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Objective: To evaluate the association between relative DNA content of the trophectoderm biopsy and pregnancy outcomes.
Design: Retrospective cohort study.
Setting: Academic-affiliated private practice.
Patient(s): This study included patients undergoing their first single embryo transfer after trophectoderm biopsy and comprehensive
chromosome screening (CCS) at a single center between January 2010 and February 2014.
Intervention(s): In phase 1 of the study, a standard curve was developed to estimate the relative DNA content of trophectoderm bi-
opsies. Phase 2 of the study examined reproductive outcomes in patients undergoing single embryo transfer after trophectoderm biopsy
and CCS. Samples were divided into quartiles according to their relative DNA content, and clinical outcomes were compared.
Main Outcome Measure(s): Chemical pregnancy rate, clinical implantation rate, ongoing pregnancy rate, live birth rate.
Result(s): The quartile of highest relative DNA content had a significantly lower live birth rate when compared with the other three
quartiles (relative risk 0.84, 95% confidence interval 0.75–0.95). There was no difference between the quartiles regarding age, body
mass index, ovarian response, or endometrial thickness. Among those patients who had a live birth, there was no difference in hCG
levels, gestational age at delivery, or birth weight with respect to biopsy DNA content.
Conclusion(s): Trophectoderm biopsies with the highest relative DNA content are associated with lower live birth rates after single
embryo transfer. Possible explanations for this phenomenon include diminished accuracy of the euploid diagnosis vs. a mechanical
impact of the biopsy. Regardless of the cause, the outcomes emphasize the importance of obtaining appropriately sized trophectoderm
biopsies for CCS. (Fertil Steril� 2017;107:731–6. �2016 by American Society for Reproductive Medicine.)
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I n light of recent data, comprehen-
sive chromosome screening (CCS)
has become more frequently used

to aid in embryo selection and
enhance live birth rates. Numerous
randomized, controlled trials have
shown that trophectoderm biopsy and
subsequent CCS improves implanta-
tion and delivery rates per ET (1–4).
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A recent meta-analysis of randomized,
controlled trials and observational
studies looking at infertile couples un-
dergoing embryo biopsy with CCS
confirmed that the use of CCS in-
creases clinical and sustained (beyond
20 weeks) implantation rates when
compared with routine care without
CCS (5).
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Early studies regarding the impact
of biopsy have inconsistent findings. A
frequently cited study demonstrated
that blastomere biopsy at the eight-cell
stage did not affect preimplantation
development, although it is important
to note that the investigators did find a
decrease in cell mass of the blastocyst
in those who underwent biopsy (6). A
mouse study examining blastomere
biopsy showed similar results (7).

Randomized, controlled trials have
provided more information regarding
the impact of biopsy. A pilot study
seeking to evaluate blastocyst biopsy
vs. cleavage stage biopsy for preim-
plantation genetic diagnosis of
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ORIGINAL ARTICLE: GENETICS
b-thalassemia found that embryos undergoing blastocyst bi-
opsy had a higher implantation rate (47.6%) than those un-
dergoing cleavage stage biopsy (26.7%) (8). A more recent
paired sibling embryo trial demonstrated a nearly 40% rela-
tive reduction in sustained implantation for cleavage stage bi-
opsy when compared with trophectoderm biopsy (9). These
data indicate that the timing of biopsy during embryonic
development is important with respect to reproductive
outcomes.

Before establishing the importance of biopsy timing, re-
ports that compared clinical outcomes after ET found a reduc-
tion in reproductive potential when two blastomeres instead
of only one were removed (6, 10, 11). In another study, a
59% reduction in reproductive potential was observed in
biopsied embryos when compared with nonbiopsied
controls (12). Taken together, these data suggest that the
reproductive potential of the embryo may also be impacted
by the size of the biopsy obtained.

