Zeynep Kamil Med J 2022;53(4):170-175

ORIGINAL ARTICLE

DOI: 10.14744/zkmj.2022.14471

Calcium ionophore enhances blastocyst formation,
embryo quality, and live birth delivery rates in patients
with previous IVF failures

"Firat TULEK
2Alper KAHRAMAN

"Department of Obstetrics and
Gynecology, Memorial Atasehir
Hospital, Istanbul, Tiirkiye

2Department of Obstetrics and
Gynecology, Haseki Training and
Research Hospital, istanbul, Trkiye

ORCID ID
FT :0000-0003-1668-8746
AK :0000-0002-1689-2782

ABSTRACT

Objective: The objective of the study was to evaluate the impact of artificial oocyte
activation (AOA) with calcium ionophore (A23187) on in vitro fertilization outcomes of
patients with previous history of cycle cancellations due to arrested embryos before
formation of day 5 blastocysts.

Material and Methods: This retrospective study was conducted by evaluating
records of patients that admitted for in vitro fertilization between 2013 and 2021. Pa-
tients with the previous history of developmental arrest in whole embryo cohort without
fertilization failure were included in the study. Cycle outcomes of women with and
without AOA were compared.

Results: A total of 347 women were found eligible and included in the study. One
hundred and eighty-five of them were treated with AOA that constituted the study
group and 162 women were included in the control group. Rate of good quality em-
bryos (65.3% vs. 31.1%; p<0.001), implantation rates (0.33+0.41 vs. 0.22+0.39;
p=0.003), clinical pregnancy rates (43.2% vs. 25.3%; p<0.001), and live birth de-
livery rates (40.5% vs. 21%; p<0.001) were higher in women treated with AOA with
calcium ionophore in comparison to controls. Rate of multiple pregnancy was also
found higher in calcium ionophore group (5.4% vs. 1.9%; p=0.01). Mean infant birth
weights were similar among groups.

Conclusion: AOA with A23187 appears to improve progression to blastocyst rates,
embryo quality, clinical pregnancy rates, and live birth delivery rates in women with
a previous history of complete embryo development arrest before formation of day 5
blastocysts.
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INTRODUCTION

Fresh transfers of day 5 blastocysts are associated with more favor-
able outcomes in comparison to transfer of earlier stages embryos
regarding clinical pregnancy and live birth rates.!! Hence, contem-
porarily, fresh transfer of day 5 blastocyst stage embryos is consid-
ered as the optimal choice of embryo transfer and widely used in re-
productive health centers. However, some of the embryos in a cohort
could not reach to blastocyst stage. Embryos those fail to demon-
strate signs of mitotic division and cleaving activity for at least 24 h
are considered “arrested” or “non-viable.”? Blastomeres of arrested
embryos may have been degenerated or lysed. In some cases,
these arrested embryos could constitute the whole embryo cohort of
a patient. Several factors may cause developmental embryo arrest
including genetic variations, chromosomal abnormalities, changed
pattern of protein expression, and alterations in metabolic pathways.
B The European Society of Human Reproduction and Embryology in-
dicated a benchmark value of progression to blastocyst rate as 60%
in their survey.! That means approximately 40% of embryos would
be arrested before forming a blastocyst. The prevalence of this phe-
nomenon renders it a topic of interest for research to improve in vitro
fertilization (IVF) outcomes.

Physiological intracellular calcium oscillations are crucial for
oocyte fertilization and alteration of these oscillations leads to fertil-
ization failures. The previous studies demonstrated that intracellular
calcium fluxes also take part in post-fertilization mitotic events, par-
ticularly in the pronuclear zygote phase and cleaving embryo phase.
Bl Signaling events in early post-fertilization period are known to in-
fluence future intracellular events, eventually embryo viability, and
embryo quality.® Animal studies have shown that calcium chelators
cease mitosis in cleavage stage embryos.®! Furthermore, arrested
human embryos fail to demonstrate normal sinusoidal calcium fluc-
tuations preceding each mitotic division. Calcium ionophore is a di-
valent cation ionophore that increases intracellular calcium concen-
trations and is widely studied as an adjuvant to increase fertilization
rates in intracytoplasmic sperm injection (ICSI) cycles. Neverthe-
less, the effects of calcium ionophore on preventing embryo arrest
are an understudied issue. In this study, we aim to evaluate the ef-
fects of artificial oocyte activation (AOA) with calcium ionophore on
IVF outcomes in patients with previous IVF failures due to embryo
developmental arrest.

