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Abstract

Purpose To evaluate the impact of artificial oocyte activation (AOA) in pregnancy and neonatal outcomes in infertile patients
undergoing cryopreserved embryo transfer.

Method This retrospective study included 5686 patients’ transferred embryos from routine intracytoplasmic sperm injection
(ICSI) and 194 patients’ transferred embryos from ICSI combined with AOA (ICSI-AOA) from January 2011 to December
2016. Pregnancy and neonatal outcomes of couples undergoing routine ICSI or ICSI-AOA were analyzed before and after
propensity score matching. Artificial oocyte activation was performed with ionomycin.

Results The pregnancy outcomes showed no significant difference in the rates of biochemical pregnancy, clinical pregnancy,
implantation, miscarriage, ectopic pregnancy, multiple pregnancy, and live births between the routine ICSI and ICSI-AOA
groups before and after propensity score matching, respectively. The assessment of neonatal outcomes showed no statistically
significant differences in the birth defect rate, birth weight, gestational age, preterm birth rate, early-neonatal death rate, and
fetal sex ratio between the two groups, and similar results were also observed in the two matched cohorts.

Conclusion Artificial oocyte activation with ionomycin does not adversely affect pregnancy and neonatal outcomes in
patients undergoing frozen—thawed embryo transfer, which is beneficial to clinicians counseling patients on the risks of
artificial oocyte activation.
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Introduction

Oocyte activation is an important step in normal fertilization
and subsequent embryogenesis. This process is induced by
calcium oscillations which increase the intracellular calcium
levels in the oocyte, essential for a series of changes to the
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should be further studied. Montag et al. reported that
25 babies were born after AOA with calcium ionophore
A23187 without congenital malformation [4]. In two pro-
spective multicenter studies, 32 and 35 healthy children
of AOA, with calcium ionophore A23187, were born from
couples with fertilization problems and severe male fac-
tor infertility [6, 13]. So far, pregnancy and neonatal out-
comes, especially birth defects of AOA application, are
scarcely reported [3-8, 11, 13]. Additionally, all infants
in published AOA studies were born from fresh embryo
transfer (ET), and none of the babies born from AOA in
frozen—thawed embryo transfer (FET) were reported.

Here, we designed this study with the objective of eval-
uating the effect of AOA on pregnancy and neonatal out-
comes of infertile patients undergoing FET: (1) pregnancy
outcomes were compared between patients with routine
intracytoplasmic sperm injection (ICSI) and ICSI-AOA;
(2) neonatal outcomes were compared between patients
with routine ICSI and ICSI-AOA. These results would be
beneficial to clinicians counseling patients on the risks
of AOA.

Material and methods
Study setting and patients

This retrospective cohort study was conducted by the
Department of Assisted Reproduction of the Ninth Peo-
ple’s Hospital of Shanghai, Jiaotong University School of
Medicine. Pregnancy and neonatal outcomes of patients
undergoing routine ICSI and ICSI-AOA, were evaluated
from January 2011 to December 2016. The following
patients were excluded: (1) women who transferred mixed
embryos from ICSI-AOA cycles and previous routine ICSI
cycles and (2) women who were lost to follow-up. Based
on the published literature, AOA was performed using
the following criteria: (1) ICSI fertilization rate <50 (in-
and out-hospital cases) [4-6]; (2) good quality embryo
rate <30% (in- and out-hospital cases); (3) the presence
of severe oligoasthenoteratozoospermia (OAT) [8, 11]; (4)
surgically retrieved sperms from testicular sperm aspira-
tion (TESA) or percutaneous epididymal sperm aspiration
(PESA) [9, 10, 12, 13]. Tonomycin was used for AOA.

This study was approved by the Ethics Committee
(institutional review board) of Shanghai Ninth People’s
Hospital affiliated to Shanghai Jiao Tong University
School of Medicine. All relevant international ethical
codes were followed, including the Helsinki Declaration.
All participants provided informed consent after receiving
counseling concerning infertility treatments.
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Analysis

A total of 5880 patients undergoing FET were analyzed:
(1) the routine ICSI group included 5686 patients with
transferred embryos from routine ICSI; (2) ICSI-AOA
group included 194 patients with transferred embryos
from ICSI combined with AOA (Fig. 1). Data were col-
lected from the first FET cycle of each patient and repeated
cycles from the same patient were not used.

