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Abstract
Purpose Polar body biopsy (PBB) is a common technique in preimplantation genetic testing (PGT) to assess the chromosomal
status of the oocyte. Numerous studies have been implemented to investigate the impact of biopsies on embryo development;
however, information on embryo morphokinetics is still lacking. Hence, we investigated the impact of PBB on morphokinetic
parameters in early embryo development.
Methods Four hundred four embryos (202 PBB, 202 control) were retrospectively analyzed. Patients were stimulated with a
gonadotropin-releasing hormone antagonist ovarian hyperstimulation protocol. After fertilization check, embryos were incubated
in a time-lapse incubator. The groups were matched for maternal age at time of oocyte retrieval.
Results Mean group times for reaching specific developmental time points showed no significant difference comparing embryos
with PBB conducted and without. Likewise, further subdivision of the PBB group in euploid and aneuploid embryos revealed no
differences in the early embryo morphokinetic development compared to the control group. Aneuploidy testing revealed a high
prevalence of chromosomal aberrations for chromosomes 21, 4, 16, and 19.
Conclusions In conclusion, PBB does not impact the morphokinetic parameters of the embryo development. PBB can be safely
applied without the risk of impairing the reproductive potential of the embryo and can be highly recommended as safe and
practicable PGT approach, especially in countries with prevailing restrictions regarding PGT analysis.
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Introduction

Preimplantation genetic testing (PGT) has become a potent
tool in assisted reproduction techniques (ART) within the last
decades [1]. Among the different methods, polar body biopsy
(PBB) has evolved to a common and secure method for infer-
tile couples to assess the chromosomal status of the oocyte.
Since polar bodies (PBs) are by-products of the meiotic

division of the oocyte and are not required for fertilization
and embryo development, they can be removed and subse-
quently screened for chromosomal aneuploidies without
harming the embryo integrity [2]. The technique is less inva-
sive than blastomere biopsy or trophectoderm (TE) biopsy and
avoids false-positive errors due to the appearance of mosai-
cism, which is not present at the zygote stage [3]. PBB pro-
vides maternal genetic information exclusively; however,
90% of human aneuploidies at birth are of maternal origin
[4]. In countries with legal restrictions regarding embryo bi-
opsy like Austria or Switzerland, PBB diagnosis remains the
only option for the investigation of chromosomal aneuploidy
in oocytes in the first instance. Furthermore, PBB can be an
alternative option for patients who want to avoid blastomere
or TE biopsy due to ethical reasons.

Together with genetic analysis, time-lapse technology rep-
resents an efficient method to complement the embryo selec-
tion, essential to improve pregnancy rates [5]. Using time-
lapse systems, morphokinetic parameters of the developing
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embryo can be observed accurately while environmental in-
fluences like temperature or humidity are minimized com-
pared to traditional manual observation and embryo selection
methods [6]. Back in 2011, the ALPHA Scientists in
Reproductive Medicine and ESHRE Special Interest Group
of Embryology elaborated a consensus for a standardized val-
idation of kinetic parameters for embryo development [7].
Ciray et al. developed and proposed guidelines on the nomen-
clature and annotation of dynamic human embryo monitoring
by time-lapse for the consensus [8]. This standardized evalu-
ation helps to compare and unify embryo selection criteria
between different in vitro fertilization (IVF) institutions.
While the impact of biopsies on embryo development has
been controversially discussed, information on embryo
morphokinetic parameters in line with PBB is still lacking.
Thus, the aim of this study was to investigate the effect of
PBB on early embryo development to evaluate the potential
risk of damaging oocyte integrity as well as the developmental
potential of the embryo after PBB. Furthermore, differences in
embryo transfer rates, biochemical pregnancy rates, implanta-
tion events, and the distribution pattern of genetic aberrations
of aneuploid embryos were investigated.

Material and methods

Patients

Four hundred four embryos from 79 female patients suffering
from unexplained infertility, age 28–45 years, undergoing
intracytoplasmic sperm injection (ICSI) treatment were retro-
spectively analyzed. Patients were excluded if they met the
following criteria: (1) obesity (BMI > 30), (2) anorexia (BMI
< 17.5), (3) endocrine disorders (including PCOS, reduced
ovarian reserve defined by the Bologna criteria [9], premature
menopause, hypothalamic amenorrhea, congenital adrenal hy-
perplasia), (4) diabetes mellitus, and (5) chronic inflammation.
Additionally, sperm with paternal congenital disease or malfor-
mation was excluded. Indications for PBB were (a) increased
maternal age, (b) known numerical or structural chromosomal
aberrations, (c) implantation failure (three or more), or (d) re-
current miscarriage. The samples were classified in oocytes
with PBB conducted (BPBB^; 38 women with 202 embryos)
and not conducted (Bcontrol^; 41 women with 202 embryos).
Patients in the control group also had indications for PBB;
however, they refused the PBB analysis due to ethical or per-
sonal reasons. The groups were matched for maternal age at
time of oocyte retrieval, since PBB is most commonly used
with advanced maternal age and a concomitant reduced oocyte
quality [10]. After PBB analysis, only euploid embryos were
selected for transfer. The age distribution in both groups is
identical, by month, to assure comparability between the two
groups. Outcome of treatment procedure is displayed in Fig. 1.