MATERIAL AND METHODS

The study was conducted by retrospectively evaluating patient
records that admitted to a university affiliated infertility center (Me-
morial Atasehir Hospital affiliated with Uskudar University) in Istan-
bul. Ethical approval for this study was obtained from the Ethical
Committee of Uskudar University at 30/04/2021 (approval number:
61351342/April 2021-85).

Records of patients admitted to clinic between 2013 and 2021
that underwent ICSI were screened. Women with a history of previ-
ous IVF failure due to embryo developmental arrest before formation
of day 5 blastocyst were included in the study. Women >45 years of
age, cases with thyroid abnormalities or hyperprolactinemia, cases
that underwent genetic screening, patients with severe male factor
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infertility, and patients with a history of previous cycle cancellation
due to fertilization failure were excluded from the study. Only the out-
comes of fresh embryo transfer cycles were assessed in this study.

Controlled ovarian stimulations were carried out by gonadotropin-
releasing hormone (GnRH) antagonist protocols. Stimulation proce-
dure was initiated on the 2" menstrual cycle day. Recombinant folli-
cle-stimulating hormone (rFSH, Gonal-F, and Merck Serono S.p.A),
human menopausal gonadotropin (hMG, Merional, IBSA Institut
Biochimique S.A, Menopur® Ferring Pharmaceuticals), or combina-
tion of recombinant luteinizing hormone and rFSH (Pergoveris, Merck
Serono, SA) is used for ovarian stimulation on practitioner’s prefer-
ence. Gonadotropin doses are adjusted in accordance with routine
patient monitoring by transvaginal ultrasound in each visit and serum
hormone levels as required. GnRH antagonist agents (Cetrotide 0.25
mg, Pierre Fabre Medicament Production) are used to suppress pre-
mature LH peak starting from the day that the leading follicle has
reached a diameter of 12—14 mm and continued to the day of oocyte
maturation triggering. Once, at least one follicle has reached a diam-
eter of 18 mm, final oocyte maturation is triggered either by concomi-
tant injections of GnRH agonist of 0.2 mg triptorelin acetate, (Gon-
apeptyl, Ferring Pharmaceuticals) and 250 mcg recombinant human
chorionic gonadotropin (Ovitrelle, Merck Serono) (dual trigger) or 250
mcg recombinant human chorionic gonadotropin (Ovitrelle, Merck
Serono) (hcg-only trigger). Oocytes are retrieved under transvaginal
ultrasound guidance 35-36 h after oocyte maturation triggering. Fer-
tilization was carried out by ICSI. Fertilization was confirmed by ob-
serving oocytes with 2 pronuclei (2PN) within 16—18 h following ICSI.