This study comprised two parts (Fig. 1): in the first, we
compared pregnancy outcomes of FET in the routine ICSI
and ICSI-AOA groups; in the second, we compared neo-
natal outcomes of FET in the routine ICSI and ICSI-AOA
groups. Moreover, singleton and twin births in the two
cohorts were compared separately. Propensity scores were
calculated using logistic regression based on patient and
FET characteristics, including female age, male age, female
body mass index (BMI), the duration of infertility, num-
ber of transferred embryos, number of transferred embryos
per cycle and type of embryo transferred cycles (cleavage
embryo and blastocyst), endometrial thickness on embryo
transfer day, the type of endometrial preparation (natural
cycles, stimulated cycles, and hormone therapy cycles), and
causes of infertility (tubal factor infertility, polycystic ovar-
ian syndrome, endometriosis, male factor infertility, and
other). Matching without replacement was performed using
propensity scores with the nearest neighbor, random match-
ing algorithm [14]. The matched ratio of the routine ICSI
group to ICSI-AOA group was 3:1.

Treatment

The procedures of ovarian stimulation, ICSI, embryo assess-
ment, freezing, and thawing, endometrial preparation, and
FET have been described in previous studies [15, 16].

Briefly, oocyte retrieval was carried out 32-36 h after
maturation induction or ovarian stimulation. Retrieved
oocytes were washed and cultured in human tubal fluid
(HTF; Irvine Scientific, Santa Ana, CA, USA) with 10%
serum substitute supplements (Irvine Scientific) after
retrieval. The cumulus cells were carefully removed after
2-3 h of oocyte retrieval and oocytes were injected by
ICSI within 2 h of oocyte denudation under 200X mag-
nification on a microscope (Nikon, Japan) equipped with
a warming plate (37 °C) and a manipulator (Narishige,
Tokyo, Japan). Each oocyte was positioned with its polar
body at the 12 o’clock position, and subsequently, an
injecting pipette containing immobilized sperm was intro-
duced at the 3 o’clock position.

Fertilization was assessed 18 h after ICSI, and normal
fertilization was characterized by two distinct pronuclei.
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Fig. 1 Flow chart of the study. FET frozen—thawed embryo transfer, /CSI intracytoplasmic sperm injection, AOA artificial oocyte activation, vs.
versus; *Patients in whom mixed embryos were transferred from ICSI-AOA and previous routine ICSI cycles were excluded

The embryos were evaluated on the third day after fertili-
zation based on ASEBIR embryo assessment criteria [17].
Grades I and II embryos, regarded as top quality, were
cryopreserved by vitrification. The remaining embryos
were cultured until the blastocyst stage. During this stage,
the Gardner and Schoolcraft system [18] was used to grade
blastocysts. Only blastocysts with > grade 3CC were cryo-
preserved on day 5-7.

The cryopreserved and thawing procedures for cleavage-
stage embryos or blastocysts were performed with Kitazato
Vitrification Kit following the manufacturer’s introduction
(Kitazato, Japan) [19]. Briefly, embryos were first incu-
bated for 10-15 min in about 300 pl equilibration solution
[7.5% ethylene glycol and 7.5% dimethylsulfoxide (DMSO)
and 20% synthetic serum substitute] at room temperature,
and then were transferred into vitrification solution (15%
ethylene glycol and 15% DMSO and 0.5 M trehalose and
20% synthetic serum substitute) to incubate for approxi-
mately 60 s, and finally, the embryos were loaded on the

Cryotop strip (Kitazato, Japan) in a minimum volume, and
were directly immersed into liquid nitrogen. For the thaw-
ing procedure, the strip of the Cryotop was immersed into
about 500 pl 37 °C thawing solution (1.0 M trehalose and
20% synthetic serum substitute) for approximately 60 s,
and then embryos were transferred in the diluent solution
for 3 min and washed twice in the wash solution for 5 min,
respectively, at room temperature. Finally, the embryos were
incubated in culture medium supplemented with 10% serum
substitute supplements (Irvine Scientific) at 37 °C, CO, 6%.