Data was collected from the IVF institution BDas
Kinderwunsch Institut Schenk GmbH^ in Dobl, Austria, from
September 2013 to June 2015. An informed consent was ob-
tained from each woman. The study was approved by the eth-
ical committee of the Medical University of Graz, Austria (ap-
proval number: 20-492 ex08/09).

Ovarian stimulation protocol

All women included in the study underwent GnRH antagonist
protocol controlled ovarian hyperstimulation. Patients re-
ceived recombinant human follicle-stimulating hormone
(Puregon; MSD Sharp & Dohme GMBH) for 5 days with
dosage adaption according to age, weight, sAMH concentra-
tion, and hormonal status [11, 12]. Trans-vaginal sonography
was performed after 5 days of stimulation and on the day of
oocyte retrieval. Ultrasonographical measurement was per-
formed using a RIC 5-9-D 4D intravaginal probe of a GE
Voluson E8 BT09 ultrasound machine (both from GE
Healthcare Austria GmbH). GnRH antagonist (Cetrotide,
Merck KGaA) was injected to avoid premature ovulation.
Triggering was initiated 35 h before oocyte retrieval, admin-
istered with 5000–10,000 IU human chorionic gonadotropin
(hCG) subcutaneously (Pregnyl, N.V. Organon), with dosage
adaption according to body weight of the patient [11].

Oocyte retrieval and fertilization

Oocyte retrieval was performed as previously described by
Schenk and coworkers [13]. Briefly, follicles larger than
10 mm in diameter were aspirated and flushed (Flushing me-
dium GM501 Flush; Gynemed Medizinprodukte GmbH &
Co. KG) under sedation (Propofol, Fresenius Kabi Austria
GmbH; Rapifen, Janssen-Cilag Pharma GmbH) and
transvaginal ultrasound guidance (GE Healthcare Austria
GmbH) with a Steiner-Tan needle 17 gauge and a Steiner
flush/valve (IVFETFLEX.com, HandelsgmbH & Co KG).
Follicular fluid (FF) and flushing volumes were examined
for oocytes under constant conditions of 37 °C in an IVF
workstation L24E with heating stage (K-SYSTEMS Kivex
Biotec A/S). ICSI was performed on all MII oocytes 4–5 h
after oocyte retrieval according to our standard operating pro-
cedure in both groups of patients. The method of collection
and storage of FF as well as other body liquids within the
frame of IVF (blood serum, cumulus cells, seminal plasma,
embryo culture supernatant) was previously described by
Schenk et al. [14, 15].

Time-lapse incubation and embryo analysis

After oocyte retrieval and fertilization, oocytes were cultivated
in universal culture medium (Gynemed Medizinprodukte
GmbH & Co. KG, Germany) in a Forma CO2 incubator
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(Thermo Fisher Scientific, USA). After 14–16 h, fertilization
check was performed. All normal fertilized embryos with two
pronuclei (PN) were then cultured using Embryoslide dishes
in Embryoscope® time-lapse incubator (both Vitrolife AB,
Sweden) with 21% oxygen concentration. In the PBB con-
ducted group, zygotes were transferred into the
Embryoscope after biopsy. With the built-in camera and mi-
croscope, images of the developing embryo were taken every
15 min in seven different layers. Definition of morphokinetic
parameters was performed according to the criteria proposed
by Ciray et al. [8] (Table 1) and was analyzed with software
developed for time-lapse image analysis (Embryoviewer®
software; Vitrolife AB, Sweden).

Polar body biopsy

Both first and second polar bodies were simultaneously
biopsied on all zygotes with two PN 14–16 h after ICSI.
PBs were biopsied in HEPES-buffered medium (Gynemed
GmbH & Co. KG, Germany). The zygote was rotated and
fixed to a 9-o’clock position using a holding pipette (5 μm
in diameter) (Microtech IVF S.r.o., Czech Republic) and PBs’
position was at 11 o’clock. The zona pellucida was opened
using a laser shot system (Octax Microscience GmbH,

Germany) near the PBs which were aspirated with a biopsy
pipette (Microtech IVF S.r.o.) and subsequently transferred
into a 0.2-ml PCR tube (vWR International GmbH,
Germany) filled with 4.5 μl nuclease-free water (Promega
GmbH, Germany). PBs were stored at 2–8 °C until compara-
tive genomic hybridization (CGH) analysis.

