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Time-lapse imaging reveals
differences in growth dynamics
of embryos after in vitro
maturation compared with
conventional stimulation
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Objective: To study the impact of in vitro maturation (IVM) on embryonal development with the use of time-lapse imaging.
Design: Retrospective case-control study.

Setting: University hospital.

Patient(s): In total, 294 embryos were cultured after intracytoplasmic sperm injection treatment of three groups: patients with poly-
cystic ovary syndrome (PCOS) and IVM (n = 105; group 1 [G1]), patients after conventional stimulation without PCOS (n = 115; G2) and
with PCOS (n = 74; G3). In total, 171 embryos were finally analyzed (57 G1, 65 G2, and 49 G3).

Intervention(s): Data of 23 PCOS patients (30 IVM cycles) from January 2012 to July 2015 were matched according to age and number
of oocytes to patients after conventional stimulation without PCOS (n = 30; 30 cycles) and with PCOS (n = 16; 19 cycles). Markers of
embryo development were analyzed at different time points. Pregnancy rates (PRs) and live birth rates (LBRs) were recorded.

Main Outcome Measure(s): Morphokinetic differences in embryo development after VM compared with conventional stimulation
with or without PCOS.

Result(s): The rate of good-quality embryos was significantly lower in G1. Embryo development in G1 was significantly accelerated to
the time of appearance of two pronuclei but slowed down by the time of reaching 6-cell stage and remained slower compared with
embryos of G2 and G3. PRs as well as LBRs did not differ significantly among the study groups.

Conclusion(s): Although growth dynamics of embryos from G1 differ from G2 and G3 and the rate of good-quality embryos was lower in [VM
embryos, PRs and LBRs did not differ significantly. (Fertil Steril® 2017;107:606-12. ©2016 by American Society for Reproductive Medicine.)
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tablished reproductive technique,
particularly for patients with polycy-
stic ovary syndrome (PCOS) or at high
risk of ovarian hyperstimulation syn-

I n vitro maturation (IVM) is a well es-

drome (OHSS) (1), with a live birth rate
(LBR) from 16.5% to 23.5% (2). However,
the method is applied in only a few IVF
clinics worldwide, because it requires
a more intense workload and has
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lower success rates than conventional
in vitro fertilization (IVF)/intracytoplas-
mic sperm injection (ICSI). IVM is mainly
applied in PCOS women at high risk of
OHSS during hormonal stimulation for
IVE/ICSI (3). Besides the OHSS risk,
PCOS patients are known to have an
abnormal follicle recruitment as well as
disturbed oocyte maturation and devel-
opment (4-6). Therefore, evaluation of
embryo development after IVM seems
to be of particular interest for PCOS
patients, because IVM of oocytes
before fertilization might lead to a
different developmental competence of
the resulting embryo, which could be
reflected by developmental kinetics,
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such as cell-cycle lengths and timing of morphokinetic events
during the preimplantation phase.

Routine clinical time-lapse imaging (TLI) was established
in 2008 and since then has emerged as a noninvasive method
to analyze morphokinetic events underlying developmental
processes at high temporal resolution for up to 5-6 days of
embryo development (7-9). Several time intervals during
TLI have been proposed as predictive factors for good-
quality embryos (GQEs); e.g., timing of pronuclear (2PN)
breakdown, cleavage times during the first three rounds of
mitosis, and the time span between ICSI and 5-cell embryo
formation (10-14). A prospective randomized double-
blinded controlled study including 843 infertile couples
showed a higher ongoing pregnancy rate (PR) of 51.4% in
the TLI group with the use of predictive factors compared
with 41.7% in the conventional incubation group with the
use of standard embryo assessment (10).

There is evidence that embryos from PCOS women have a
decelerated development from ICSI to 2PN breakdown, first
cleavage, and cleavage to 3 and 4 cells compared with women
without PCOS (4). This difference disappeared after the 7-cell
stage (4). Most recently, Walls et al. published data concern-
ing morphokinetic parameters of embryos derived from
IVM-PCOS patients compared with PCOS patients with con-
ventional ICSI. They were able to demonstrate that the em-
bryos from the PCOS-IVM group showed a higher degree of
multinucleation and a higher rate of embryo arrest (11).