Endometrial preparation for FET was achieved in natu-
ral cycles, stimulation cycles or hormone therapy cycles, as
previously described [15]. In short, in patients with regular
menstrual cycles, FET was performed in a natural cycle.
For patients with irregular menstrual cycles, letrozole and,
if necessary, human menopausal gonadotropin were used to
stimulate monofollicular growth. In patients with a history
of thin endometrium during either natural cycles or stimula-
tion cycles, hormonal therapy was applied.
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Artificial oocyte activation

AOA was performed according to a methodology previously
reported by Nasr-Esfahani [20]. The oocytes were artificially
activated, by exposure to 10 uM ionomycin (Sigma, St.
Louis, MO, USA) for 10 min at 37 °C in 6% CO, and 5% O,,
after 1 h of ICSI manipulation. Following oocyte activation,
the oocytes were thoroughly washed in HTF and cultured
in a continuous single-culture medium (Irvine Scientific)
throughout the developmental stage.

Outcome assessment

The outcome terms were defined based on the International
Committee for Monitoring Assisted Reproductive Technol-
ogy (ART) and the World Health Organization revised glos-
sary of ART terminology 2009 [21], including biochemical
pregnancy, clinical pregnancy, ectopic pregnancy, multiple
birth, implantation rate, miscarriage rate, live birth rate, etc.
Gestational age was defined as age of a fetus calculated by
adding 2 weeks to the number of completed weeks. Preterm
birth was defined as birth before 37 weeks of gestation. Low
birth weight was defined as birth weight <2500 g. Early-
neonatal death was defined as death of a live born baby
within 7 days.

Details of the assessment for birth defects have been
described in previously published papers [22, 23]. Briefly,
babies born in our hospitals received a routine physical
examination at birth and were registered in the electronic
follow-up recording system. For neonates born in other hos-
pitals, written health reports were provided by the primary
paediatrician, including information about birth dates and
locations, gestational weeks, mode of delivery, birth weight,
infant sex, neonatal disease, and live birth defects. For
infants with birth defects, an independent pediatrician exam-
ined the case reports based on clinical experience to ensure
that these infants met the inclusion criteria of the Chinese
Birth Defects Monitoring Program. Live birth defects were
classified according to the International Classification of
Diseases 10th Revision as conditions registered in the Inter-
national Statistical Classification of Diseases and Related
Health Problems [24]. Minor birth defects were excluded,
except those that required treatment or were disfiguring.

Statistical analysis

Quantitative data are presented as mean + standard devia-
tion (SD). Mean values were compared by Student’s 7 test
and proportions were compared by the Chi-squared test or
Fisher’s exact test. Values of P <0.05 were considered to be
significantly different. All analyses were performed using
SPSS, version 23.0 software (SPSS Inc., Chicago, IL, USA).
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Results

Comparison of pregnancy outcomes
between the routine ICSI and ICSI-AOA groups

After exclusions, a total of 5880 patients undergoing FET
were analyzed: (1) 10,608 frozen embryos were transferred
to 5686 patients undergoing routine ICSI; and (2) 348 fro-
zen embryos were transferred to 194 patients undergoing
ICSI-AOA. Results showed that no significant differences
were found in the rates of biochemical pregnancy, clinical
pregnancy, implantation, miscarriage, ectopic pregnancy,
multiple pregnancy, and live births between the routine
ICSI and ICSI-AOA groups (P> 0.05, Table 1). However,
we found that the average maternal and paternal ages were
significantly lower in the ICSI-AOA group than those in the
routine ICSI group (32.84 +5.13 vs 35.97 +5.47, P <0.001
and 35.32+6.05 vs. 38.29 +£6.73, P <0.001, respectively),
and there were also significant differences in BMI, the
number of embryos per transfer, type of embryo transferred
cycles, type of endometrial preparation, and causes of infer-
tility between the routine ICSI group and ICSI-AOA group
(P<0.05) (Table 1).

