimplantation genetic testing for aneuploidy (PGT-A) is a
useful adjunct to IVF treatment but occasionally fails to yield
a diagnostic result. The prevalence of inconclusive diagnoses

reported in the literature ranges from 0.86 to 3.8% [1–4].
Factors known or hypothesized to contribute to inconclusive
diagnoses include poor quality DNA secondary to poor em-
bryo quality, day of biopsy, biopsy technique, shipping con-
ditions, technical amplification failure, or wide scatter in the
data resulting in failure to meet analytical quality control met-
rics [1, 2, 5]. Regardless of the etiology, inconclusive diagno-
ses are an inherent limitation of PGT-A and pose a challenge
to both patients and clinicians.

When PGT-A yields an inconclusive diagnosis, patients
typically prioritize transfer of euploid embryos if available;
however, in situations where there are few or no euploid em-
bryos, patients must choose whether to re-biopsy the no-result
blastocyst, blindly transfer it or accumulate more embryos,
each option posing its own potential benefits and drawbacks.
Re-biopsy involves additional labor and expense for both the
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embryology and genetics laboratories, delays time to embryo
transfer, and requires an additional warming and revitrification
of the embryo. Additionally, there are concerns that no-result
embryos may be intrinsically less competent—less likely to
yield a diagnostic result upon re-biopsy due to scant cellularity
or apoptotic cells, less likely to be euploid, or less likely to
result in a pregnancy.

Several studies have sought to address these issues [1–6]
but vary in terms of patient population, embryo stage at biop-
sy, PGT platform utilized, and fresh versus frozen embryo
transfer, all factors which may be expected to influence out-
comes. Only one study has reported on outcomes using a NGS
platform [6]. The authors examined diagnostic outcomes fol-
lowing repeat trophectoderm biopsy of no-result blastocysts
from 39 IVF centers and concluded that over half are euploid
but did not report on subsequent pregnancy outcomes.

The objectives of this study were to describe diagnostic
results of PGT-A following re-biopsy of no-result blastocysts,
and to report clinical outcomes following transfer of those
blastocysts found to be euploid after re-biopsy.

Materials and methods

Study population

A retrospective cohort study was performed consisting of all
blastocysts that underwent trophectoderm biopsy for PGT-A
at a large IVF center between June 2016 and October 2018.
Blastocysts of patients undergoing PGT for indications other
than aneuploidy screening (e.g., chromosomal rearrange-
ments, single gene disorders) were excluded. Per laboratory
protocol, all blastocysts were biopsied when they reached full
expansion on days 5, 6, or 7, and subsequently vitrified.
Biopsies were sent to a single genetics laboratory for PGT-A

using a next-generation sequencing (NGS) platform. The sub-
sequent study workflow is shown in Fig. 1.

Blastocysts were categorized as “no-result” if there was
amplification failure, indicating the presence of insufficient
genetic material in the biopsy for analysis. Blastocysts were
also categorized as no-result if results were reported as non-
concurrent, indicating wide scatter in data and failure to meet
quality control standards. No-result blastocysts were com-
pared to those that received a diagnosis on the basis of oocyte
age, biopsy day, inner cell mass (ICM) grade, and
trophectoderm (TE) grade to identify factors which may con-
tribute to inconclusive PGT-A results.

Re-biopsy of no-result blastocysts

Within the cohort of no-result blastocysts, those that were
warmed for re-biopsy were identified. Re-biopsy was per-
formed according to the same laboratory procedures for the
initial biopsy and followed by re-vitrification of the blastocyst.
Re-biopsy specimens were submitted for PGT-A reanalysis
utilizing the same NGS platform and quality control metrics
for interpretation of results. Results after re-biopsy were clas-
sified as euploid, aneuploid (any result that included at least
one whole chromosome aneuploidy), mosaic/segmental (any
result with only mosaicism and/or segmental aneuploidies), or
no-result, and were compared to the distribution of results
seen after initial biopsy.

Transfer of re-biopsied blastocysts

Of the blastocysts deemed to be euploid after re-biopsy, those
that were re-warmed for single embryo transfer prior to
November 2018 were used to assess pregnancy outcomes.
Specific pregnancy outcomes of interest included ongoing
pregnancy (defined as the presence of a fetal heartbeat at 8-
week gestation), clinical loss (defined as pregnancy loss

Fig. 1 Flowchart detailing distribution of PGT-A results obtained following initial and repeat (if applicable) biopsies
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following observation of a gestational sac on ultrasound), and
monozygotic twinning.