Whole genome amplification and array CGH

Genetic analysis via whole genome amplification and CGH
was performed by Single Cell Dimensions Genetics for Life
GmbH, Graz, Austria, according to the manufacturer’s proto-
cols. Results were provided within 48 h.

Embryo transfer

After transabdominal ultrasound guidance (GE Healthcare
Austria GmbH), a maximum of two euploid embryos were
transferred on day 2, 3, 4, or 5 using an embryo transfer cath-
eter set (Labotect Labor Technik Göttingen GmbH,
Germany). The Istanbul consensus by the Alpha Executive
and ESHRE Special Interest Group of Embryology [7] was
used as morphology assessment criteria to select best viable
embryos. The decision for the day of transfer was dependent
on the embryo development, number of embryos, and the day
when the genetic analysis was received. Embryos with PBB
are usually transferred on day 4 to avoid premature blastocyst
hatching. Double embryo transfer was performed seven times
in the PBB group and ten times in the control group on explicit
request of the patients. If more than one embryo was suitable
for transfer and no double ET was requested, remaining em-
bryos were cryopreserved using the Kitazato vitrification sys-
tem (Kitazato Corporation, Japan). There is no follow-up on
the outcome of the frozen embryos since only fresh cycles
were used for this study.

Table 1 Morphokinetic variables and proposed definitions adapted
from Ciray et al. (8)

Time Definition of expected events

t0 Time of IVF or mid-time of micro/injection (ICSI/IMSI)

tPN Fertilization status is confirmed

tPNf Time of pronuclei disappearance; tPN1f; tPN2f

t2 to t9 2 to 9 discrete cells

tMor End of compaction process (last frame before cavity formation)

Fig. 1 Flow chart showing the embryo outcome, selection, and quantity.
The embryos were divided in one group with PBB conducted and one
without (= control). A follow-up on transferred embryos was done by
examiningβ-hCG test and implantation events. Embryos with no transfer

were either discarded or cryopreserved according to embryonal
development (both groups) and the genetic status (PBB group). The
treatment procedure is illustrated top down
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Statistical analysis

Continuous variables were reported by means ± standard de-
viations (SD), whereas count data were summarized using
absolute frequencies and percentages. Comparisons between
groups were done for categorical data by using the chi-square
test or Fisher exact test. Continuous variables were examined
for normality by the Kolmogorov-Smirnov test and the
Shapiro-Wilk test with Lilliefors significance correction as
well as by visual data inspection using Q-Q plots.
Relationships between continuous variables were checked
with Pearson’s correlation coefficients. Linear mixed effects
models were performed to deal with random effects and with
unequal sample sizes for time-lapse data. The linear mixed
effects models were performed as restricted maximum likeli-
hood (REML) approach [16]. Time in minutes to reach a spe-
cific developmental stage, measured with time-lapse technol-
ogy, was the dependent variable in the model. Polar body
biopsy conducted or not conducted was included as fixed
between-group effect and developmental markers (tPNf, t2,
t3, t4, t5, t6, t7, t8, tMor) as within-group effect. Interaction
effects between biopsy and developmental markers were also
considered in the model as well as the patient ID as person-
specific random effect. A first-order autoregressive covariance
structure was used for calculation of significant differences
between groups and interactions. The model selection process
to define the appropriate covariance structure of the repeated
effect and the random effect was based on Akaike information
criterion (AIC) and Bayesian information criterion (BIC), in-
dices of relative goodness-of-fit for the linear mixed effects
model, whereas the latter criterion takes the estimation of the
covariance parameters more severely into account. A two-
tailed p value of less than p < 0.05 was considered as statisti-
cally significant. All statistical tests were performed using
SPSS version 23.0 (SPSS Inc., Chicago, IL) and GraphPad
Prism version 6.05 (GraphPad Software, San Diego, USA) for
visualizations.

Results

Patients’ characteristics

Female patients undergoing fertility treatment were 37.4 ±
3.39 years old and had a BMI of 23.7 ± 4.74 kg/m2. The num-
ber of oocytes obtained during oocyte retrieval varied between
one and nine oocytes. A total of 404 embryos were analyzed.

Outcome of treatment procedure is displayed in Fig. 1. In
the PBB group, 42 (20.8%) embryos were transferred com-
pared to 43 (21.3%) embryos in the control group. From 85
transferred embryos, 6 were transferred on day 2 (control: 5;
PBB: 1), 29 on day 3 (control: 20; PBB: 9), 37 on day 4
(control: 8; PBB: 29), and 13 on day 5 (control: 10; PBB:

3), according to the respective embryo quality and develop-
ment. Transfer success was equal in both groups (p = 1.000).
In the PBB group, 160 embryos were not transferred (146
discarded, 14 cryopreserved) compared to 159 embryos in
the control group (122 discarded, 37 cryopreserved).