Considering the effects of differences in patients’ charac-
teristics on pregnancy outcomes, we used propensity score
matching to control for the different characteristics of the
two groups. We matched 507 patients from the routine ICSI
group with 169 patients from the ICSI-AOA group in a 3:1
ratio (Fig. 1). The distributions of propensity scores after
matching indicated a balance between the two groups, when
compared to those before matching (Fig. 2). After matching,
characteristics of the matched routine ICSI and ICSI-AOA
groups were similar (P >0.05), and no significant differences
were observed in all pregnancy outcomes between the two
matched groups (P > 0.05), which was consistent with the
previous results before matching. The characteristics of the
patients undergoing FET are summarized in Table 1.

Comparison of neonatal outcomes
between the routine ICSI and ICSI-AOA groups

To evaluate the safety of AOA in terms of neonatal out-
comes and birth defects in fetuses from patients undergoing
FET, a total of 2537 babies were analyzed, including 2442
babies of the routine ICSI group and 95 babies of the ICSI-
AOA group. The results showed that no significant differ-
ences were found in birth weight, gestational age, fetal sex
and preterm birth rates between the two groups (P > 0.05,
Table 2). No case of early-neonatal mortality was observed
in the ICSI-AOA group, whereas six early-neonatal deaths
occurred in the routine ICSI group. Furthermore, single-
ton and twin deliveries were analyzed separately. 1504
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Table 1 Pregnancy outcomes of FET between the routine ICSI and ICSI-AOA groups

Group Before propensity score matching P value After propensity score matching P-value
Routine ICSI group  ICSI-AOA group Routine ICSI group ICSI-AOA group

No. of patients 5686 194 507 169

Female age, years 35.97+5.47 32.84+5.13 <0.001 33.56+4.89 33.46+4.67 0.822

Male age, years 38.29+6.73 35.32+£6.05 <0.001 35.79+5.96 35.73+£5.64 0.898

BMI, kg/m? 21.83+3.10 21.29+2.72 0.008 21.29+2.46 21.23+£2.45 0.783

Duration of infertility, years 4.54+3.33 4534343 0.984 4.29+3.24 4.46+3.30 0.544

No. of embryos transferred 10 608 348 920 308

No. of embryos per transfer 1.87+0.34 1.79+0.41 0.016 1.81+0.39 1.82+0.38 0.819

Type of embryo transferred cycles 0.004 0.824

Cleavage embryo transferred cycles, n (%) 5331 (93.76) 172 (88.66) 456 (89.94) 153 (90.53)

Blastocyst transferred cycles, n (%) 355 (6.24) 22 (11.34) 51 (10.06) 16 (9.47)

Endometrial thickness, mm 10.93 +2.42 10.96 +£2.59 0.836 10.86+2.44 10.88 £2.46 0.904

Endometrium preparation 0.003 0.551

Natural cycles, n (%) 2907 (51.13) 85 (43.81) 230 (45.36) 78 (46.15)

Stimulated cycles, n (%) 1006 (17.69) 53(27.32) 116 (22.88) 44 (26.04)

Hormone therapy cycles, n (%) 1773 (31.18) 56 (28.87) 161 (31.76) 47 (27.81)

Causes of infertility

Tubal factor infertility, n (%) 2979 (52.39) 73 (37.63) <0.001 214 (42.21) 68 (40.24) 0.652

Polycystic ovary syndrome, 1 (%) 488 (8.60) 16 (8.25) 0.973 47 (9.27) 13 (7.70) 0.532

Endometriosis, n (%) 423 (7.40) 13 (6.70) 0.788 34 (6.71) 13 (7.70) 0.662

Male factor infertility, n (%) 3355 (59.00) 142 (73.20) <0.001 356 (70.22) 120 (71.01) 0.846

Other, n (%) 703 (12.36) 32(16.49) 0.058 175 (14.79) 27 (15.98) 0.710

Biochemical pregnancy, % 4.54 (258/5686) 2.06% (4/194) 0.10 4.93 (25/507) 2.37 (4/169) 0.154

Clinical pregnancy, % 43.00 (2445/5686)  46.91 (91/194) 0.28  50.49 (256/507) 47.93 (81/169)  0.564

Implantation, % 29.14 (3091/10,608) 31.61 (110/348) 0.319 36.20 (333/920) 33.44 (103/308)  0.382

Miscarriage, % 17.55 (429/2445) 14.29 (13/91) 0.421 19.53 (50/256) 13.58 (11/81) 0.225