To analyze different end points during embryo develop-
ment in PCOS patients undergoing IVM or conventional
ICSI, we analyzed morphokinetic events with the use of TLI
and added a second control group consisting of non-PCOS
ICSI patients. We hypothesized that both IVM and PCOS
affect embryo development, which might be detected by
monitoring cleavage kinetics. In addition, PRs and LBRs of
the study population were recorded.

MATERIALS AND METHODS
Data Collection Study Population

The data of 23 IVM patients with clinically proven PCOS ac-
cording to the Rotterdam criteria (12) and an additional male
infertility factor due to abnormal spermiogram according to
World Health Organization criteria (13) or a fertilization failure
in a former IVF attempt, attending the Department of Gyneco-
logic Endocrinology and Fertility Disorders, Ruprecht-Karls
University Heidelberg from January 2012 to July 2015, were
collected. IVM was offered to all PCOS patients, explaining
the possible advantages (e.g., avoiding OHSS) and disadvan-
tages (e.g., possible imprinting defects). In a process of shared
decision making, patients had free choice to opt for an IVM
or conventional ICSI cycle. Each PCOS patient undergoing an
IVM treatment followed by ICSI (n = 30; group 1 [G1]) was
matched according to age and number of oocytes by patients
without PCOS and conventional hormonal stimulation fol-
lowed by ICSI due to male factor infertility (n = 30; group 2
[G2]) who attended our department during the same time
period. In addition, the data of a second control group were
collected, including 16 patients and 19 cycles with PCOS and
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a male factor for infertility and conventional stimulation fol-
lowed by ICSI (group 3 [G3]).

Hormonal Stimulation and Oocyte Pick-Up

IVM procedures were performed as described previously (1).
Briefly, after 3 days of stimulation with the use of 125 IU
FSH per day (Puregon; MSD), ovulation was induced with
the use of 250 ug recombinant hCG (Ovitrelle; Merck Serono),
and 36 hours later ovum pick-up was performed under
ultrasound-guided control with the use of a 17-gauge needle
and a reduced aspiration pressure of 100 mm Hg (Cook).

Oocytes that were mature on the day of ovum pick-up
36 hours after ovulation trigger were inseminated on the
same day. Immature oocytes were initially collected in Med-
icult IVM System (82214010A; Origio) LAG medium and sub-
sequently cultured for 24 4 1 hours in Medicult IVM System
IVM medium, supplemented with 0.075 IU/mL FSH (Gonal-F;
Merck-Serono), 0.1 IU/mL hCG (Predalon; MSD), and 10% pa-
tient’s serum according to the manufacturers’ instructions.

In G2, 15 patients underwent a GnRH agonist protocol
and 15 patients a GnRH antagonist protocol, whereas in G3,
9 patients underwent a GnRH agonist protocol in 11 cycles
and 7 patients a GnRH antagonist protocol in 8 cycles.

IVF Laboratory Management: Fertilization,
Embryo Culture, Embryo Grading, and Embryo
Transfer

Insemination was performed by means of ICSI in Sydney IVF
Gamete Buffer (K-SIGB-50; Cook Medical). Immediately after
the ICSI procedure all inseminated oocytes were placed indi-
vidually in an Embryoslide (Vitrolife) prefilled and -equili-
brated with the use of Sydney IVF Cleavage Medium
(K-SICM-20; Cook Medical) covered with paraffin oil
(10100060A; Origio), and cultured in an Embryoscope time-
lapse incubation system (Vitrolife) with an atmosphere of
5.0% 0O, and 6.4% CO,. The concentration of CO, was set to
adjust the pH of the culture medium within a range of 7.25-
7.35. Media change was performed on the 3rd day of culture
by replacing the spent medium with preequilibrated Sydney
IVF Blastocyst Medium (K-SIBM-20; Cook Medical). After
medium change, the Embryoslide was reinserted into the
incubator and the culture continued until transfer or
vitrification.

Grading of cleavage-stage embryos on days 2 and 3 was
performed as follows (modified from Balaban et al. [14]):
grade A = embryos with blastomeres of equal size and
cytoplasmic fragmentation <10%; grade B = embryos with
blastomeres of equal size and cytoplasmic fragmentation
10%-25%; grade C = embryos with blastomeres of equal or
unequal size and cytoplasmic fragmentation 26%-500%;
grade D = embryos with fragmentation >50%. Blastocysts
were scored according to Gardner et al. (15).