From the patients with a transferred embryo, 11 (26.2%)
patients became pregnant confirmed by a positive beta hCG in
the PBB group versus 9 (20.9%) patients in the control group.
PBB did not influence chemical pregnancy rates (p = 0.798).
In the PBB conducted group, 6 (14.3%) embryos successfully
implanted and reached 12th week of gestation as compared
with 7 (16.7%) embryos in the control group. All comparisons
between groups revealed no significant results. Both groups
reached equal pregnancy rates (p = 1.000).

Embryo morphokinetics

The variable effects of group (PBB vs. control), developmen-
tal markers, and interaction terms to reach a specific develop-
mental stage were evaluated. Time values were started to be
measured 14–16 h after ICSI and after PBB in the time-lapse
incubator. The time of pronuclei disappearance (tPNf) was the
first parameter detected.

In general, time in minutes to reach the developmental
stages/markers tPNf, t2, t3, t4, t5, t6, t7, t8, and tMor, mea-
sured with time-lapse technology, differed significantly be-
tween the various time points (p < 0.001). However, there
are no differences between biopsy conducted or control (main
effect group: p = 0.964). Furthermore, mean group times for
reaching tPNf, t2, t3, t4, t5, t6, t7, t8, and tMor showed no
significant difference comparing PBB embryos and control
(p = 0.872) (Table 2). Likewise, further subdivision of the
PBB group in euploid and aneuploid embryos did not show
any differences in reaching the developmental stages between
aneuploid, euploid, and control group (p = 0.281) (Fig. 2,
Table 3).

Analysis of chromosomal aberrations

Numerical as well as unbalanced structural chromosome ab-
errations were analyzed using array CGH. In total, 202 zy-
gotes underwent PBB, from which 176 (87%) polar body
biopsies were genetically tested and 26 (13%) could not be
analyzed due to, e.g., insufficient DNA quality. From 176
PBB analyses, 44 (25%) were euploid, whereas 132 (75%)
were aneuploid. Figure 3a shows the distribution of chromo-
somal aberrations (gains and losses) present in the tested polar
bodies. Most alterations concerned chromosome 21, followed
by chromosomes 4, 16, 19, 18, and 22. Predominant gains
were found for chromosomes 9, 11, 20, and 22. By contrast,
no aberrations were found for chromosome X. Slightly more
losses than gains of chromosomal DNA were observed in
chromosomes 4, 13, 18, 19, and 21.
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Further analysis revealed that aberrations tend to concern
the whole chromosome, but also partial alterations in individ-
ual chromosomes were observed (Fig. 3b). Single loss of
chromosomes 21, 18, and 13 in the polar body—pointing to
a corresponding trisomy in the oocyte—summed up to
11.36% of all aneuploid polar bodies.

Discussion

Using modern time-lapse technology, the current study is the
first one addressing the influence of PBB on morphokinetics
of early embryo development. The data provided evidence
that PBB does not affect achievement of the distinct
morphokinetic stages tPNf, t2–t9, and tMor. Furthermore,
we revealed that embryo transfer rates, biochemical pregnan-
cy rates, and implantation events were not influenced by PBB
and added knowledge about the distribution of chromosomal
aberrations in aneuploid embryos.

The invention of PB-based aneuploidy screening in 1990 by
Verlinsky et al. [17] offered the possibility to detect unbalanced
structural and numeric chromosome aberrations and genetic
diseases, respectively. Compared to embryo biopsy techniques
like TE biopsy or blastomere biopsy, PBB is less invasive, since
it only comprises the removal of PBs that display waste prod-
ucts of meiosis of the oocyte [2]. Furthermore, a fresh embryo
transfer can be considered by using this technique, making it a
valuable alternative compared to other embryo biopsymethods.

However, safety and applicability of the PBB procedure are
controversially discussed in the literature. To date, no sufficient-
ly powered studies revealed a negative impact on embryo de-
velopment after a PBB approach. According to the ESHRE
Consortium, the practice of PBB has been controversial and
dropped over the last years [18]; however, a proof-of-
principle study by the ESHRE PGS task force indicated a ploi-
dy prediction of oocytes with acceptable accuracy by array
CGH analysis of both PBs [19]. Numerous researchers support
PBB, especially in countries like Austria or Switzerland, where
PBB is one of the only legal alternatives for genetical screening.
Despite conflicting results, studies revealed that quality param-
eters, such as neonatal outcome [20] or embryo development
[21], were not influenced by PBB. These findings are in line
with our results, confirming the safety and practicability of the
PBB approach. Additionally, our data suggest no differences in
biochemical pregnancy rates, as measured by positive beta
hCG, and implantation events (as measured by ultrasound),
which further favors the application. Even though embryos
selected by PBB are thought to improve pregnancy rates, the
influence of maternal age on the successful outcome in fertility
treatment can never be disregarded.