Calcium ionophore (A23187) agent was used for AOA in some
patients due to clinicians’ preference. In cases that underwent AOA,
mature oocytes were exposed to 5 ymol/l A23187 (GM508 Cult-
Active, Gynemed GmbH&Co, Germany) for 15 min following ICSI.
Then washed in fresh IVF medium without A23187 and transferred
into a drop of IVF medium under mineral oil in disk for incubation.
Single-step culture media (global® Collect® HEPES-buffered medium,
CooperSurgical Fertility Solutions) are used for culturing of embryos.
Quality of blastocysts was assessed through the grading system pro-
posed by the Society for Assisted Reproductive Technology (SART).
1 In accordance with the SART grading system, Grade 1 embryos are
referred as good quality embryos, Grade 2 embryos are referred as
fair quality embryos, and Grade 3 embryos are referred as poor qual-
ity embryos in this study. Soft embryo transfer catheters with guid-
ance of abdominal ultrasonography were used for embryo transfer
procedure. A maximum of two embryos was transferred in each cycle.
Luteal phase support with intravaginal progesterone is initiated in ev-
ery patient with either 200 mg Lutinus (Lutinus vaginal tablets, Ferring
Pharmaceuticals) twice a day or with 200 mg Progestan 3 times a day
(Progestan Soft Capsules, Kogak Farma Pharmaceutical and Chem-
ical Industry Co.) and continued through 8"—10" gestational weeks.

Outcome parameters were defined in line with the International
Glossary on Infertility and Fertility Care, 2017.1%! Primary outcome of
this study was determined as live birth delivery rates. Secondary out-
comes were clinical pregnancy rates, implantation rates, infant birth-
weight, and gestational ages at delivery.

Statistical analysis was conducted by IBM SPSS 23 (Evaluation
version). Descriptive statistics were expressed as meanzstandard
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Table 1: Comparison of baseline characteristics of women with and without artificial oocyte activation with calcium ionophore

Calcium ionophore group Control group p

Number of patients 185 162
Age (years) 35.04+5.49 34.17+5.19 0.067
BMI 24.89+2.97 25.18+2.80 0.329
Etiology of infertility

Anovulation 58 (31.4%) 41 (25.3%) 0.514

Tubal factor 43 (23.2%) 41 (25.3%)

Endometriosis 22 (11.9%) 19 (11.7%)

Combined 25 (13.5%) 18 (11.1%)

Unexplained 37 (20%) 43 (26.5%)
Number of previous IVF attempts 2.24+1.67 2.22.+1.61 0.953

BMI: Body mass index; IVF: In vitro fertilization.

deviations for normally distributed data and as median (min—max) for
non-normally distributed data. Categorical variables were expressed
as numbers and percentages (%). Significance of differences be-
tween means was assessed with Student’s t-test and significance
of differences between medians was assessed by Mann-Whitney
U-test. Categorical variables were assessed with Pearson’s Chi-
squared test or Fisher’s exact test. P<0.05 is considered as statisti-
cally significant.

RESULTS

A total of 347 women with a history of previous IVF failure due to
embryo developmental arrest were included in this study. One hun-
dred and eighty-five of them were found to undergo AOA with calcium
ionophore and 162 of them that treated without AOA were assigned
in the control group.

Mean age of calcium ionophore and control groups was
35.04+5.49 and 34.17+5.19 years, respectively. Mean body mass
index (BMI) of calcium ionophore group was 24.89+2.97 and
25.18+2.80 for controls. Age and BMI of groups were similar. No
significant differences were found concerning distribution of infertility
etiologies among groups. Causes of infertility were listed as anovu-
lation, tubal factor, unexplained, endometriosis, and combined in a
decreasing prevalence within the study population. Among the etiol-
ogies of infertility, “combined” was referred for the patients who have
more than 1 of the aforementioned infertility causes.

Mean previously failed IVF attempts due to embryo developmen-
tal arrest in calcium ionophore group and controls were 2.24+1.67
and 2.22+1.61, respectively. No significant differences were found in
number of previously failed IVF attempts. Characteristics of the study
population and controls are given in Table 1.

Mean number of retrieved oocytes, oocyte maturation rates,
number of M2 oocytes, and number of 2PN embryos were not signifi-
cantly different within two groups. Significantly higher rates of good
quality embryos were observed to be obtained in women treated with
AOA with calcium ionophore (65.3% vs. 31.1%; p<0.001). A total of
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170 embryo transfer procedures were applied in the calcium
ionophore group and 132 in the control group. Embryo transfer could
not be prosecuted for 15 women in the calcium ionophore group and
30 women in the control group due to embryonic developmental ar-
rest and fertilization failure. Significantly higher rates of day 5 em-
bryo transfer were applied in calcium ionophore group in comparison
to controls. Implantation rate in the control group was significantly
lower in comparison to the calcium ionophore group (0.22+0.39 vs.
0.33+0.41; p=0.003).