Good quality embryos (GQEs) were defined as follows: on
day 2, 2- to 4-cell, grade A/B; on day 3, 5- to 8-cell, grade A/
B; on day 4, 9- to 16-cell and grade A/B, compacting or fully
compacted morula; and on day 5, blastocyst grade > 3BB.
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In total, 294 embryos (105 G1, 115 G2, and 74 G3) were
cultured. Presence of 2PN was checked 17 £ 1 hours after
insemination (hpi) and a maximum of up to eight oocytes
with 2PN were incubated up to 5 days according to the
German Embryo Protection Act (Supplemental Table 1; avail-
able online at www.fertstert.org). Supernumerary PN-stage
oocytes were cryopreserved by means of slow freezing (Syd-
ney IVF Cryopreservation Kit, K-SICS-5000; Cook) or vitrifi-
cation (Kitazato Vitrification Media, VT801, 91171).
Supernumerary GQEs, which were not transferred, were cry-
opreserved by means of vitrification.

Embryo transfer was performed with the use of ultra-
sound guidance and a suitable embryo transfer catheter
(Guardia Access K-JETS-7019 or Guardia Access ET
K-JETS-7019-ET; Cook) on day 2-5. Patients had a serum
pregnancy test 14 days after insemination of the oocytes.
The test was considered to be positive when hCG was >10
mlU/mL. Clinical pregnancy was verified with the use of ul-
trasound (visibility of one or more gestational sacs; multiple
gestational sacs were counted as one clinical pregnancy)
10 days after the positive pregnancy test (16).

Time-Lapse Imaging

Embryos after IVM treatment or conventional hormonal stim-
ulation were cultured in a closed time-lapse imaging incu-
bator (Embryoscope; Vitrolife). Images were recorded every
10 minutes in seven focal planes and a z-interval of 15 um.
The time point of insemination was defined as the mid-time
of the ICSI treatment. Time-lapse imaging was started imme-
diately after the ICSI treatment.

Morphokinetic variables were documented in hpi by
means of the Embryoviewer station connected to the Embryo-
scope. Durations of morphokinetic events were provided in
hours. Annotated developmental features included time until
extrusion of polar body 2 (tPB2), appearance (tPNa) and
fading (tPNf) of the two PNs, time to n-cell stage (tn; n =
2-9), time to morula stage (tM), time to start of blastulation
(tSB), time to blastocyst (tB), and time to expanding blastocyst
(tEB). Calculated morphokinetic features included duration of
embryonic cell cycle (ECC) 1 (t2 — tPB2), ECC2 (t4 — t2), ECC3
(t8 — t4), and synchronicity of cell divisions s2 (t4 — t3) and s3
(t8 — t5). PNa was defined as the first frame with a detectable
PN. PNf was defined as the first frame when PNs could no
longer be visualized (17). Embryos were scored as morula if
>90% of the embryo volume was compacted (not considering
excluded blastomeres). SB was defined as the first frame with
visible signs of cavitation. Blastocyst corresponds to blasto-
cyst stage 2 according to Gardner et al. (15). Expanding blas-
tocyst was defined as the first frame with a visible thinning of
the zona pellucida (17). Data were calculated for transferred
embryos and supernumerary embryos that were cryopre-
served on the day of transfer (n = 171).

Statistics

Statistical analysis was performed with the use of IBM SPSS
Statistics for Mac (version 22.0). We analyzed data with the
use of a closed testing procedure (18). Continuous data were

analyzed by means of the Kruskal-Wallis H and Mann-
Whitney U test, all other data with the use of the chi-square
test. P values <.05 were considered to be statistically signif-
icant. Data are presented as figures and tables when
appropriate.

Ethics Approval

The study was approved by the local Ethics Committee of the
Ruprecht-Karls University of Heidelberg.

RESULTS
Study Population

Patient characteristics are presented in Table 1 and differed
significantly regarding antimtllerian hormone levels
(P<.001) but not in age or body mass index (BMI). Only
one PCOS patient in the IVM group suffered from hyperan-
drogenism. Regarding OHSS, two patients from G3 developed
OHSS in the analyzed ICSI cycle, whereas in G1 and G2 no
OHSS was diagnosed.

Time-Lapse Imaging

The number of oocytes retrieved after IVM or conventional
stimulation and maturation, fertilization, and transfer rates
are summarized in Supplemental Table 1 and Figure 1. A total
of 294 2PN oocytes (105 G1, 115 G2, and 74 G3) were kept in
culture and 167 2PN oocytes (33 G1, 71 G2, and 63 G3) were
cryopreserved for future use.

