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Abstract

Purpose The purpose of this study was to determine which
morphokinetic variables are related to embryo gender in a
cohort of consecutive live births obtained through single blas-
tocyst transfer following mild ovarian stimulation.

Methods Eighty-one live births (49 % of them females) from
successfully treated, consecutive infertile patients (maternal
age 36.9+3.8 years, range 28-46) who underwent minimal
ovarian stimulation, prolonged embryo culture in a time-lapse
monitoring (TLM) incubator and elective single blastocyst
transfers during 2012-2014. Early (PNf, t2-t9, cc2a, b, s2,
s3) and late (tM, tSB, tfullB, texpB;, and texpB,)
morphokinetic variables were scored according to published
consensus criteria and were normalized to the time of pronu-
clear fading. For each variable, the ranges with the highest
proportion of female embryos (optimal range) were deter-
mined by detailed examination of histograms.

Results Female embryo gender was associated both with late
cleavage (t8), morula (tM), and blastocyst stage
morphokinetic variables. The strongest associations (adjusted
ORs, 7.0-7.8) were found for late, expanded stage blastocyst
parameters; tfullB, texpB;, and texpB,. The proportion of fe-
male embryos was 69—71 and 25-26 % inside and outside of
the optimal ranges, respectively. This allowed to predict 74—
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78 % of them, increasing their proportion by 57 % compared
to the average.

Conclusions Although the sample size of our cohort was lim-
ited, our findings suggest that several expanded blastocyst
stage morphokinetic parameters are associated with female
embryo gender. If confirmed on a larger sample these could
be potentially used to increase the proportion of female em-
bryos among non-invasively selected blastocysts following
single embryo transfer.
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Introduction

In recent years, time-lapse monitoring (TLM) technology has
emerged as a potentially promising way to improve the clas-
sical morphological selection of embryos [1]. To date, a num-
ber of studies were conducted to determine whether
morphokinetic variables are correlated with important out-
comes such as blastocyst formation, implantation potential,
and even aneuploidy status [2—4]. These resulted in different
predictive models that were shown to improve overall clinical
outcomes in the setting of blinded, retrospective studies and
randomized clinical trials [5, 6].

Meanwhile, other TLM studies focused on whether
morphokinetic variables are affected by a number of external
factors including patient- (obesity, smoking) and treatment-
related characteristics (gonadotropin dose, stimulation proto-
col) as well as laboratory and culture conditions (fertilization
method, oxygen concentration, culture media) [7—13]. Among
these potential confounders, embryo gender was only investi-
gated by a handful of studies so far. Whereas the first Turkish
study did not find any gender-specific differences in embryo
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development kinetics among time-lapse-monitored embryos,
a more recently published Spanish one did find a significant
difference in a few TLM variables [14, 15]. This has led to the
establishment of a hierarchical model that could define subsets
with increasing proportion of female embryos from 42 up to
71 % [15]. As the results of these two studies are contradic-
ting, further investigations in this area are still necessary be-
cause TLM technology provides an inherently more precise
way of evaluating embryo kinetics than any previous investi-
gation based on static morphological criteria [16—19].
Therefore, the aim of the present retrospective analysis, in a
series of confirmed live births originating from a cohort of
unselected infertile patients undergoing mild ovarian stimula-
tion and single blastocyst transfer, was to evaluate the associ-
ation between embryo gender and early (cleavage stage) and
late (morula and blastocyst stage) morphokinetic variables
and to identify those that could be used as potential predictors.

Materials and methods
Study patients and follow-up

All consecutive infertile patients whose embryos were submit-
ted to prolonged embryo culture reaching expanded blastocyst
stage (n=>501) in a TLM incubator between October 2012 (the
acquisition of a single EmbryoScope incubator) and
December 2014 at our center, and then subsequently
underwent single vitrified-warmed embryo transfers until
August 2015 (n=291) and delivered a healthy newborn until
October 2015 (n=_81) were included in this retrospective anal-
ysis (Fig. 1). Institutional Review Board approval was not
required for the present study because in our center all patients
undergoing IVF treatment gave informed consent to the anon-
ymous use of their data for retrospective reviews.