Ectopic pregnancy, % 1.72 (42/2445) 2.20 (2/91) 0.949 1.56 (4/256) 2.47 (2/81) 0.956

Multiple births, % 23.77 (469/1973) 23.38 (18/77) 0.936 31.68 (64/202) 26.47 (18/68) 0.419

Live births, % 34.70 (1973/5686)  39.69 (77/194) 0.151 39.84 (202/507) 40.24 (68/169)  0.928

Differences in mean values were compared between the groups using Student’s ¢ test. Differences in rates were compared between the groups
using the chi-square test or Fisher’s exact, as appropriate. P <0.05 was considered statistically significant

No. number, FET frozen—thawed embryo transfer, /CSI intracytoplasmic sperm injection, AOA artificial oocyte activation, BMI body mass index

singletons were born in the ICSI group, and 59 were born in
the ICSI-AOA group. No significant differences were found
in birth weight, gestational week and fetal sex between the
two groups, and similar results were observed in twin deliv-
eries (Table 2). In terms of birth defects, twin boys with
congenital anomaly (patent ductus arteriosus) were found in
the ICSI-AOA group, and 31 babies with congenital defects
were found in the routine ICSI group. The birth defect
rate was not significantly different between the two groups
(2.11% vs. 1.27%, P> 0.05). Types of birth defects among
live-born babies are presented in Table 3.

However, we also found that there were significant dif-
ferences in the average ages of both spouses and causes of
infertility between the routine ICSI group and ICSI-AOA
group (P <0.05, Table 2). We further analyzed the neo-
natal outcomes in the two matched groups to control for

the differences in patients’ characteristics. 86 babies of the
ICSI-AOA group were compared to 266 babies of the routine
ICSI group, no significant differences were found in neonatal
outcomes, and similar results were observed in singletons or
twin deliveries, respectively (P >0.05, Table 2).

Discussion

Comparisons of results between our study
and previous studies

FET performed with the freeze-all policy has become
increasingly popular in the recent years. The poten-
tial advantage of this strategy is that it can enhance
embryo—endometrium synchrony and provide a more
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physiologic environment for the embryos [25, 26]. Several
studies have suggested that FET is associated with better
clinical outcomes than fresh ET [27, 28]. Because of these
strengths, the freeze-all policy has been performed in our
center. So far, the safety of AOA in infertile patients under-
going FET remains unknown. Herein, this study is designed
to assess the impact of AOA on pregnancy and neonatal
outcomes of infertile patients following FET.

Previous studies mainly focused on comparisons of clini-
cal outcomes between previous ICSI cycles and subsequent
ICSI-AOA cycles in the same patients [3, 4, 6]. However, it
is still unclear to what extent AOA can improve pregnancy
outcomes compared to routine ICSI. Here, we found that
there were no significant differences in pregnancy outcomes
between the routine ICSI group and ICSI-AOA group, and
similar results were also observed after propensity score
matching (Table 1), which suggested that AOA might yield
comparable pregnancy outcomes to those of patients with
routine ICSL.

At present, several studies have reported that the applica-
tion of AOA may improve the clinical outcomes in patients
for different infertile indications, including null or low fer-
tilization [4—-6], poor embryo development [7], and severe
male factor infertility [8—12]. 38, 32, 25, 22, and 16 healthy
children born following AOA were reported, showing no
major congenital malformations [4, 5, 7, 8, 13]. However,
the number of babies born from infertile patients undergoing
AOA was still limited, more neonates should be collected
to assess the safety of AOA. Herein, we summed 95 AOA
babies from different indications to evaluate neonatal out-
comes. Our results showed that there were no significant
differences in birth weight, gestational age, fetal sex, and
preterm birth between patients undergoing routine ICSI and
those of ICSI-AOA. Additionally, no neonatal mortality case
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was found and only twin boys with patent ductus arterio-
sus were delivered in ICSI-AOA group. Miller et al. [29]
reported that the birth defect rates were about 6% in routine
ICSI group and 9% in ICSI-AOA group, which were higher
than ours. Our results showed that the birth defect rates in
routine ICSI group and ICSI-AOA group were 1.27% and
2.11%, respectively, which is similar to those of published
papers [22, 30-32]. The reason for the difference may be that
we have no information of pregnancy termination in early
developmental stage and chromosomal anomalies examined
with prenatal diagnosis, which led to underestimating the
prevalence of birth defects [33, 34].