In total, 46/105 (43.8%) IVM embryos (G1) were discarded
owing to an abnormal development, as were 50/115 (43.5%)
embryos from G2 and 25/74 (33.8%) embryos from G3.
Criteria for discarding embryos included degeneration, devel-
opmental arrest for > 24 hours and direct cleavage from 1- to
3-cell stage. The number of GQEs was significantly lower
among IVM embryos compared with the control groups
(G1: 21/105 (20.0%); G2: 40/115 (34.8%); G3: 36/74
(48.6%); P<.001; Supplemental Table 1). In G1, 57 embryos
were transferred and two supernumerary GQEs were cryopre-
served on day 2 (n = 1) or 5 (n = 1). Of the 57 transferred em-
bryos, two were not cultured in the Embryoscope and
therefore were not included in the analysis. In G2, 56 embryos
were transferred and nine GQEs were cryopreserved on day 4
(n=1) or5 (n=8).In G3, 39 embryos were transferred and 10
GQEs were cryopreserved on day 4 (n = 4) or 5 (n = 6; Fig. 1).

There was no difference in tPB2 among the groups (Fig. 2;
Supplemental Table 2, available online at www.fertstert.org).
tPNa was significantly different between G1 and G2 as well as
between G1 and G3. Transferred IVM embryos reached tPNa
faster than control ICSI embryos from non-PCOS as well as
PCOS patients (5.55 hpi [G1], 6.61 hpi [G2], and 6.38 [G3];
P<.001; Supplemental Table 2; Fig. 2A). During the next
developmental steps (tPNf, t2 to t5), no significant differences
were present among the study subgroups.

However, embryos from IVM patients (G1) reached t6
significantly later than embryos from PCOS control embryos
(G3), and this deceleration was still present at t7, t8, t9+, tM,
tSB, tB, tEB, ECC2, ECC3, and s3 (Supplemental Table 2;
Fig. 2). In addition, significant differences were present
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TABLE 1

Characteristics of the study population, mean = SD (range).
Group Age (y)

G1 (n = 23 patients) 32.09 + 4.27 (22-41)

G2 (n = 30 patients) 33.47 & 4.16 (26-42)

G3 (n = 16 patients) 34.69 + 4.60 (24-40)
P value ns

BMI (kg/m?) AMH (ng/mL)
26.06 + 6.82 (16.3-42.1) 7.91 + 5.78 (2.19-23.0) (n = 22)°
23.46 4+ 2.65 (19.5-30.1) 2.57 +2.39(0.26-10.35) (n = 28)8'b
25.53 +4.83 (19.0-36.9) 7.98 + 4.28 (3.06-15.00) (n = 12)b

ns ab 001

Note: AMH = antimllerian hormone; BMI = body mass index; G1 = in vitro maturation patients with PCOS; G2 = patients without PCOS; G3 = PCOS patients; n.s. = no significant differences.

2Pp< 001 between G1 and G2 and between G2 and G3.
Roesner. IVM and time-lapse imaging. Fertil Steril 2016.

between G2 and G3 regarding embryo development from the
t7 stage onward, including t8, tM, tSB, tB, tEB, and ECC3
(Supplemental Table 2; Fig. 2).

When comparing embryos from IVM patients with em-
bryos from non-PCOS patients, significant differences
beyond tPNa were present only at ECC3 (Supplemental
Table 2; Fig. 2B). Overall, development of IVM embryos pro-
ceeded faster until tPNa, then slowed down and remained
slow until blastocyst stage. Time to blastulation as well as
time to expanded blastocyst was fastest in embryos from
PCOS control patients (G3). Regarding embryonic cell cycles
and synchronicity of cell cycle lengths, IVM embryos from
PCOS patients (G1) had longer durations than the other study

subgroups, although not all parameters were significantly
different (Fig. 2B).