This study seeks to further characterize the impact of em-
bryo biopsy on reproductive outcomes. As the data discussed
suggest, both biopsy timing and biopsy size may be impactful.
Thus, we seek to characterize biopsy size while controlling for
timing by analyzing only trophectoderm biopsies. Here, an
assay measuring relative DNA content as a surrogate for bi-
opsy size is established, and reproductive outcomes are
examined.
MATERIALS AND METHODS
Study Population

This is a retrospective cohort study of all patients undergoing
their first single embryo transfer after trophectoderm biopsy
and CCS at a single infertility center between January 2010
and February 2014. Only data from the first ET for each pa-
tient during this time period were included. All stimulation
and embryology techniques were performed as per routine
practice standards. Embryos were cultured to the blastocyst
stage before undergoing trophectoderm biopsy on day 5 or
day 6 of embryo development. Biopsies were then used for
CCS via quantitative real-time polymerase chain reaction
(qPCR)-based assay (13). Single embryo transfer of the
morphologically best, euploid embryo was performed on
day 6 of the fresh cycle in the event the blastocyst had
expanded for trophectoderm biopsy the day prior or in a sub-
sequent frozen embryo transfer cycle if the embryo was bio-
psied on day 6. In all cases, patients who underwent
transfer had an endometrial thickness of at least 6 mm.
Methods

Phase 1: DNA quantification assay. To characterize relative
DNA content of trophectoderm biopsies, additional analysis
of qPCR-based CCS (14) data was performed. When perform-
ing qPCR, the number of PCR cycles required to reach an arbi-
trary signal threshold (threshold cycle or CT) for a given
genomic locus is inversely related to the amount of DNA at
that locus. Therefore, samples observed reaching the
threshold at a lower cycle number than others contain more
DNA. Quantitative PCR-based CCS involves testing 96
732
genomic loci in parallel. Eight of these loci are on the sex
chromosomes and therefore excluded from analysis of DNA
content, given that some embryos will be male and some fe-
male. Therefore, the mean CT values for the remaining auto-
somal chromosomes (88 loci) were evaluated as a surrogate
marker of DNA content. Mean CT values were analyzed
from samples with known numbers of cells (1, 2, 3, 4, 5, 10,
15, and 20) from a euploid fibroblast cell line (Coriell Cell Re-
pository, ID# GM00323). Twelve replicates of each cell num-
ber were performed. A standard curve was then established,
based on the cell number and mean CT value. This assay pro-
vides a method of relative DNA content in a specimen but is
not a method that is capable of counting cells in a particular
sample. Given that more cells in a sample will have more DNA
content, it is possible to determine relative size of an embryo
biopsy, although not the exact cellularity. Thus, this curve
was used to estimate the DNA content of trophectoderm bi-
opsies, and these values were stratified into quartiles from
least (1) to most (4) DNA content.

Phase 2: Outcome measures. Human chorionic gonado-
tropin levels were measured 9 days after ET and repeated
48 hours later if positive, as per routine in this program. The
rise in serum hCG levels was calculated by dividing the repeat
hCG value at 48 hours by the initial hCG value. To eliminate
variation in hCG levels based on timing of blood draw, only
those cycles in which the hCG was measured at the specified
time points (namely, 9 days after ET and 48 hours later) were
included in this analysis. This resulted in the exclusion of 608
subjects from this subanalysis. These subjects were, however,
included in the main analysis of pregnancy outcomes that
follows.

The following pregnancy outcomes were measured for
each quartile: chemical pregnancy rate, clinical implantation
rate, ongoing pregnancy rate, and live birth rate. A chemical
pregnancy was defined as a positive initial hCG at 4 weeks'
gestation. Implantation was defined as the presence of an in-
trauterine gestational sac on ultrasound. Ongoing pregnancy
was defined as fetal cardiac activity at the time of discharge to
an obstetrician, typically at 9 weeks' gestation. Live birth was
defined as the birth of a living infant atR23weeks' gestation.
For all live births, gestational age at delivery and birth weight
were recorded. Given the known association of both males
and neonates born after frozen embryo transfer with higher
birth weight (15), these results were reported by gender and
by fresh vs. frozen transfer. Pregnancy outcomes were
adjusted for embryo quality, which was assessed as good,
fair or poor according to the simplified Society for Assisted
Reproductive Technology embryo scoring system (16).
Statistical Analysis

Categorical data were analyzed using c2 to compare outcomes
between groups. Analysis of variance was used to evaluate
continuous variables. Multivariate analysis was conducted
to account for possible confounders, including oocyte age,
fresh vs. frozen embryo transfer, embryo quality, and DNA
content. Statistical significance was determined according
to a P value %.05. All retrospective data analysis was per-
formed under institutional review board–approved protocols.
VOL. 107 NO. 3 / MARCH 2017
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RESULTS
In phase 1 of the study, the standard curve was developed ac-
cording to the described method (Fig. 1). This curve was then
used to estimate the relative DNA content of the trophecto-
derm biopsies for the ETs that were studied in phase 2.
Although this method is unable to precisely quantify cellu-
larity, knowing the relative DNA content enabled an approx-
imation using our model. The biopsies in this study were
estimated to range in cellularity from 1 to 20 cells.