In the present study, we found that the average maternal
ages of patients delivering babies were different between
patients with ICSI-AOA and those with routine ICSI
[31.57 £4.00 versus (vs.) 33.95+4.33, P<0.001, Table 2],
which was similar to that in a previous study [29]. Although
higher maternal age is associated with an increased risk
of birth defects [35], a higher rate of birth defects was not
found in the routine ICSI group. Moreover, no significant
differences were also found in the two marched groups with
balanced characteristics (Table 2). Thus, we speculated that
the occurrence of live birth defect may not be influenced by
the age factor in this study.

Currently, the most widely used chemical reagents for
AOA are, Ca** ionophores, A23187 and ionomycin [36].
Nikiforaki et al. [37] assessed the effect of these two AOA
compounds in human and mouse oocytes and found that
ionomycin was more potent than A23187 in increasing
Ca”* release and oocyte activation rate. However, they did
not evaluate the safety of the two AOA reagents in terms
of offspring. In this study, we found that ionomycin may
not increase the risk of birth defects, which is consistent
with the results of, Ca*>* ionophore, A23187 in past studies
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Table 2 Neonatal outcomes of FET between the routine ICSI and ICSI-AOA groups

Group Before propensity score matching P-value After propensity score matching P-value

Routine ICSI group ICSI-AOA group Routine ICSI group ICSI-AOA group

No. of patients 1973 77 202 68

Female age, years 33.95+4.33 31.57+4.00 <0.001 31.98+4.18 32.15+3.67 0.769

Male age, years 36.24+5.63 34.08£5.43 0.001 34.43+5.13 34.43+5.18 0.995

BMI, kg/m? 21.70£3.18 21.37+£3.04 0.380  21.15+2.23 21.33+£2.59 0.575

No. of embryos transferred 3766 146 377 131

No. of embryos per transfer 1.91+0.29 1.90+0.31 0.706 1.87+0.34 1.93+0.26 0.134

Type of embryo transferred cycles 0.273 0.629

Cleavage embryo transferred cycles, n (%) 1833 (92.90) 69 (89.61) 180 (89.12) 62 (91.18)

Blastocyst transferred cycles, n (%) 140 (7.10) 8 (10.39) 22 (10.89) 6 (8.82)

Endometrial thickness, mm 11.14£2.30 11.07 £2.59 0.830 10.97 £2.36 10.98 £2.52 0.991

Endometrium preparation 0.287 0.292

Natural cycles, n (%) 1050 (53.22) 40 (51.95) 92 (45.54) 37 (54.41)

Stimulated cycles, n (%) 405 (20.53) 21 (27.27) 53 (26.24) 18 (26.47)

Hormone therapy cycles, n (%) 518 (26.25) 16 (20.78) 57 (28.22) 13 (19.12)

Causes of infertility

Tubal factor infertility, n (%) 961 (48.71) 26 (33.77) 0.01 81 (39.90) 26 (38.24) 0.786

Polycystic ovary syndrome, n (%) 204 (10.34) 6(7.79) 0470  18(8.87) 5(7.35) 0.691

Endometriosis, n (%) 141 (7.15) 5(6.49) 0.827 11 (5.42) 5(7.35) 0.780

Male factor infertility, n (%) 1264 (64.06) 60 (77.92) 0.013 149 (73.40) 51 (75.00) 0.840

Other, n (%) 190 (9.63) 10 (12.99) 0.330 29 (14.78) 8 (11.76) 0.591

No. of children 2442 95 0913 266 86 0.421
Single 1504 (76.23) 59 (76.62) 138 (68.32) 50 (73.53)

Twins 938 (23.77) 36 (23.38) 128 (31.68) 36 (26.47)

Birth weight (g) 3020.2+£611.51 3023.6+603.50 0.958  2932.10£649.20  3021.50+571.40 0.255
Single 3320.0£497.72 3256.7+£563.99 0.344  3378.21+£449.92  3290.40+486.55 0.251
Twins 2546.2+448.10 26479446330 0.182  2474.73+473.90  2647.92+463.30 0.053