Natural cycle IVF and minimal ovarian stimulation
protocols

Clomiphene citrate (CC)- or letrozole-based minimal stimula-
tion was used in the majority of cycles, whereas unstimulated
natural cycle IVF represented a smaller proportion of cases.
Details of the CC-based minimal stimulation and natural cycle
IVF protocols were described previously [20, 21]. Patients
were not selected according to their age and this treatment
option was offered over a wide age range.

Qocyte retrieval and fertilization
Transvaginal ultrasound-guided oocyte retrieval was per-
formed without anesthesia using a very thin 21-22-G needle

(Kitazato Medical Co., Ltd., Tokyo, Japan). Mature (MII) oo-
cytes were inseminated by conventional IVF or ICSI.
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Subsequently ICSI-injected oocytes were placed in pre-
equilibrated slides (EmbryoSlide, Vitrolife, Gothenburg,
Sweden), whereas IVF-inseminated oocytes were first cul-
tured in a conventional, tri-gas, water jacket incubator
(Astec, Japan) and transferred to a TLM incubator the next
morning if fertilization was confirmed.

Prolonged embryo culture in a TLM incubator
and elective vitrification

In our center elective blastocyst culture, vitrification and sub-
sequent single vitrified-warmed blastocysts transfer (SVBT)
are routinely practiced in most patients. Prolonged embryo
culture was performed in a time-lapse incubator
(EmbryoScope, Vitrolife, Gothenburg, Sweden) according to
previously described methodology [3]. Briefly, normally fer-
tilized 2PN zygotes were incubated at 37 °C in a 5 % O, atm
and cultured individually until day 3 in Quinn’s Advantage
Cleavage Medium and subsequently until blastocyst stage in
Quinn’s Advantage Blastocyst Medium. During cleavage
stage, selection was performed by classical morphology
criteria according to published consensus criteria [22].
Embryos that reached the blastocyst stage by day 5 or 6 were
eligible for elective vitrification (Cryotop, Kitazato Medical
Co., Ltd., Tokyo, Japan) as soon as they expanded to a size of
at least 160 um [23, 24]. Expanded blastocysts were graded
into high- (ICM and TE score: AA, AB or BA) or low-quality
(ICM and TE score: BB, BC, CB or CC) categories [25, 26].
Electively, vitrified blastocysts were transferred in the follow-
ing 1 to 3 months after the oocyte retrieval in a spontaneous
natural or hormonal replacement cycle [27].

Time-lapse annotations

Seven plane focal images were taken and recorded every
20 min shortly after insemination up until a period of approx-
imately 160 h. Early (PNf, {2-t9) and late (full compaction at
morula stage, start of blastulation, and full blastocyst)
morphokinetic time points were scored in accordance with
recently published consensus criteria [28]. To determine the
degree of blastocyst expansion more objectively, two addi-
tional TLM variables (texpB; and texpB; and texpB,) were
also introduced; the time point when the horizontal diameter
of the expanded blastocyst reached 130 and 160 pum, respec-
tively [29]. Annotations were done using EmbryoViewer by
two experienced embryologists and re-checked by a third per-
son. In order to control for the different insemination tech-
niques used (38 and 62 % of the cohort was fertilized with
conventional IVF or ICSI, respectively), static morphokinetic
variables were standardized to a common time point of pro-
nuclear fading [8, 29, 30].
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1623 inseminated 1286 (79%) normally 1146embryos put in
oocytes by ICSI or IVF (2PN) fertilized oocytes prolonged culture
+337 (21%) failed/abnormal | — > +14 (1.1%) not cleaved > | -493 embryos blocked during
fertilization blastocyst culture
653 (57%) arrived until 505 (44%) expanded 291 frozen (n=277) or
blastocyst stage blastocysts fresh (n=14) SBT
* 148 poor-quality blastocysts |——> *4 cycles excluded due to — * 149 blastocysts non-
discarded missing PNf implanted
210 blastocysts still frozen » 56 biochemical / miscarriage