Pregnancy outcomes were compared to those of two con-
trol groups. The first control group consisted of patients un-
dergoing routine care, namely transfer of euploid blastocysts
biopsied once prior to a single vitrification/warming cycle. A
second control group was included as an effort to isolate the
impact of multiple biopsies versus multiple vitrification/
warming cycles on pregnancy outcomes. This control group
consisted of patients who underwent transfer of euploid blas-
tocysts that were vitrified first and then warmed for a single
biopsy prior to a second vitrification/warming cycle. Lastly,
pregnancy outcomes of cycles in which no-result blastocysts
were blindly transferred without re-biopsy were described.

Statistical analysis

Patient, embryo, and cycle characteristics of interest included
oocyte age, age at transfer, bodymass index, peak endometrial
thickness, biopsy day (day 5, 6, or 7), ICM grade, and TE
grade. Student’s t test or analysis of variance (ANOVA) were
used to compare continuous baseline characteristics between
the groups. Pearson’s chi-square test or Fisher’s exact test as
appropriate was used for comparison of categorical baseline
characteristics and pregnancy outcomes. For the purposes of
evaluating pregnancy outcome, blastocyst morphology was
considered as a categorical variable according to the simpli-
fied SART embryo scoring system [7]. Logistic regression
was performed to account for the impact of oocyte age and
blastocyst morphology on pregnancy outcomes.

Ethical approval

This study was approved by our Institutional Review Board,
and given its retrospective nature, formal consent of study
participants was not required.

Results

Incidence and characteristics of no-result blastocysts

During the study timeframe, a total of 25,199 blastocysts were
biopsied for PGT-A. The overall diagnostic rate was 97.5%,
with 635 blastocysts receiving inconclusive reports, of which
151 (0.6%) were due to amplification failure and 484 (1.9%)
were due to non-concurrent results (Table 1). There was no
difference in oocyte age between blastocysts that received
diagnostic results versus those that did not (P = 0.15). The
incidence of inconclusive results did not vary with day of
biopsy (P = 0.49) or ICM grade (P = 0.11); however, it was
higher for blastocysts with TE grade B or C relative to TE
grade A (P < 0.01) (Fig. 2).

Diagnostic results after re-biopsy

Of the 635 no-result blastocysts, 250 were warmed for re-
biopsy and all survived the warming process. No-result blas-
tocysts that were selected for re-biopsy were, on average, from
older patients (mean age at oocyte retrieval 35.9 versus
33.4 years, P < 0.01). They did not differ on the basis of rea-
son for inconclusive report (amplification failure versus non-
concurrent results), biopsy day, ICM grade, or TE grade. PGT-
A performed on the re-biopsy specimen yielded a diagnostic
result in 95.2% of cases. The incidence of a diagnostic result
upon re-biopsy did not differ by reason for initial inconclusive
report (94.8% for initial non-concurrent results vs 96.6% for
initial amplification failure, P = 0.86).

One-hundred and forty (56.0%) blastocysts were assigned
a euploid diagnosis following re-biopsy. For patients < 35, no-
result blastocysts undergoing re-biopsy were more likely to be
categorized as no-result again upon re-biopsy (7.4% versus
2.5%, P = 0.01) (Fig. 3). However, the likelihood of a euploid
diagnosis following re-biopsy was no different than the like-
lihood of a euploid diagnosis following initial assessment
(P = 0.98); this finding was true of all age groups.
Additionally, the distribution of abnormal results amongst
the aneuploid and mosaic/segmental categories was not statis-
tically different.