Phase 2 of this study includes a total of 1,147 patients and
ETs. The average age at the time of oocyte retrieval
was 36.1 years (range, 22–44.8 years), body mass index
24.9 kg/m2 (range, 16.1–61.4 kg/m2), and endometrial thick-
ness 9.6 mm (range, 6.0–18.0 mm). Approximately two-thirds
of patients (67.7%) underwent frozen embryo transfers. De-
mographics of the patient population stratified by trophecto-
derm biopsy relative DNA content can be found in Table 1.
There were no differences among the four quartiles with
respect to age at the time of oocyte retrieval, body mass index,
or maximal endometrial thickness at time of hCG administra-
tion. The percentage of ETs done in the frozen cycle was
similar (63%–66%) in quartiles 1–3. In the quartile of highest
DNA content (quartile 4), frozen embryo transfers were
increased compared with fresh transfers (P< .01).

Figure 2 displays pregnancy outcomes by quartile of bi-
opsy relative DNA content. The quartile of highest relative
DNA content (quartile 4) had a lower chemical pregnancy
rate and implantation rate when compared with the other
three quartiles; however, this difference was not statistically
significant. The quartile of highest relative DNA content did
have a significantly lower ongoing pregnancy rate and live
birth rate when compared with the other three quartiles
(Table 1).

Among those patients who had a live birth, there was no
difference in the initial hCG or rate of rise in hCG over
48 hours with respect to biopsy DNA content. There were no
differences in gestational age at delivery or birth weight
FIGURE 1

Method for determination of biopsy DNA content as a surrogate for biopsy
plex reactionwere analyzed on samples with known numbers of cells (1, 2, 3
established, based on the cell number and average CT value. This curve w
Neal. Embryo biopsy size and pregnancy outcome. Fertil Steril 2016.

VOL. 107 NO. 3 / MARCH 2017
with respect to biopsy DNA content (Table 1). As expected,
males and neonates born after frozen embryo transfer had
higher birth weights than females and neonates born after
fresh embryo transfer. Of note, there were seven sets of mono-
zygotic twins. These pregnancies were excluded when calcu-
lating mean hCG levels, gestational age at delivery, and birth
weight.

Given that quartile 4 had a lower ongoing pregnancy rate
and also a higher percentage of frozen transfers when
compared with the other quartiles, the data were reanalyzed
after stratifying by fresh vs. frozen transfer, as shown in
Table 2. Interestingly, the mean initial hCG level was signifi-
cantly higher for frozen transfers when compared with that
for fresh transfers (155.2 mIU/mL vs. 108.1 mIU/mL,
P< .001). There was no difference in the rate of rise in hCG be-
tween fresh and frozen transfers. With respect to pregnancy
outcomes, there were no statistically significant differences
between fresh and frozen transfers.

Multivariate analysis was conducted to account for em-
bryo quality in addition to oocyte age, fresh vs. frozen trans-
fer, and biopsy DNA content. The addition of this potential
confounder did not affect the observed pregnancy outcomes;
namely, quartile 4 had lower ongoing pregnancy and live
birth rates. Data from this analysis can be found in
Supplemental Table 1 (available online).

DISCUSSION
The data presented here indicate that the relative DNA content
of trophectoderm biopsy is an important factor that can influ-
ence reproductive competence of embryos. Although trophec-
toderm biopsy has been shown to be safer and more accurate
than blastomere biopsy at the cleavage stage, the trophecto-
derm biopsies with the relatively highest DNA content were
correlated with a lower chance for delivery. These data, taken
with previously published data, establish that both timing of
biopsy and size of biopsy are important variables when imple-
menting CCS.
size. (A) Quantitative PCR-based mean threshold cycles (CT) from a 96-
, 4, 5, 10, 15, and 20) from a cultured cell line. (B) A standard curve was
as used to estimate the relative DNA content of each biopsy.
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TABLE 1

Demographic information, cycle characteristics, pregnancy outcomes, and neonatal outcomes by quartile (Q).