Significantly increased clinical pregnancy rates and live birth de-
livery rates were found in patient with calcium ionophore adminis-
tration comparing to controls (43.2% vs. 25.3% p<0.001 and 40.5%
vs. 21%; p<0.001, respectively). Rate of multiple pregnancy was
also found higher in the calcium ionophore group (5.4% vs. 1.9%;
p=0.01). Mean infant birth weights were similar among groups. Mean
gestational ages at birth were higher than 37 weeks in both groups.
There was a slight tendency of delivering at earlier weeks in calcium
ionophore group that reach statistical significance. Comparison of cy-
cle outcomes of groups is summarized in Table 2.

DISCUSSION

Results of this study demonstrated that AOA with calcium ionophore
increases embryo quality, clinical pregnancy rates, and live birth de-
livery rates in women with a history of previous IVF failures due to
embryo developmental arrest.

AOA causes a prolonged increase in intracellular calcium con-
centrations. This method is used in an attempt to countervail the
supposed deficiency in physiological calcium oscillations generated
by increased inositol triphosphate (IP3) concentrations.l' AOA could
be carried out by utilizing mechanical or electrical methods or us-
ing chemical agents such as A23187, ionomycin, puromycin, and
6-dimethylaminopurine.l™l Contemporarily, A23187 and ionomycin
are most widely used agents in procedures pertaining AOA in human
oocytes.[?l AOA is primarily used for cases with male factor infertil-
ity and to overcome fertilization failures in assisted reproduction.!®
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Table 2: Comparison of cycle outcomes of women with and without artificial oocyte activation with calcium ionophore

Calcium ionophore group Control group p

Number of patients 185 162
Required gonadotropin doses (IU) 3402.70+820.83 3296.30+1597.69 0.060
Days of stimulation 9.54+1.64 9.32+1.48 0.290
Peak estradiol level (pg/ml) 1517.85+757.651 1618.20+690.317 0.026
Peak progesterone level (ng/ml) 0.69+0.34 0.77+0.39 0.141
Endometrial thickness (mm) 10.05+1.89 10.20+1.65 0.254
Number of retrieved oocytes 9.51+4.21 9.97+4.35 0.314
Maturation rate (M2 oocytes/retrieved oocytes) 0.81+0.23 0.76+0.15 0.090
Number of M2 oocytes 7.22+2.77 7.38+2.98 0.974
Number of 2PN embryos 4.60+2.59 4.22+2.73 0.211
Quality of obtained embryos

Good 111 (65.3%) 41 (31.1%) <0.001

Fair 46 (27.1%) 74 (56.1%)

Poor 13 (7.6%) 17 (12.9%)
Number of frozen embryos 1.33+0.48 1.22.£40.43 0.382
Number of transferred embryos 1.38+0.64 1.41+0.65 0.412
Day of embryo transfer

Day 3 67 (39.4%) 99 (75%) <0.001

Day 5 97 (57.1%) 25 (18.9%)

Day 6 6 (3.5%) 8(6.1%)
Fertilization rate per cycle 0.63+0.21 0.57+0.28 0.174
Implantation rate per cycle 0.33+0.41 0.22+0.39 0.003
Clinical pregnancy rate 80/165 (43.2%) 41/162 (25.3%) <0.001
Live birth delivery rate (n) 75/185 (40.5%) 34/162 (21%) <0.001
Miscarriage 15 (8.1%) 10 (6.2%) 0.905
Multiple pregnancies 10 (5.4%) 3 (1.9%) 0.010
Gestational weeks at birth 37.38+2.95 38.28+1.51 0.043
Infant birth weight 3099.12+634.78 3164.20+500.08 0.549

PN: Pronuclei. Bold represent the p values <0.05 are considered significant.