Genetic screening of the PBs exhibited that the majority
(75%) of the tested oocytes contain an altered chromosome
set. Aneuploidy is the leading genetic cause of human miscar-
riage and the majority result from nondisjunction events dur-
ing maternal meiosis I [22]. Most aberrations—mainly
losses—were detected concerning chromosome 21 within
the PB, which point to a trisomic oocyte. This is consistent
with the fact that trisomy 21 is the most common aneuploidy,
followed by trisomy 18 [23]. In general, autosomal trisomies
are not compatible with life and aneuploidies are responsible
for around one-third of all pregnancy losses [22]. But there are
few exceptions like trisomy 21, trisomy 18, and trisomy 13
that refer to Down’s syndrome, Patau’s syndrome, and
Edwards’ syndrome, respectively [24]. Hence, they are of
great clinical relevance. We detected the presence of these
trisomies in 11.36% of all aneuploid oocytes, leading to the
suggestion that PBB may be a powerful tool to prevent the
occurrence of these birth defects. Furthermore, the possibility
of detecting all chromosome aberrations makes PBB favor-
able to select the most promising oocytes, thereby avoiding
embryo overproduction and assuring a transfer of a euploid
embryo to the patient.

Table 2 Effect of group (biopsy
conducted or not conducted),
developmental markers (tPNf, t2,
t3, t4, t5, t6, t7, t8, tMor), and
interaction terms on time in
minutes to reach a specific
developmental stage, measured at
time lapse

Variable Numerator df Denominator df F p

Intercept 1 10.326 4451.896 p < 0.001

Group 1 74.290 0.002 0.964

Developmental markers 8 2190.267 1034.572 p < 0.001

Group * developmental markers 8 2189.992 0.478 0.872

Linear mixed model; type III tests of fixed effects

Fig. 2 Group comparison for embryo developmental stages over time (h)
for the groups Baneuploid,^ Beuploid,^ and Bcontrol.^ The time
parameters of all three groups do not significantly differ and show
almost identical values
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The impact on biopsy on human embryo developmental
potential during PGT was reviewed by Cimadomo et al., fa-
voring the blastocyst stage biopsy as alternative way of genet-
ic testing [25]. Nowadays, TE biopsy is a commonly used
method for aneuploidy screening, comprising both maternal
and paternal origins of aberrations. However, it was recently
shown that a single TE biopsy at blastocyst stage is statistical-
ly unable to determine embryo ploidy in an accurate way [26]
and the incidence of mosaicism in preimplantation embryos is
also reported up to 90% [27]. Furthermore, blastomere biopsy
has been shown to delay embryo compaction and blastulation
[28] in time-lapse monitoring. In respect to the presented re-
sults, PBB shows a solid alternative with low invasiveness, no
mosaicism-related errors, safe applicability, and no harmful
influence to the embryo development.

Morphokinetic parameters have evolved to become prom-
inent targets for reproductive health research. In numerous
studies, time-lapse technology revealed that timing of cell cy-
cles and times between cell cycles are crucial steps in early
embryonal development. Basile et al. identified that variables
t3 (timing to three discrete cells) or t5 (timing to five discrete
cells) are closely related to successful implantation [29].

Studies have demonstrated that morphokinetic variables can
easily be influenced by detrimental disorders like the
hyperandrogenic polycystic ovarian syndrome (PCOS),
which was shown to cause a delay in t2, t3, t4, and t7 [30].
Additionally, aneuploid embryos exhibited a prolongation of
t2 and t5 [31] and nicotine abuse caused delays in t3, t4, and t5
[32]. Interestingly, high-level mosaicism and structural aber-
rations are also common in good-quality embryos and are not
restricted to arrested or poorly developing embryos [33].
Akarsu et al. [34] evaluated the impact of ovarian reserve
and age on morphokinetic parameters and found tPNf, t2, t3,
and t4 to be shorter in younger patients with normal ovarian
reserve than in older patients. However, Gryshchenko et al.
[35] could not find any morphokinetic differences between
patients younger and older than 40 years. According to our
data, PBB has no impact on the morphokinetic variables tPNf,
t2–t9, and tMor, including the critical time parameters t3 and
t5. Likewise, further subdivision of PBB embryo into euploid
and aneuploid embryos did not show any differences in the
embryonal development, assuming that the genetic status of
the embryo does not influence early embryonal development
as already confirmed by authors like Zhang et al. [36]. An