Pregnancy and Live Birth Rates

The PR in IVM cycles (G1) was lower than in both control
groups (G1: 36.7% [11/30]; G2: 56.7% [17/30]; G3: 47.4%
[9/19]), but this was not significant (P=.299; Supplemental
Table 3, available online at www.fertstert.org). Regarding
clinical PR, the highest success rates were present in the
non-PCOS control group (G2: 56.7%), but again no signifi-
cant difference was present. Accordingly, the LBR in IVM cy-
cles was lower without reaching significance (G1: 20.0%

PCOS IVM group

control group without PCOS

control group with PCOS

(group 1) (group 2) (group 3)
[2]
o
oy n=379 n=342 n=285
o
,,,,,, S I N A e I I I s
[72] =
22 =217 aftor VM oi o
8 (59_1%) 17 .07
”””””””””””””””” n=13 | | n=te8  n=t37 | |
g (61.6%) (63.9%) (67.2%)
= O 3
ks ! ! !
S n=33 n=105 n=71 n=115 n=63 n=74
cryo cultured cryo cultured cryo cultured
v ] v ol v
n=57* n=2 n=46 n=56 n=9 n=50 n=39 n=10 n=25
2 transferred | | cryo at ET discarded transferred | | cryo at ET | discarded transferred | | cryo at ET discarded
5 N N N
UEJ n=57 analyzed n=65 analyzed n=49 analyzed
(n=21 GQE) (n=40 GQE) (n=36 GQE)

Study population and recruitment of the embryos selected for time-lapse imaging. cryo = cryopreserved; ET = embryo transfer; GQE = good-quality

embryos; IVM = in vitro maturation; MIl = metaphase II; PCOS = polycystic ovary syndrome; *Two embryos were not cultured in the Embryoscope.

Roesner. IVM and time-lapse imaging. Fertil Steril 2016.
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[6/30]; G2: 40.0% [12/30 plus one ongoing pregnancy and
three pregnancies with unknown outcome]; G3: 42.1% [8/
19]; P=.159).

DISCUSSION

In this retrospective case-control study, TLI was applied to
embryos of PCOS patients after [IVM or standard ICSI proced-
ure to compare them with embryos of non-PCOS ICSI pa-
tients. [IVM patients had significantly fewer mature oocytes
and a lower rate of GQEs than patients after conventional
stimulation with and without PCOS. Our findings are in
accordance with other data (19-21), because they also
showed that IVM is associated with a lower rate of mature
oocytes compared to conventional IVF or ICSI as well as a
higher rate of embryo arrest compared with PCOS and non-
PCOS patients with conventional ICSI. However, in our study,
PRs and ongoing PRs were the same in all three groups.
Although oocytes from all three groups resumed and
completed meiosis at a similar time, as indicated by tPB2,
tPNa was significantly faster in oocytes derived from IVM
cycles. This suggests that after activation of the oocyte, chro-
matin decondensation and/or pronuclear envelope formation
might be accelerated in oocytes from IVM patients compared
with oocytes after conventional stimulation of non-PCOS pa-
tients and PCOS patients. After PN formation, developmental
rates between the groups were similar until t5. Development
of embryos from IVM patients slowed down after t6. This
might be linked to the finding that “human gene expression
first occurs between the 4- and 8-cell stages of preimplanta-

tion development” (22). The time needed for IVM might there-
fore directly influence embryo development and competence
(23). Although no difference in oocyte morphology between
matured oocytes after [IVM and metaphase II oocytes after
conventional stimulation has been described (24), genes re-
flecting oocyte competence seem to be altered after in vitro
maturation of human oocytes (3). TLI has been studied exten-
sively to predict the developmental competence of embryos
(7-9, 25-29). In the present study, embryos from IVM
patients developed significantly more quickly to tPNa but
slowed down until reaching t6 and then remained slower
compared with conventional ICSI patients with or without
PCOS.

Our study data are in contrast to those of Walls et al. (11),
who did not see any difference in morphokinetic development
between the study populations when comparing embryos pro-
gressing to the blastocyst stage; in particular, no accelerated
or decelerated development was present in IVM embryos in
PCOS compared with non-PCOS patients (11). Our IVM
approach is slightly different from the protocol used by Walls
et al. In contrast to their study, the FSH priming in our study
was performed for only 3 days compared with 3-6 days
(11, 19), and Walls et al. did not trigger ovulation with the
use of hCG (11, 19). The rate of mature oocytes at the day
of oocyte pick-up in our study was low (7/379), so effects of
hCG priming on the overall maturation of oocytes are rather
unlikely. Although the vast majority of retrieved oocytes
were morphologically immature, hCG triggering might, at
least in part, explain the differences in the morphokinetic pa-
rameters. In addition, Walls et al. used a different composition
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of IVM medium, with higher concentrations of FSH and hCG:
rFSH 0.1 IU/mL versus 0.075 IU/mL; hCG 0.5 IU/mL versus 0.1
[U/mL. This may also have led to differences in morphokinetic
patterns compared with our results. Moreover, the selection of
embryos included in the study of Walls et al. was different,
because they only included embryos that developed to blasto-
cysts. Because of national regulations (German Embryo Pro-
tection Act) it was possible to culture only a limited number
of embryos in our study. Supernumerary oocytes were cryo-
preserved at the 2PN stage. Among the remaining cultured
embryos, we included only those that were either transferred
or cryopreserved. Among those were also embryos of poor
quality that did not develop to blastocysts until day 5. These
selection differences might have contributed to the conflict-
ing results. Above all, inclusion criteria for patients were
not the same: Walls et al. included only patients with age
<37 years and BMI <35 kg/m” Therefore, results might
have been influenced by distinctive metabolic disturbances
in patients with BMI >35 kg/m? or age >37 years leading
to a decrease of ovarian reserve.