Variable

DNA content

Q1 (n [ 264) Q2 (n [ 290) Q3 (n [ 282) Q4 (n [ 311)

Oocyte age (y), mean (range) 35.9 (23.2–44.2) 35.7 (25.6–45.8) 36.2 (22.6–44.9) 36.4 (22.0–44.5)
Body mass index (kg/m2), mean (range) 25.5 (17.5–46.2) 24.5 (16.7–46.5) 24.9 (16.8–50.4) 24.7 (16.1–61.4)
Endometrial thickness (mm), mean (range) 9.5 (6–16) 9.7 (6–17) 9.8 (6–18) 9.6 (6–18)
Frozen embryo transfers, n (%) 173 (65.5) 192 (66.2) 180 (63.8) 232 (74.6)
Embryo quality, n (%)

Good 49 (18.6) 61 (21.0) 85 (30.1) 125 (40.2)
Fair 195 (73.9) 217 (74.8) 189 (67.0) 171 (55.0)
Poor 20 (7.6) 12 (4.1) 7 (2.5) 13 (4.2)

Mean initial hCG (mIU/mL) 158.3 160.0 153.9 158.3
Relative rise hCG 2.7 2.6 2.6 2.9
Chemical pregnancy, n (%) 209 (79.2)a 225 (77.6)b 217 (77.0)b 226 (72.7)c

Implantation, n (%) 188 (71.2)d 199 (68.6)e 201 (70.9)d 195 (62.7)f

Ongoing pregnancy, n (%) 168 (63.6)g 179 (61.7)g 175 (62.1)g 165 (53.1)h

Live birth, n (%) 163 (61.7)i 171 (59.0)j 172 (61.0)i 159 (51.1)K

Mean gestation age at delivery (wk) 37.7 38.0 38.0 38.1
Mean birth weight (g) 3,335.6 3,341.7 3,397.7 3,437.5

Fresh transfer (n ¼ 226) 3,295.6 3,244.1 3,361.2 3,294.5
Frozen transfer (n ¼ 433) 3,356.6 3,402.2 3,421.8 3,483.2
Female (n ¼ 310) 3,348.5 3,294.0 3,170.8 3,325.3
Male (n ¼ 349) 3,326.2 3,387.3 3,601.7 3,548.4

Note: Population numbers (n) for hCG parameters are lower owing to exclusion of subjects who did not have hCG drawn at the specified time points (Q1, n¼ 142; Q2, n¼ 143; Q3, n¼ 153; Q4,
n¼ 134). Population numbers (n) for neonatal outcomes are lower owing to exclusion of subjects who did not have a singleton live birth (Q1, n¼ 163; Q2, n¼ 170; Q3, n¼ 169; Q4, n¼ 157). There
were no differences in age, body mass index, or endometrial thickness across quartiles. Frozen embryo transfer rates were higher in the quartile of highest DNA content (Q4) (P< .01). This quartile
also had a higher proportion of good-quality embryos. There was no difference in pregnancy outcomes among quartiles 1–3. Pregnancy rates were lower for the biopsy group with highest DNA
content (Q4). There were no differences seen in initial hCG, rise of hCG, or neonatal outcomes across quartiles.
Superscript letters a vs. c, d vs. f, g vs. h, i vs. k: P< .05.

Neal. Embryo biopsy size and pregnancy outcome. Fertil Steril 2016.
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With level 1 evidence of the benefit of euploid embryo
transfer to enhance pregnancy rates in IVF (1, 2, 5), focus
has turned to how to further enhance selection because
30%–40% of euploid blastocysts fail to implant. Previous
data demonstrated that blastomere biopsy is detrimental to
an embryo's reproductive potential, resulting in an
approximately 40% relative decrement in the chance of
delivery (9). Although trophectoderm biopsy at the
blastocyst stage was found to be safe, not all biopsies are
the same.