Fig. 3 Aneuploidy screening. a)
Distribution of chromosomes 1–
22 and chromosome X,
respectively, in respect to the
individual gains and losses,
resulting from the array CGH
analysis. b) Distribution of
chromosomal aberrations is
displayed in respect to which part
of the chromosome is concerned
or if the whole chromosome is
affected

Table 3 Effect of group (euploid,
aneuploid, controls),
developmental markers (tPNf, t2,
t3, t4, t5, t6, t7, t8, tMor), and
interaction terms on time in
minutes to reach a specific
developmental stage, measured at
time lapse

Variable Numerator df Denominator df F p

Intercept 1 13.503 3822.022 p < 0.001

Group 2 211.466 1.218 0.298

Developmental markers 8 2025.748 715.666 p < 0.001

Group * developmental markers 16 2069.825 1.174 0.281

Linear mixed model; type III tests of fixed effects
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interesting side effect of our study was the evaluation of laser
beam influences on embryo development. Debates on the
safety of the laser systems used in biopsy approaches are still
ongoing with contradicting results [37, 38]. However, we pro-
vided evidence that the opening of the zona pellucida with
laser beam had no influence on the morphokinetic parameters
of early embryonal development.

Besides the advantages of PBB, we have to keep in mind
that PBB analysis cannot predict mitotic errors during devel-
opment leading to mosaicism later on; however, to date, there
is no technique available which can exclude the problem of
mosaicism completely. PBB can only evaluate the maternal
contribution to a genetic disease while mitotic and paternal
impacts remain unidentified. The majority of genetic aneu-
ploidies have a maternal origin; however, a total of 10% of
embryonic abnormalities is dedicated to paternal origin or
post-fertilization contribution [39]. Maternal age is proposed
as the main risk factor to predict a successful pregnancy [40],
which was taken into account in the study design. The exact
matching of the oocytes in respect to maternal age (month) at
time of oocyte retrieval allows to reduce the influence of ma-
ternal age on morphokinetic development to a minimum,
which must be considered the main strength of the study.
Due to the small sample size of the study, the results must
be interpreted with caution. Future studies should incorporate
a larger data set to confirm the presented results.

Conclusion

In conclusion, our results clearly showed that PBB does not
impact the morphokinetic parameters of the embryo develop-
ment and suggested no influence on embryo transfer, chemical
pregnancy, and implantation events. Hence, PBB can be safe-
ly applied without the risk of impairing the reproductive po-
tential of the embryo and can be highly recommended as safe
and practicable approach to ensure transfer of euploid embry-
os for the patients, especially in countries with prevailing legal
restrictions in PGTanalysis. The current results raise the ques-
tion if we have reached the gold standard in PGTanalysis yet,
since a risk in prediction and detection of genetic mosaicism
obviously remains also in modern technologies like TE biop-
sy. It is tempting to speculate that PBB is about to regain
attention for future studies of aneuploidy testing.

Acknowledgements The authors want to thank the team of Das
Kinderwunsch Institut Schenk GmbH for their valuable help and
expertise.

Compliance with ethical standards

An informed consent was obtained from each woman. The study was
approved by the ethical committee of the Medical University of Graz,
Austria (approval number: 20-492 ex08/09).

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. De Rycke M, Belva F, Goossens V, Moutou C, SenGupta SB,
Traeger-Synodinos J, et al. ESHRE PGD Consortium data collec-
tion XIII: cycles from January to December 2010 with pregnancy
follow-up to October 2011. Hum Reprod Oxf Engl. 2015;30(8):
1763–89.

2. Montag M, Köster M, Strowitzki T, Toth B. Polar body biopsy.
Fertil Steril. 2013;100(3):603–7.

3. Geraedts J, Sermon K. Preimplantation genetic screening 2.0: the
theory. MHR Basic Sci Reprod Med. 2016;22(8):839–44.

4. Nicolaidis P, Petersen MB. Origin and mechanisms of non-
disjunction in human autosomal trisomies. Hum Reprod Oxf
Engl. 1998;13(2):313–9.

5. VerMilyea MD, Tan L, Anthony JT, Conaghan J, Ivani K,
Gvakharia M, et al. Computer-automated time-lapse analysis re-
sults correlate with embryo implantation and clinical pregnancy: a
blinded, multi-centre study. Reprod BioMed Online. 2014;29(6):
729–36.

6. Swain JE. Could time-lapse embryo imaging reduce the need for
biopsy and PGS? J Assist Reprod Genet. 2013;30(8):1081–90.

7. Alpha Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology. The Istanbul consensus workshop
on embryo assessment: proceedings of an expert meeting. Hum
Reprod Oxf Engl. 2011;26(6):1270–83.