In our study, embryos from patients with PCOS reached
different time points during early embryo development
significantly faster or slower compared with embryos from
patients without PCOS. Wissing et al. published data indi-
cating that embryos of hyperandrogenic PCOS patients devel-
oped slower than embryos from normoandrogenic PCOS
patients or non-PCOS control subjects (4), whereas no signif-
icant difference was present in early embryo development
analyzed with the use of TLI between normoandrogenic
PCOS patients and control subjects. The differences in embryo
kinetics diminished after the 7-cell stage (4). In our study pop-
ulation, only one IVM patient suffered from hyperandrogen-
ism, so no subgroup analysis was performed according to
differences in androgen concentration. In addition, the differ-
ences in embryo kinetics within our study subgroups persisted
after the 7-cell stage.

Owing to our small study population no significant dif-
ference was present when PRs and LBRs were analyzed. The
highest PR was achieved in the non-PCOS control group
(56.7%). Because of the German Embryo Protection Act, PRs
in Germany may differ from countries with less restrictive
regulations. However, PRs in Germany published in the
German IVF registry (30-32) vary from 28.7% to 30.3%
(2012-2014) and are thus lower than the PRs achieved in
our study population (30.0%-56.7%). Walls et al. reported
CPRs of 43.8% in the IVM and 36.2% in the IVF group and
LBRs of 18.8% (IVM) and 31.0% (IVF), which are in
accordance with our own LBRs (20.0%-42.1%) (11).

A limitation of the present study is the lack of molecular
and genetic data, because [IVM may lead to abnormal follicle
recruitment as well as disturbed oocyte maturation. It is also
assumed that IVM may cause genetic disorders based on
imprinting defects, e.g., Beckwith-Wiedemann or Angelman
syndrome (33). So far, aneuploidy of IVM embryos has been
addressed in several studies, but there is still insufficient
data to demonstrate a higher aneuploidy rate in embryos after
IVM (34, 35). Because of the German Embryo Protection Act,
routine preimplantation genetic screening is not feasible for
IVM patients. However, mature oocytes after IVM did not
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show abnormal methylation patterns (36), and recently we
were able to show that no epigenetic abnormalities in the
umbilical cord blood of children born after IVM treatment
of the mother were present (37), rendering a major genetic
impact on our TLI findings rather unlikely. Furthermore, we
analyzed the development of children conceived with the
use of IVM and found no differences in their development
up to 2 years compared with children conceived after
conventional stimulation for IVF and ICSI (paper
submitted). In addition, other studies dealing with the
outcome of children after IVM found no abnormalities in
anthropometric or mental development data (38-43).
Nevertheless, our data are preliminary and cannot serve as
predictive markers for developmental competence of IVM
embryos yet. Owing to the small sample size of the present
study, further studies including a larger number of IVM
patients are needed to confirm our results and establish
potential morphokinetic time points.

In summary, our findings show that, despite fewer GQEs
in the IVM group, PRs and LBRs were equal in all groups. [IVM
avoids the risks of OHSS, so IVM can be offered to all patients
at high risk for OHSS, e.g., patients with PCOS or after OHSS
in a former cycle with conventional stimulation (44). In our
study we wanted to detect possible morphokinetic variables
that may give us the ability to evaluate embryogenesis for
choosing the best-quality embryo. To interpret the annotated
parameters correctly, knowledge of the influence of patient-
specific characteristics (e.g., PCOS) and different stimulation
protocols (e.g., IVM, conventional stimulation for IVF or
ICSI) on morphokinetics is needed. Our findings will help us
to interpret the results obtained by TLI to increase PR and—
important for patients—LBR.