Embryologists are trained to obtain biopsies that contain
approximately five trophectoderm cells, although in highly
cellular blastocysts it is difficult to precisely quantify cellu-
larity at the time of laser-assisted biopsy. Therefore, a
FIGURE 2

Pregnancy outcomes across quartiles of trophectoderm biopsy DNA
content. The biopsy quartile with highest DNA content (Q4)
demonstrated poorer outcomes across all measured outcomes.
Neal. Embryo biopsy size and pregnancy outcome. Fertil Steril 2016.

734
qPCR-based standard curve was established to ascertain rela-
tive DNA content, which was used as a surrogate marker for
relative cellularity. We elected to focus on relative DNA con-
tent rather than cellularity because our model was based on a
fibroblast cell line, and there may not be an exact correlation
with human embryos. To better estimate the cellularity of a
trophectoderm biopsy, the same standard curve would need
to be created with biopsies of varying sizes from discarded
embryos.

These data demonstrate that, when using a cell line–vali-
dated measure of relative DNA content, biopsies with
increased relative DNA content impact clinical outcomes.
Possible explanations for this phenomenon include dimin-
ished accuracy of the euploid diagnosis, resulting from either
technical error or biologic error vs. a mechanical impact of the
biopsy itself. Although qPCR-based CCS is highly accurate,
technical error may be more likely to occur in the setting of
a very cellular biopsy, which could result in assay saturation
(17). Given that the assay is calibrated to accommodate the
average trophectoderm biopsy, assay saturation should
generally not occur. However, the assay performance may
be diminished in the setting of a relatively larger biopsy.
Increased DNA content may also result in higher biologic er-
ror by dampening the detection of mosaicism. Furthermore,
because polyploidy cannot be detected using qPCR-based
CCS, it is plausible that polyploid embryos may have been
included in this study. Our method of estimating biopsy
DNA content, which relies on a qPCR-based assay, would
likely estimate biopsies of these embryos to be highly cellular,
when in fact the higher signal would be due to increased DNA
VOL. 107 NO. 3 / MARCH 2017



TABLE 2

Data stratified by fresh vs. frozen embryo transfer.

Variable

DNA content

Q1 (n [ 264) Q2 (n [ 290) Q3 (n [ 282) Q4 (n [ 311) All (n [ 1,147)

Mean initial hCG (mIU/mL)
Fresh 129.8 133.0 115.2 91.1 120.1
Frozen 171.9 178.4 179.5 178.5 177.0
P value .02 < .01 < .01 < .01 < .01

Relative rise hCG
Fresh 2.6 2.6 2.5 3.0 2.6
Frozen 2.7 2.6 2.7 2.8 2.7
P value .34 >.99 .06 .16 .06

Chemical pregnancy, n (%)
Fresh 73 (80.2) 75 (76.5) 78 (76.5) 58 (73.4) 284 (76.8)
Frozen 136 (78.6) 150 (78.1) 139 (77.2) 168 (72.4) 593 (76.3)
P value .76 .76 .89 .86 .87

Implantation, n (%)
Fresh 61 (67.0) 68 (69.4) 75 (73.5) 50 (63.3) 254 (68.6)
Frozen 127 (73.4) 131 (68.2) 126 (69.4) 145 (62.5) 529 (68.0)
P value .28 .84 .47 .90 .81

Ongoing pregnancy, n (%)
Fresh 58 (63.7) 67 (68.4) 70 (68.6) 39 (49.4) 234 (63.2)
Frozen 110 (63.6) 112 (58.3) 105 (58.3) 126 (54.3) 453 (58.3)
P value .98 .10 .09 .45 .11

Live birth, n (%)
Fresh 56 (62.6) 65 (66.3) 68 (66.7) 39 (49.4) 228 (61.9)
Frozen 107 (61.3) 106 (55.2) 104 (57.8) 120 (51.7) 437 (56.1)
P value .83 .07 .14 .72 .06

Note: Population numbers (n) for hCG parameters are lower owing to exclusion of subjects who did not have hCG drawn at the specified time points (Q1, n¼ 142; Q2, n¼ 143; Q3, n¼ 153; Q4,
n ¼ 134). Mean initial hCG following frozen embryo transfer was significantly higher for all when compared with mean initial hCG following fresh embryo transfer. There was no difference in
relative rise over 48 hours. There was no difference in pregnancy outcomes between the fresh and frozen embryo transfer groups.