81 live births

5 ongoing
pregnancies without
gender information

Fig. 1 Flow chart of study events

Outcome measures and statistical analysis

The main outcome measure was the proportion of female
newborns per live birth. Neonatal gender was confirmed by
patient questionnaires approximately 1-2 months after deliv-
ery. Baseline cycle characteristics as well as standardized
time-lapse variables were compared between female and male
live birth groups. Metric variables were compared by the
Mann-Whitney U test due to a non-normal distribution.
Nominal variables were analyzed by the chi-squared test.
p<0.05 was considered statistically significant.
Subsequently, at first, histograms for all morphokinetic vari-
ables were checked to determine the existence of an “optimal
range” with the highest proportion of female newborns. The
whole range of values for each TLM variable was displayed in
histograms with (arbitrarily defined) bins of equal width
(2.5 h). For each bin, the percentage of females in each of
the corresponding columns was calculated and those with an
above average rate were grouped together. In this way, those
(six) TLM variables (t8, tM, tSB, tfullB, texpB,; and texpB,)
where such an optimal range could be observed were convert-
ed into categorical ones (inside versus outside of the optimal
female range) for further analysis (Fig. 2) [3]. A logistic mul-
tivariate analysis was also performed to adjust for maternal
age (years) which was the only confounding factor found to
be significantly different among baseline characteristics.
Statistical calculations were performed with the “R” software
package.

Results
Baseline cycle characteristics according to embryo gender

During the study period, following prolonged embryo culture
in a time-lapse incubator, a total 0of 291 single blastocyst trans-
fers were performed in infertile patients who underwent natu-
ral IVF or minimal ovarian stimulation cycles resulting in 81
confirmed live births with gender information (maternal age
36.9+3.8 years, range 28-46). Female newborns consisted of
49 % (40/81) of the entire cohort. Baseline characteristics
according to gender are summarized in Table 1. There were
no significant differences among baseline variables such as
BMI, basal FSH, infertility type, parity, the history of previous
IVF treatment at other centers, current cycle rank, stimulation
type, the number of retrieved eggs, the proportion of high-
quality blastocysts, and male partner age. However, maternal
age was slightly higher in the group of women who delivered
female newborns (37.8+3.2 versus 36+4.1, p=0.03).

Comparison of morphokinetic variables according
to embryo gender

There were no significant differences observed between fe-
male versus male blastocysts in the cleavage and morula stage,
static (2 to t9 and tM), or interval parameters (cc2a, b, s2 and
s3). However, at the blastocyst stage, there was a statistically
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<« Fig. 2 Histograms of relevant TLM variables (in hours) with optimal
female (orange: female, blue: male) gender ranges (within dotted lines).
texpB, time to reach expanded blastocyst size of 160 pum, texpB;. time to
reach expanded blastocyst size of 130 wm, #fullB time to expanded
blastocyst, £SB time to initiation of blastulation, /M time to full
compaction (morula), 78 time to 8 discrete cells; all TLM variables were
standardized to pronuclear fading

significant delay for male-gender blastocysts for the tfullB
variable (time to reach fully expanded blastocyst) (Table 2).

Association between embryo gender and morphokinetic
variables

In a univariate analysis female embryo gender was associated
with late cleavage stage (t8), morula stage (tM), early blasto-
cyst stage (tSB), and also several late, expanded blastocyst
stage (tfullB, texpB; and texpB,) morphokinetic variables.
For the first three, associations were less strong (odds ratios
between 2.6 and 3.7), whereas the strongest association was
found for expanded stage blastocyst parameters (odds ratios
were between 6.4 and 7.2). Within the optimal range, the
proportion of female newborns was between 69 and 71 %
(conversely, 25-26 % outside of the optimal range) (Fig. 2).
Being inside the optimal range predicted 74-78 % of all the
female newborns, increasing their proportion by 51-57 %
compared to the average. After adjusting for maternal age in
a multivariate analysis all odds ratios increased slightly
(Table 3).

Discussion

Our retrospective study involving a moderate number of new-
borns originating from elective single embryo transfers of
time-lapse-monitored blastocysts, has found that embryo gen-
der was strongly associated with late, expanded blastocyst
stage morphokinetic variables. The strongest variables pre-
dicted approximately three quarters of the resulting female
newborns, which, compared to the average, increased their
proportion by more than 50 %.