Pregnancy outcomes

Thirty-six of the 140 re-biopsied blastocysts found to be eu-
ploid were re-warmed for transfer with a 100% survival rate.
These blastocysts were subsequently used for single embryo
transfers, resulting in 18 (50.0%) ongoing pregnancies and 5
(13.9%) clinical losses. When compared to the control groups
(1 biopsy + 1 vitrification/warming cycle and 1 biopsy + 2
vitrification/warming cycles), re-biopsied blastocysts that
were transferred were more likely to be from older patients
and less likely to be classified as good quality (Table 2).
Logistic regression analyses which adjusted for these vari-
ables identified a lower ongoing pregnancy rate (OR 0.49,
95% CI 0.25–0.96) for re-biopsied blastocysts when com-
pared to those that underwent 1 biopsy + 1 vitrification/
warming cycle. There was a trend towards a higher clinical
loss rate (OR 2.03, 95% CI 0.69–4.83) as well. However,
when compared to blastocysts that underwent 1 biopsy + 2
vitrification/warming cycles, differences in ongoing pregnan-
cy rate (P = 0.91) and clinical loss rate (P = 0.30) were no
longer apparent.

Only three cases were identified in which no-result blasto-
cysts were blindly transferred without undergoing re-biopsy
for repeat analysis. All three blastocysts received non-
concurrent results on initial assessment and were not re-
biopsied. One transfer (for which the patient was 28 years of
age) resulted in an ongoing pregnancy, and the other two
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transfers (for which both patients were 38 years of age) result-
ed in no pregnancy.

Discussion

To date, there are limited data available regarding diagnostic
and clinical outcomes following re-biopsy of no-result blasto-
cysts. The available publications vary with respect to study
population (aneuploidy screening only or single gene
disorder/chromosomal rearrangement; single or multiple IVF
centers), biopsy stage (cleavage stage versus blastocyst), PGT-
A platform, fresh versus frozen transfer, and number of em-
bryos transferred. Our study is the first one to our knowledge
to evaluate distribution of diagnostic outcomes following re-
biopsy of blastocysts when utilizing a NGS-based PGT-A
platform. In addition, we present pregnancy outcomes follow-
ing subsequent transfer of blastocysts deemed to be euploid
upon re-biopsy. Our results affirm findings of previous

studies, suggesting that no-result blastocysts are often deemed
to be euploid upon repeat PGT-A and such blastocysts have
reproductive potential.

In this study, blastocyst biopsy for NGS-based PGT-A
yielded inconclusive results in a small minority (2.5%) of
cases. This finding is consistent with those of previous studies
which employed quantitative polymerase chain reaction [1]
and array comparative genomic hybridization [2–4]-based
methods of PGT-A, demonstrating that the risk of inconclu-
sive results with NGS is not increased over other platforms.

There were no differences between no-result blastocysts
and those blastocysts that received a diagnostic result on the
basis of oocyte age, biopsy day, or ICM grade. TE grade B or
C, however, was associated with an increased incidence of
inconclusive results, relative to TE grade A. These findings
make intuitive sense, as a biopsy from a blastocyst with a
lesser TE grade may be less cellular than one from a blastocyst
with TE grade A, thereby increasing the risk of an inconclu-
sive result. We did not quantify trophectoderm biopsy cellu-
larity in the present study; however, a recent study by
Cimadomo et al. looked at this parameter and found that the
mean number of trophectoderm cells was significantly lower
in biopsies that yielded inconclusive results [1]. This finding
supports the notion that inconclusive results may, in some
cases, be attributed to an underlying biologic etiology.

It is conceivable that poor quality blastocysts may be less
likely to be subjected to the stress of warming, re-biopsy, and
repeat vitrification. In this study cohort, there was no differ-
ence in ICM or TE grade between no-result blastocysts select-
ed for re-biopsy and those that were not re-biopsied. There
was, however, a difference in mean age, with re-biopsied blas-
tocysts tending to be from older subjects. As a potential ex-
planation for this finding, older patients may be more likely to
pursue re-biopsy of a no-result blastocyst due to their

Table 1 Characteristics of
blastocysts that received a
diagnosis after initial biopsy for
PGT-A versus those that did not
(no-result blastocysts)

Characteristic Diagnosed blastocysts (n = 24,564) No-result blastocysts P value

Amplification
failure (n = 151)

Non-concurrent
results (n = 484)

Oocyte age (years) 34.4 ± 4.8 35.0 ± 4.3 34.2 ± 4.4 0.15

Biopsy day 0.52
5 8096 (33.0%) 46 (30.5%) 163 (33.7%)

6 15,704 (63.9%) 101 (66.9%) 300 (62.0%)