CONCLUSION

TLI is a noninvasive method to analyze embryo potential and
might give more insight in the early stages of embryo devel-
opment after [IVM compared with conventional stimulation,
thus contributing to the safety of IVM for a select group of pa-
tients. Because of the small sample size of the present study,
further studies with a larger population are needed to confirm
our results.
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SUPPLEMENTAL TABLE 1

Number of oocytes and embryos cultured in vitro.

Embryos cultured per cycle, Embryos transferred per
Group Oocytes, n Maturation rate, n (%) Fertilization rate, n (%) mean * SD (range) cycle, mean * SD (range) GQEs, n (%) Transfers, n (%)
G1 (n = 30 cycles) 379 224 (59.1) 138 (61.6) 3.50 +£ 1.17 (1-6) 1.90 + 0.71 (1-3) 21/105 (20.0) 57/105 (54.3)
G2 (n = 30 cycles) 342 291 (85.1) 186 (63.9) 3.83 £ 1.23 (1-8) 1.87 +£ 0.35 (1-2) 40/115 (34.8) 56/115 (48.7)
G3 (n = 19 cycles) 285 204 (71.6) 137 (67.2) 3.89 + 1.05 (2-5) 2.05 £+ 0.23 (2-3) 36/74 (48.6) 39/74 (52.7)
P value <.001 ns ns ns <.001

Note: G1 = in vitro maturation patients with PCOS; G2 = patients without PCOS; G3 = PCOS patients; GQEs = good quality embryos.
Roesner. IVM and time-lapse imaging. Fertil Steril 2016.

®fuua1s pue Ayjiiay



ORIGINAL ARTICLE: ASSISTED REPRODUCTION

SUPPLEMENTAL TABLE 2

Morphokinetics monitored by time-lapse imaging.

Parameter

tPB2

tPNa

tPNf

2

t3

t4

t5

t6

t7

t8

194

Group

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

G1

G2

G3

n

57

58

46

57

60

49

56

60

46

56

65

49

54

64

47

52

63

45

46

63

45

45

62

44

43

61

43

40

61

43

34

55

39

Mean = SD
(median, range)

328+ 1.16
(3.27, 1.01-8.92)
3.69 £ 1.62
(3.44,1.81-12.76)
3.54 £0.93
(3.41, 1.81-6.06)
5.66 + 1.25
(5.55, 3.69-11.25)
6.93 £ 2.36
(6.61, 3.79-17.13)
6.41 £ 1.19
(6.38, 4.10-9.41)
23.72 + 3.71
(23.70, 17.66-36.88)
2442 £+ 3.65
(23.67, 18.96-36.11)
23.46 + 3.66
(23.19, 16.89-35.90)
26.52 + 3.79
(26.16, 19.99-39.21)
27.85+5.16
(26.51, 22.11-43.02)
26.54 £+ 4.87
(25.79, 19.22-41.23)
37.13 £ 5.37
(37.91, 24.21-48.66)
38.39 +5.35
(37.26, 28.17-53.70)
36.03 £ 3.93
(35.76, 25.93-43.75)
38.34 +£4.94
(38.30, 25.58-51.70)
39.43 +5.39
(37.79, 28.84-54.37)
38.15+6.14
(37.13, 28.59-64.93)
52.14 £9.13
(51.68, 35.28-83.02)
52.53 £8.16
(50.39, 38.68-73.45)
48.79 + 6.00
(49.77, 37.60-65.26)
55.58 +9.54
(53.95, 39.76-83.86)
54.04 £ 8.15
(51.47, 42.74-82.09)
50.96 + 7.30
(50.34, 38.27-70.61)
59.57 £ 10.75
(56.63, 42.07-92.03)
56.91 £ 8.88
(54.70, 44.24-83.09)
52.77 £ 8.58
(51.11, 38.60-76.17)
63.39 + 13.08
(60.02, 42.40-92.70)
59.52 +£10.73
(56.04, 44.58-99.52)
55.02 £9.34
(52.60, 40.65-80.62)
78.28 £ 13.14
(75.06, 55.74-112.05)
73.28 + 10.36
(71.37, 53.27-100.69)
69.95 + 11.53
(70.82, 50.27-111.78)
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Pvalue

.245

<.001

453

.337

121

.364

.07

.028

.004

.005

.024

SUPPLEMENTAL TABLE 2

Continued.