Previous human studies on the relation of embryo
morphology/kinetics and gender were inconclusive, whereas
some found a faster development for male blastocysts; others
were unable to show such as difference [17, 19]. Some authors
have also expressed concerns that embryo selection using
prolonged embryo culture could lead to a male-biased sex
ratio. This was supported by a meta-analysis involving four
earlier studies [31] but was refuted by subsequent large cohort
studies [16, 18]. A common pitfall for all these previous in-
vestigations was that embryo evaluation was based on static
criteria instead of TLM technology which currently allows a
more precise and detailed comparison of kinetic parameters.
To date, only two recently published, retrospective studies
investigated the influence of embryo gender on the time-
lapse parameters of a developing embryo [14, 15].

Serdarogullari et al. presented the findings of a 2-year
study, involving a total of 138 analyzed, KID (known implan-
tation data) embryos (78 female versus 60 male as confirmed
after birth) originating from a mixture of day 2-3 and day 5
embryo transfers [14]. As a main finding, cell kinetics were

Table 1 Baseline cycle

characteristics in groups with Embryo transfer cycles

Female live births (n=40)  Male live births (n=41) p

female or male live birth
Maternal age, years

BMI, (kg/m?)

Basal FSH (IU/mL)
Primary infertility, n (%)
Nulliparous, 7 (%)

No IVF treatment (at other centers), n (%)

Current cycle rank
1-2 cycle, n (%)
3—4 cycles, n (%)

5 or higher, n (%)
Stimulation type
Natural cycle, n (%)
Clomiphene, n (%)
Letrozole, n (%)
Retrieved eggs, n

High-quality blastocysts transferred, 7 (%)

Male partner age, years

37.8+32 36+4.1 0.03°
202+23 20.7+£22 0.27°
7.7+4.1 10.1£5.5 0.09°
29 (73) 27 (66) 0.52°
37 (93) 35 (85) 0.31°
16 (40) 18 (44) 0.72°
0.57°
4(10) 7(17)
29 (73) 29 (71)
7(17) 5(12)
0.26°
14 (35) 9 (22)
18 (45) 18 (44)
8 (20) 14 (34)
57436 6.1£3.5 0.50°
15 (38) 15 (37) 0.93°
38.9+43 38.3+4.7 0.48°

 Mann-Whitney U test,’ chi-squared test
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Table 2 Standardized TLM

timings in female and male live TLM variables (in hours)** Female live births (n =40) Male live births (n=41) p*

birth groups
2 2.6+0.6 2.8+0.6 0.19
t3 133+2.7 139+1.5 0.71
t4 14.6+2.2 149+3.1 0.62
t5 26.9+5.7 274+54 0.59
t6 289+49 29.2+4.5 0.76
t7 30.7+5.1 31+43 0.70
t8 343+74 349+7 0.38
t9 48.2+8.8 49.1+£9 0.67
cc2a (13-2) 10.7+2.7 11.1+1.5 0.88
cc2b (t4-t2) 12.1+£1.8 12.1+3 0.27
s2 (t4-t3) 1.5+2.3 1.1+£2.6 0.34
s3 (t8-t5) 79+75 7.7+6.7 0.74
t™M 63.8+7.8 673+7.6 0.06
tSB 75373 78.1+£7.6 0.11
tfullB 84.4+8.3 89+10.2 0.022
texpB) 86+7.3 89.9+10.3 0.07
texpB, 94.8+10 96.6+9.8 0.18

*Mann-Whitney U test

**12—19 time to 2 to 9 discrete cells, cc2a/cc2b/s2/s3 duration of different embryo cell cycle events, M time to full
compaction (morula), £SB time to initiation of blastulation, #/B time to expanded blastocyst, texpB; time to reach
expanded blastocyst size of 130 pm, fexpB, time to reach expanded blastocyst size of 160 pum; all TLM variables
were standardized to pronuclear fading

not significantly different for cleavage or blastocyst stage
morphokinetic parameters; therefore, the authors concluded
that selecting the embryos by time-lapse criteria does not cre-
ate a gender bias. However, the comparison of TLM variables
was done by simple statistical test only (comparing means and
standard deviations) and not by examining quartiles or de-
tailed histograms which could explain the discordant findings
of subsequent studies.