Neal. Embryo biopsy size and pregnancy outcome. Fertil Steril 2016.

Fertility and Sterility®
content rather than increased relative cellularity. Last, one
must consider that a large or very cellular biopsy may have
an adverse mechanical impact on the remaining blastocyst,
perhaps resulting in lower pregnancy rates.

Although the quartile with the lowest pregnancy rates
also had the highest percentage of frozen embryo transfers,
this difference does not account for the lower pregnancy
rates. Further analysis revealed that the initial hCG levels
for frozen embryo transfers were significantly higher than
those for fresh embryo transfers. However, the chemical preg-
nancy, implantation, ongoing pregnancy, and live birth rates
did not differ between fresh and frozen embryo transfers. This
finding is consistent with previously published data regarding
reproductive outcomes following frozen embryo transfer at
the study center and elsewhere (2, 18).

Although blastocyst morphology has been shown to be
predictive of pregnancy outcomes in unscreened embryos
(19, 20), additional studies have demonstrated conflicting
results regarding the impact of morphology on pregnancy
outcomes after transfer of euploid embryos (21, 22). Our
study failed to find an association between morphology and
pregnancy outcome; however, this lack of association may
be a byproduct of limited sample size. Multivariate analysis
confirmed that even when adjusting for embryo quality,
ongoing pregnancy and live birth rates remained lower in
the quartile of highest DNA content. In addition,
implantation rate was lower in this quartile.

This study only examined pregnancy outcomes following
ETs for which the trophectoderm biopsy yielded a (euploid)
VOL. 107 NO. 3 / MARCH 2017
result. We did not examine the relative DNA content of bi-
opsies that had uninterpretable results; however, it is possible
that uninterpretable results are more likely to arise from a bi-
opsy that is too small, with poor amplification and impaired
fidelity as a consequence. Therefore, simply minimizing the
size of the trophectoderm biopsy may not be the best solution.

It is difficult to determine the exact number of cells when
performing a trophectoderm biopsy, and our analysis does not
intend to provide guidelines regarding the optimal number of
cells to obtain. Rather the purpose is to demonstrate that not
all biopsies are the same, and ones with relatively higher DNA
content, likely correlating with a relatively more cellular bi-
opsy, may have an adverse impact on the implantation poten-
tial of the transferred embryo. More research is needed to
elucidate the causes of this decrement in pregnancy outcomes
and to continue to optimize the safety and efficacy of tro-
phectoderm biopsy.
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SUPPLEMENTAL TABLE 1

Multivariate analysis.

Variable Chemical pregnancy Implantation Ongoing pregnancy Live birth

Oocyte age 0.94 (0.91–0.97) 0.96 (0.93–0.99) 0.97 (0.94–1.00) 0.96 (0.93–0.99)
Embryo score: fair (ref: poor) 1.2 (0.62–2.24) 1.35 (0.74–2.41) 1.36 (0.76–2.41) 1.23 (0.69–2.18)
Embryo score: good (ref: poor) 1.29 (0.64–2.48) 1.55 (0.83–2.88) 1.63 (0.89–3.00) 1.47 (0.80–2.70)
Frozen embryo transfer (ref: fresh) 1.06 (0.79–1.44) 1.07 (0.82–1.41) 0.89 (0.68–1.15) 0.87 (0.67–1.13)
Q2 (ref: Q1) 0.89 (0.59–1.34) 0.86 (0.59–1.24) 0.90 (0.64–1.27) 0.87 (0.62–1.23)
Q3 (ref: Q1) 0.89 (0.59–1.35) 1.00 (0.68–1.45) 0.92 (0.64–1.30) 0.96 (0.67–1.36)
Q4 (ref: Q1) 0.70 (0.47–1.05) 0.67 (0.47–0.96) 0.64 (0.45–0.90) 0.64 (0.46–0.90)
Note: Pregnancy outcomes are expressed as odds ratio (95% confidence interval). After adjusting for oocyte age, embryo quality, and fresh vs. frozen embryo transfer, the biopsy quartile with
highest DNA content (Q4) remained a predictor of significantly lower ongoing pregnancy and live birth rates. It also emerged as a predictor of lower implantation rate. ref ¼ reference value.
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