8. Ciray HN, Campbell A, Agerholm IE, Aguilar J, Chamayou S,
Esbert M, et al. Proposed guidelines on the nomenclature and an-
notation of dynamic human embryo monitoring by a time-lapse
user group. Hum Reprod Oxf Engl. 2014;29(12):2650–60.

9. Ferraretti AP, La Marca A, Fauser BCJM, Tarlatzis B, Nargund G,
Gianaroli L, et al. ESHRE consensus on the definition of Bpoor
response^ to ovarian stimulation for in vitro fertilization: the
Bologna criteria. Hum Reprod Oxf Engl. 2011;26(7):1616–24.

10. Chen C-K, Yu H-T, Soong Y-K, Lee C-L. New perspectives on
preimplantation genetic diagnosis and preimplantation genetic
screening. Taiwan J Obstet Gynecol. 2014;53(2):146–50.

11. Fauser BCJM, Diedrich K, Devroey P, Evian Annual Reproduction
Workshop Group 2007. Predictors of ovarian response: progress
towards individualized treatment in ovulation induction and ovarian
stimulation. Hum Reprod Update. 2008;14(1):1–14.

12. Alviggi C, Humaidan P, Ezcurra D. Hormonal, functional and ge-
netic biomarkers in controlled ovarian stimulation: tools for
matching patients and protocols. Reprod Biol Endocrinol RBE.
2012;10:9.

13. Schenk M, Kröpfl JM, Obermayer-Pietsch B, Feldmeier E, Weiss
G. Anti-Mullerian hormone concentrations in individual follicular
fluids within one stimulated IVF cycle resemble blood serum
values. J Assist Reprod Genet. 2017;34:1115–20.

14. Huppertz B, BayerM,Macheiner T, Sargsyan K. BiobankGraz: the
hub for innovative biomedical research. Open J Bioresour
[Internet]. 2016 Jul 22 [cited 2017 Dec 18];3(1). Available from:
https://doi.org/10.5334/ojb.20/

J Assist Reprod Genet (2018) 35:1521–1528 1527

https://doi.org/10.5334/ojb.20/


15. Schenk M, Huppertz B, Obermayer-Pietsch B, Kastelic D,
Hörmann-Kröpfl M, Weiss G. Biobanking of different body fluids
within the frame of IVF—a standard operating procedure to im-
prove reproductive biology research. J Assist Reprod Genet 2016

16. Littell RC, Pendergast J, Natarajan R. Modelling covariance struc-
ture in the analysis of repeated measures data. Stat Med.
2000;19(13):1793–819.

17. Verlinsky Y, Ginsberg N, Lifchez A, Valle J, Moise J, Strom CM.
Analysis of the first polar body: preconception genetic diagnosis.
Hum Reprod Oxf Engl. 1990;5(7):826–9.

18. Harper JC, Wilton L, Traeger-Synodinos J, Goossens V, Moutou C,
SenGupta SB, et al. The ESHREPGDConsortium: 10 years of data
collection. Hum Reprod Update. 2012;18(3):234–47.

19. Geraedts J, Montag M, Magli MC, Repping S, Handyside A,
Staessen C, et al. Polar body array CGH for prediction of the status
of the corresponding oocyte. Part I: clinical results. Hum Reprod
Oxf Engl. 2011;26(11):3173–80.

20. Eldar-Geva T, Srebnik N, Altarescu G, Varshaver I, Brooks B,
Levy-Lahad E, et al. Neonatal outcome after preimplantation ge-
netic diagnosis. Fertil Steril. 2014;102(4):1016–21.

21. Montag M, van der Ven K, Rösing B, van der Ven H. Polar body
biopsy: a viable alternative to preimplantation genetic diagnosis and
screening. Reprod BioMed Online. 2009;18(Suppl 1):6–11.

22. Hassold T, Hunt P. To err (meiotically) is human: the genesis of
human aneuploidy. Nat Rev Genet. 2001;2(4):280–91.

23. Cereda A, Carey JC. The trisomy 18 syndrome. Orphanet J Rare
Dis. 2012;7:81.

24. Savva GM, Walker K, Morris JK. The maternal age-specific live
birth prevalence of trisomies 13 and 18 compared to trisomy 21
(Down syndrome). Prenat Diagn. 2010;30(1):57–64.

25. Cimadomo D, Capalbo A, Ubaldi FM, Scarica C, Palagiano A,
Canipari R, et al. The impact of biopsy on human embryo develop-
mental potential during preimplantation genetic diagnosis. BioMed
Res Int [Internet]. 2016 [cited 2017 Mar 1];2016. Available from:
https://www-1ncbi-1nlm-1nih-1gov-1pubmed.han.medunigraz.at/
pmc/articles/PMC4749789/

26. Gleicher N, Metzger J, Croft G, Kushnir VA, Albertini DF, Barad
DH. A single trophectoderm biopsy at blastocyst stage is mathe-
matically unable to determine embryo ploidy accurately enough for
clinical use. Reprod Biol Endocrinol RBE. 2017;15(1):33.