A subsequent, larger Spanish study, from one of the groups
that pioneered TLM research, involved a time-lapse moni-
tored dataset of 327 analyzed embryos from a single-center
obtained over a 1-year period [15]. In contrast with the previ-
ous study, all included <40-year-old patients were undergoing
PGD; thus, embryo gender was ascertained by day 3 array
CGH chromosomal analysis. Single or double embryo transfer
was performed on day 5. When simple statistical tests were

used, there were no differences between morphokinetic vari-
ables according to embryo gender, but with a more sophisti-
cated approach (converting continuous variables into categor-
ical ones by examining four quartiles), significantly different
proportions of female embryos were observed for two param-
eters, s2 and tM. For s2 (t4-t3), being inside the defined “sex
range” increased the probability of being female by 32 %
(from 44 to 58 %), whereas for tM, the increase was 35 %
(from 46 to 62 %). Combining these two variables resulted in
a four-category hierarchical predictive model where the pro-
portion of female embryos gradually increased from 42 to
71 % (from category D to A). However, it is important to note
that the two middle categories (B and C), which together
consisted 39 % of the entire cohort, were not predictive at
all, consisting of 53 % of females which was very similar to
the average proportion of 49 %.

Table 3 Association between

female gender and categorical Categorical TLM variables Unadjusted ORs Adjusted ORs* Adjusted p*
morphokinetic variables (inside
versus outside of the optimal t8 29 (1.2-74) 2.8 (1.1-7.6) 0.03
female range) tM 3.7(1.5-9.7) 3.7 (1.5-10.1) 0.007
tSB 2.6 (1-6.5) 3.0 (1.2-8.1) 0.02
tfullB 7.2 (2.7-20.2) 7.3 (2.7-21.4) 0.00012
texpB; 6.4 (2.5-17.9) 7.0 (2.6-20.9) 0.0002
texpB, 6.8 (2.6-18.9) 7.8 (2.9-23.6) 0.00014

*adjusted for female age
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The authors concluded that embryo development as
observed by time-lapse monitoring was clearly affected
by embryo gender implying that embryo selection
methods based on kinetics could also potentially affect
the sex ratio of resulting newborns. The authors also
suggested that their model could be used as a non-
invasive alternative for sex selection in those countries
where PGD is not allowed although the model’s practi-
cal applicability could be severely limited by the previ-
ously mentioned shortcomings (for example, the fact
that only two of the categories contain a notably differ-
ent proportion of female embryos compared to the ex-
pected average rate).

Apart from confirming the general findings of the
previous Spanish study (tM was also associated with
female gender in our study), our investigation suggests
that advanced stage morphokinetic parameters (such as
tfullB, texpB; and texpB,) might be stronger predictors
of embryo gender than earlier ones (such as s2 and tM).
As embryo development progresses, the range (mini-
mum and maximum values) of morphokinetic variables
also gets wider thus facilitating the detection of any
existing difference between subgroups which could be
one explanation to our slightly discrepant findings.

The main limitation of our study is the very limited
number of 81 live birth deliveries analyzed. Interestingly,
however, even this moderate sample size which was
achieved in a single center during a 2-year study period,
has allowed us to discover significant differences that are
in concordance with previously published relevant TLM
articles. Moreover, it also allows the development and
application of an initial, center-specific “gender-prediction”
model which later could be improved on as sample size
progressively increases [32, 33]. As a considerable strength,
by our center’s routine policy, our dataset included only
single embryo transfers; thus, we did not have to rely ex-
clusively on KID embryos avoiding any potential bias re-
lated to a differential in embryo quality (KID versus non-
KID). It is also important to note that in our cohort, TLM
variables were not used for enhanced embryo selection (on-
ly classical morphological criteria were used); therefore, it
is unlikely that the sex ratio observed in our study (49 %
were female) could have been affected by TLM technology
itself.

In conclusion, in a small cohort of consecutive live
births obtained from unselected infertile patients under-
going minimal ovarian stimulation and single blastocyst
transfer, female embryo gender was strongly associated
with late, expanded blastocyst stage morphokinetic pa-
rameters. If confirmed on a larger sample, these could
be potentially used to increase the proportion of female
embryos among blastocysts that were non-invasively se-
lected using time-lapse technology.
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