7 764 (3.1%) 4 (2.6%) 21 (4.3%)

ICM grade 0.19
A 4696 (19.1%) 28 (18.5%) 78 (16.1%)

B 15,792 (64.3%) 99 (65.6%) 308 (63.6%)

C 4076 (16.6%) 24 (15.9%) 98 (20.2%)

TE grade < 0.01
A 5618 (22.9%) 27 (17.9%) 75 (15.5%)

B 12,224 (49.8%) 95 (62.9%) 254 (52.5%)

C 6722 (27.3%) 29 (19.2%) 155 (32.0%)
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Fig. 2 Incidence of inconclusive results by day of biopsy, inner cell mass
grade, and trophectoderm grade
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increased risk of aneuploidy or their lower likelihood of hav-
ing another blastocyst suitable for transfer.

With respect to diagnostic outcomes following re-biopsy of
no-result blastocysts, the overall euploidy rate was 56.0%
which did not differ from that of blastocysts receiving a diag-
nosis after the first trophectoderm biopsy. This is consistent
with previous reports which suggest euploidy rates of 44–70%
upon re-biopsy [1–3, 5, 6, 8]. When stratifying by age, the
distribution of PGT-A results following initial biopsy was no
different than that following re-biopsy of no-result embryos,
with the exception of the < 35 age group. In this group, the
incidence of inconclusive results was notably higher after re-
biopsy than after initial biopsy (7.4% versus 2.5%, P = 0.01),
suggesting that no-result blastocysts in this age group are
more likely to receive an inconclusive result again.

However, the clinically relevant outcome which is the propor-
tion of euploid blastocysts did not differ after re-biopsy when
compared to that seen after initial biopsy.

The safety of re-biopsy and multiple vitrification/warming
cycles has been debated. We did not find evidence of an infe-
rior blastocyst survival rate. In fact, no-result blastocysts
which were warmed for re-biopsy had a 100% survival rate
in this study, as did those blastocysts found to be euploid upon
re-biopsy and subsequently warmed for transfer. These find-
ings are in accordance with those from most prior studies
[1–3, 8, 9] with the exception of a study by Bradley et al. in
which the thaw survival rate was lower amongst blastocysts
that were twice biopsied and vitrified/warmed [10]. However,
the thaw survival rate was not significantly different when
compared to a group of blastocysts that were biopsied only

Table 2 Baseline characteristics
and pregnancy outcomes
resulting from transfer of euploid
blastocysts with varying numbers
of trophectoderm biopsies and
vitrification/warming cycles

Characteristic or outcome 1 Bx + 1 V/W
(n = 3542)

1 Bx + 2 V/W
(n = 155)

2 Bx + 2 V/W
(n = 36)

P value

Oocyte age (years) 34.8 ± 4.4 32.0 ± 4.4 35.5 ± 4.4 <0.01

Age at transfer (years) 36.0 ± 4.4 35.8 ± 5.6 36.2 ± 4.4 0.87

Body mass index (kg/m2) 26.1 ± 5.6 26.5 ± 5.6 26.0 ± 5.8 0.71

Peak endometrial thickness (mm) 10.5 ± 2.5 10.6 ± 2.8 11.0 ± 2.4 0.48

Biopsy day

5 1765 (49.8%) 63 (40.6%) 13 (36.1%) 0.06
6 1723 (48.7%) 91 (58.7%) 22 (61.1%)

7 54 (1.5%) 1 (0.6%) 1 (2.8%)

Embryo quality

Good 1348 (38.1%) 44 (28.4%) 10 (27.8%) 0.03
Fair 1985 (56.0%) 99 (63.9%) 26 (72.2%)

Poor 209 (5.9%) 12 (7.7%) 0 (0%)

Ongoing pregnancy 2366/3542 (66.8%) 98/155 (63.2%) 18/36 (50.0%) 0.07

Clinical loss 256/2622 (9.8%) 18/116 (15.5%) 5/23 (21.7%) 0.08

Monozygotic twins 44/2622 (1.7%) 0/116 (0%) 1/23 (4.3%) 0.23

Bx biopsy, V/W vitrification/warming cycle
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Fig. 3 Distribution of PGT-A di-
agnoses by number of biopsies
and oocyte age
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once, but vitrified/warmed twice, suggesting that the diminu-
tion in survival seen in this study was primarily related to the
additional vitrification/warming cycle and not the second
biopsy.