27. Capalbo A, Ubaldi FM, Rienzi L, Scott R, Treff N. Detecting mo-
saicism in trophectoderm biopsies: current challenges and future
possibilities. Hum Reprod Oxf Engl. 2017;32(3):492.

28. Bar-El L, Kalma Y,MalcovM, Schwartz T, Raviv S, Cohen T, et al.
Blastomere biopsy for PGD delays embryo compaction and

blastulation: a time-lapse microscopic analysis. J Assist Reprod
Genet. 2016;33(11):1449–57.

29. Basile N, Vime P, Florensa M, Aparicio Ruiz B, Garcia Velasco JA,
Remohi J, et al. The use of morphokinetics as a predictor of im-
plantation: a multicentric study to define and validate an algorithm
for embryo selection. Hum Reprod. 2015;30(2):276–83.

30. Wissing ML, Bjerge MR, Olesen AIG, Hoest T, Mikkelsen AL.
Impact of PCOS on early embryo cleavage kinetics. Reprod
BioMed Online. 2014;28(4):508–14.

31. Chawla M, Fakih M, Shunnar A, Bayram A, Hellani A, Perumal V,
et al. Morphokinetic analysis of cleavage stage embryos and its
relationship to aneuploidy in a retrospective time-lapse imaging
study. J Assist Reprod Genet. 2015;32(1):69–75.

32. Freour T, Masson D, Mirallie S, Jean M, Bach K, Dejoie T, et al.
Active smoking compromises IVF outcome and affects ovarian
reserve. Reprod BioMed Online. 2008;16(1):96–102.

33. Mertzanidou A,Wilton L, Cheng J, Spits C, Vanneste E, Moreau Y,
et al. Microarray analysis reveals abnormal chromosomal comple-
ments in over 70% of 14 normally developing human embryos.
Hum Reprod Oxf Engl. 2013;28(1):256–64.

34. Akarsu S, Gode F, Isik AZ, Celenk H, Tamer FB, Erkilinc S.
Comparison of themorphokinetic parameters of embryos according
to ovarian reserve in IVF cycles. Gynecol Endocrinol. 2017:1–4.

35. Gryshchenko MG, Pravdyuk AI, Parashchyuk VY. Analysis of fac-
tors influencing morphokinetic characteristics of embryos in ART
cycles. Gynecol Endocrinol. 2014;30(sup1):6–8.

36. Zhang J, Tao W, Liu H, Yu G, Li M, Ma S, et al. Morphokinetic
parameters from a time-lapse monitoring system cannot accurately
predict the ploidy of embryos. J Assist Reprod Genet. 2017
Sep;34(9):1173–8.

37. Levin I, Almog B, Shwartz T, Gold V, Ben-Yosef D, Shaubi M, et
al. Effects of laser polar-body biopsy on embryo quality. Fertil
Steril. 2012;97(5):1085–8.

38. Macas E, Xie M, Schaufelberger S, Merki-Feld GS, Stiller R,
Imthurn B. Vitrification of human single pronuclear oocytes follow-
ing two approaches to polar body biopsy. Reprod BioMed Online.
2011;22(4):376–81.

39. Hassold T, Hall H, Hunt P. The origin of human aneuploidy: where we
have been, where we are going. HumMolGenet. 2007;16(2):R203–8.

40. Wright VC, Chang J, Jeng G, Macaluso M, Centers for Disease
Control and Prevention (CDC). Assisted reproductive technology
surveillance—United States, 2005.MorbMortalWkly Rep Surveill
Summ Wash DC 2002. 2008;57(5):1–23.

1528 J Assist Reprod Genet (2018) 35:1521–1528

https://www-1ncbi-1nlm-1nih-1gov-1pubmed.han.medunigraz.at/pmc/articles/PMC4749789/
https://www-1ncbi-1nlm-1nih-1gov-1pubmed.han.medunigraz.at/pmc/articles/PMC4749789/

	Impact of polar body biopsy on embryo morphokinetics—back to the roots in preimplantation genetic testing?
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Patients
	Ovarian stimulation protocol
	Oocyte retrieval and fertilization
	Time-lapse incubation and embryo analysis
	Polar body biopsy
	Whole genome amplification and array CGH
	Embryo transfer
	Statistical analysis

	Results
	Patients’ characteristics
	Embryo morphokinetics
	Analysis of chromosomal aberrations

	Discussion
	Conclusion
	References