Parameter

t™M G1
G2
G3
tSB G1
G2
G3
B G1
G2
G3
tEB G1
G2
G3
ECC1 G1
G2
G3
ECC2 G1
G2
G3
ECC3 G1
G2
G3
s2 G1
G2
G3
s3 G1
G2

G3

Group

n

34

54

32

29

40

20

19

34

20

12

17

21

56

58

46

52

63

45

40

61

43

52

63

45

40

61

43

Mean + SD
(median, range)

90.34 + 11.51
(90.87, 66.71-113.55)
89.63 £9.17
(89.71, 63.61-106.92)
85.52 + 5.81
(86.72, 73.23-95.32)
101.36 £ 7.82
(102.51, 84.77-113.58)
101.10 £ 7.47
(101.98, 88.55-114.88)
94.84 + 5.64
(93.37, 86.14-107.47)
106.10 £ 5.68
(106.46, 95.32-115.94)
106.86 £ 6.45
(109.00, 93.80-114.52)
100.11 £ 6.67
(98.31,90.38-113.31)
108.98 + 4.47
(108.64, 100.17-114.84)
109.45 £ 4.17
(110.86, 98.51-114.77)
105.69 £ 5.36
(104.54, 96.19-118.29)
23.27 £ 3.44
(16.75-33.96)
23.29 £ 3.12
(17.98-32.24)
22.90 +4.90
(16.33-38.18)
12.11 £ 3.20
(1.00-18.41)
11.90 £ 2.76
(1.83-23.53)
11.97 £ 4.77
(1.68-35.01)
24.87 £ 11.18
(12.50-52.07)
20.12 + 7.64
(11.18-49.58)
17.61 £6.85
(3.67-41.01)
1.33 £2.31
(0.00-10.84)
1.09 £ 2.13
(0.00-13.00)
215+ 4.72
(0.00-24.34)
10.91 £ 10.99
(0.83-45.01)
7.25+7.70
(0.67-31.75)
6.50 £ 7.27
(1.00-29.08)

P value

.038

.003

.002

.022

203

.023

.001

.995

.034

Note: tPB2 = time to extrusion of polar body 2; tPNa = time to appearance of two pronuclei;
tPNf = time to appearance of two pronuclei; tn = time to n-cell stage; tM = time to morula
stage; tSB = time to start of blastulation; tB = time to blastocyst; tEB = time to expanding
blastocyst; ECC = embryonic cell cycle; ECC1 =12 — tPB2; ECC2 = t4 — t2; ECC3 =18 —
t4; s2 = synchronicity of cell divisions t4 — t3; s3 = synchronicity of cell divisions t8 — t5; other
abbreviations as in Supplemental Table 1.

Roesner. IVM and time-lapse imaging. Fertil Steril 2016.
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SUPPLEMENTAL TABLE 3

Success rates in the study population.

Parameter and group d2 d2/3 mix d3 d3/4 mix d4 d5 Total
Pregnancy rate
G1 1/6 11 2/4 M1 0/0 6/18 11 (36.7%)
G2 01 3/3 477 10/19 17 (56.7%)
G3 0/2 1/3 3/5 5/9 9 (47.4%)
P value 299
Biochemical pregnancies
G1 0/6 0/1 0/4 0/1 0/0 2/18 2 (6.7%)
G2 01 0/3 0/7 0/19 0 (0.0%)
G3 0/2 0/3 0/5 1/9 1(5.3%)
P value 373
Clinical pregnancies
G1 1/6 Al 2/4 11 0/0 4/18 9 (30.0%)
G2 0/1 3/3 4/7 10/19 17 (56.7%)
G3 0/2 1/3 3/5 4/9 8 (42.1%)
P value 113
Miscarriage
G1 1 0 1 0 0 1 3(10.0%)
G2 0 0 0 1 1(3.3%)
G3 0 0 0 0 0 (0.0%)
P value .257
Live birth
G1 0 1 1 1 0 3 6 (20%)
G2 0 2+ 1° 2+ 2° 8+ 1° 12 (40.0%)
G3 0 1 3 4 8 (42.1%)
P value .159

Note: G1: n = 30 cycles; G2: n = 30 cycles; G3: n = 19 cycles; d = day; other abbreviations as in Supplemental Table 1.
2 Ongoing pregnancy(ies) or pregnancy(ies) with unknown status.
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