However, animal studies have shown that artificially induced calcium
oscillations in oocytes have extensive effects on successive embryo
development, embryo quality, and implantation rates.l'*'® Besides,
these intracellular calcium oscillations found to be associated with
alterations in genomic expressions of embryos.!"4l

To date, few studies investigated the effects of AOA with calcium
ionophore on human embryo development and quality.'”-'®! Darwish
et al.'" published a preliminary study conducted on four patients with
previous embryonic arrest at 2PN stage. They found increased cleav-
age rates and increased number of clinical pregnancies following AOA
with A23187. Although their sample size was limited and regression
to the mean bias should be kept in mind as the study lacks a control
group and compares pre- and post-AOA outcomes of same patients,
they provide some early evidence for the issue. Ebner et al.l"® con-
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ducted a prospective study on 57 patients with a history of complete
embryonic developmental arrest in the previous cycles. They have
demonstrated that clinical pregnancy rates, implantation rates, blas-
tulation rates, and live birth rates are significantly higher in calcium
ionophore cycles. In addition to this, they found higher rates of good
quality embryos in women treated with AOA. Yin et al.l'! conducted a
study on 140 women with embryo development problems by admin-
istering AOA with ionomycin. Contrary to the previous findings, they
have reported similar embryonic development, clinical pregnancy
rates, and live birth rates among the AOA group and control group.

Parallel with the findings of Ebner et al.,!"® we found significantly
higher clinical pregnancy rates, live birth delivery rates, and implan-
tation rates in patients treated with A23187 in comparison to controls.
Embryo quality was also significantly improved.
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In our study, multiple pregnancy rate in the calcium ionophore
group was significantly higher in comparison to controls. A previous
study conducted by Shebl et al.?% who also reported higher multiple
pregnancy rates in women with calcium ionophore oocyte activation.
They concluded that higher rates of blastocyst transfer in the calcium
ionophore group might be the cause of higher multiple pregnancy
rates. In our study, although the mean number of transferred em-
bryos was similar among groups, rate of day 5 blastocyst transfers as
well as the quality of embryos was significantly improved in the cal-
cium ionophore group which could be the factors lying behind higher
multiple pregnancy rates in this group.

Previously, physiological frequency of calcium oscillations was
shown to be associated with embryo implantation potential.l'®! Cal-
cium signaling in early post-fertilization phase, pronuclear phase, and
cleavage phases is known to exhibit distinct unique characteristics.
Bl Calcium ionophore agents create a single prolonged intracellular
increase in calcium concentrations. Besides lacking a close resem-
blance to physiologic calcium oscillations, widely used agents such
as A23187 and ionomycin have different calcium transport proper-
ties.?"?2 Discrepancies in features of A23187 and ionomycin might
be the cause of contrasting results of the studies in the literature.

At present, studies evaluating the effects of AOA with calcium
ionophore on neonatal outcomes did not found any association be-
tween adverse obstetric outcomes and AOA.I'32-25 |n our study,
mean gestational weeks of AOA group and controls were both found
above 37 weeks. Although a slight tendency to deliver in earlier
weeks in the calcium ionophore group was noted comparing to con-
trols, clinical impact of this difference is dubious. Mean infant birth
weights in both groups were also found similar.

At present, AOA with calcium ionophore is mainly utilized in pa-
tients with fertilization failure in daily practice. There are few studies
in the literature evaluating the effects of AOA in women with previous
IVF failures due to embryonic developmental arrest, with limited sam-
ple sizes. Relatively large study population size is the major strength
of this study while retrospective design is the main limitation which
curbs this study to conclude this topic.

CONCLUSION

AOA with A23187 seems to improve progression to blastocyst rates,
embryo quality, clinical pregnancy rates, and live birth delivery rates in
women with a previous history of complete embryo development arrest.
Further prospective studies are required to effectively clarify this issue.
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