With respect to pregnancy outcomes, two control groups
were utilized (blastocysts that underwent 1 biopsy + 1
vitrification/warming cycle and blastocysts that underwent 1
biopsy + 2 vitrification/warming cycles) in an effort to identify
whether re-biopsy or multiple vitrification/warming cycles
impacted outcomes. Themean oocyte age for the latter control
group was notably younger, and this is likely due to the fact
that young patients are less likely to pursue blastocyst biopsy
for PGT-A initially but may elect to do so later, after a failed
transfer or clinical loss. Conversely, it is not surprising that the
mean oocyte age for re-biopsied blastocysts was older, as
older patients are less likely to have other euploid blastocysts
to transfer and therefore more likely to pursue re-biopsy of a
no-result blastocyst. Re-biopsied blastocysts that were trans-
ferred in this study were less likely to be classified as good
quality; this finding is likely due to the fact that patients trans-
ferring a re-biopsied blastocyst are unlikely to have a cohort of
euploid blastocysts from which to choose the best quality
embryo for transfer.

When utilizing logistic regression to account for the differ-
ences in oocyte age and blastocyst morphology, there was a
statistically significant lower ongoing pregnancy rate and a
trend towards higher clinical loss following transfer of re-
biopsied blastocysts when compared to blastocysts that
underwent 1 biopsy + 1 vitrification/warming cycle.
Potential explanations for these findings include an adverse
impact from multiple vitrification/warming cycles, an adverse
impact from multiple biopsies, or the possibility of a lower
reproductive potential inherent to no-result blastocysts. In or-
der to control for the multiple vitrification/warming cycles,
pregnancy outcomes were compared to blastocysts that
underwent 1 biopsy + 2 vitrification/warming cycles. In this
setting, the comparison of ongoing pregnancy rates was no
longer statistically significant, suggesting that an additional
vitrification/warming cycle may contribute to the lower ongo-
ing pregnancy rate seen following transfer of re-biopsied blas-
tocysts; however, it is unlikely to be the sole explanation. The
remaining two possibilities—an adverse impact of multiple
biopsies and lower reproductive potential inherent to no-
result blastocysts—must, therefore, be entertained.

One alternative to re-biopsy of a no-result blastocyst is to
blindly transfer it without a result. At our center, there were
only three such cases during the study timeframe, one of
which resulted in an ongoing pregnancy. Insufficient sample
size precludes comparison of pregnancy outcomes following
blind transfer versus re-biopsy. However, of the 250 no-result
blastocysts that underwent re-biopsy, 98 (39.2%) were subse-
quently assigned an aneuploid diagnosis, at least three of
which are known to be compatible with life (45,X; 47,XX,+

18; and 47,XY,+22). Blindly transferring no-result blastocysts
without re-biopsy, therefore, confers a low but present risk of
an ongoing aneuploid gestation.

Due to the low number of live births (n = 13) resulting from
transfer of re-biopsied blastocysts at our IVF center since 2016
when utilization of the NGS-based platform began, perinatal
outcomes were not assessed in this study. Two published stud-
ies thus far have identified no differences in birth weight or
gestational age at delivery [1, 10]; however, small numbers
preclude definitive conclusions regarding perinatal outcomes
at this time. Further data must be accrued regarding this im-
portant issue.

In summary, our data demonstrate that re-biopsy of no-
result blastocysts yields a euploid result over half of the time,
suggesting that this strategy warrants consideration for all pa-
tients who wish to understand the ploidy status of their entire
embryo cohort, and particularly for those patients who do not
have other embryos available for transfer. Re-biopsy, as well
as the additional vitrification/warming cycle that it entails,
does not appear to impact blastocyst survival. Pregnancy out-
comes may be adversely impacted when transferring a re-
biopsied blastocyst; however, the current analysis is under-
powered to detect a difference. Further data are needed in
order to make a definitive conclusion regarding the impact
of re-biopsy on pregnancy outcomes. Regardless, it is clear
that re-biopsied blastocysts have reproductive potential and
re-biopsy for repeat PGT-A should be offered to patients
who have blastocysts with inconclusive results following ini-
tial biopsy.
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