Gestational age (weeks) 37.98+2.00 37.93+2.40 0.847 37.87+2.08 37.98+2.01 0.693
Single 38.59+1.60 38.33+2.27 0.235  38.73+1.37 38.46+1.55 0.248
Twins 36.04+1.94 36.67+2.54 0.182  36.02+2.13 36.67+2.54 0.277

Sex (male/female) 1232/1210 45/50 0.556  138/128 43/43 0.762
Single 765/739 27/32 0.442  80/58 25/25 0.331
Twins 467/471 18/18 0.992  58/70 18/18 0.618

Preterm birth rate, % 16.52% (326/1973)  10.39% (8/77) 0.153 19.31% (39/202) 10.29% (7/68) 0.087

Early-neonatal death rate (%) 0.25% (6/2442) 0 1 0 0 /

Live birth defects (%) 1.27% (31/2442) 2.11% (2/95) 0.807 1.13% (3/266) 2.33% (2/86) 0.770

Differences in mean values were compared between the groups using Student’s ¢ test. Differences in rates were compared between the groups
using the Chi-square test or Fisher’s exact, as appropriate. P <0.05 was considered statistically significant

No. number, FET frozen—thawed embryo transfer, /CS/ intracytoplasmic sperm injection, AOA artificial oocyte activation, BMI body mass index

[4-7]. Potential risks of AOA such as mutagenic and epi-
genetic effects on oocytes and embryos should be inves-
tigated further. In addition, Evgenia et al. [38] reported a
successful pregnancy after the calcium ionophore correc-
tion of pronuclei position in oocytes after ICSI, providing
one more direction of AOA study, such as for correction
of a pronuclei position.

Strengths and limitations

In previous studies, all AOA treatments were followed by
fresh ET, and the sample sizes were limited [2—13]. With
the increasing use of freeze-all policy, it is imperative and
important to evaluate the safety of AOA in those patients
undergoing FET. The main strength of this study is the first
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Table 3 Types of congenital
malformations among live-born
infants

Type of malformation

ICD-10 code and diagnosis

Routine ICSI
group, n

ICSI-
AOA
group, n

Circulatory system

Digestive system 0
Urinary system
Nervous system 0
Other malformations

Total birth defects

Q21.1: atrial septal defect (7)

Q21.3: tetralogy of Fallot (1)

Q22.4: tricuspid atresia (0)

Q21.103: patent foramen ovale (1)
Q25.001: patent ductus arteriosus (3)
Q20.3: ventricular septal defect (3)
Q28.3: hemangioma (5)

N43.301: hydrocele (1)

Q27.3: peripheral arteriovenous malformation (2)
Q55.002: favism (2)

Q90.902: Down syndrome (1)

Q38.101: ankyloglossia (2)

P05.901: intrauterine growth retardation (0)
Q69.901 polydactyly (2)

Q79.8: Poland syndrome (1)

Q36.1: cleft lip (1)

MO08.251: coxitis (1)

1.30 (33/2537)

_ = = N O N = NN O = O W W om m O =
N O O O O O OO0 OO0 OO0 OO O MNMO O O O

[O¥]

ICD-10 International classification of diseases, tenth revision, /CSI intracytoplasmic sperm injection, AOA

artificial oocyte activation

investigation of pregnancy and neonatal outcomes includ-
ing live birth defects in AOA patients undergoing FET. Our
results showed similar pregnancy and neonatal outcomes
between ICSI-AOA and routine ICSI groups. A total of 95
babies were born, which is a relatively larger number of
live infants born from AOA compared to those in published
papers [3-8, 11, 13]. Importantly, our neonatal outcomes
indicated that the risk of live birth defects was not increased
by AOA in patients undergoing FET. These findings sug-
gest that AOA may be considered a safe method for clinical
application in assisted reproductive technology.

In this study, propensity score matching was used to
control for potential confounders between patients with
routine ICSI and those with ICSI-AOA. It enabled us
to assess the clinical outcomes independently from the
patients’ characteristics, which varied considerably
between the two groups. This approach is valuable in stud-
ies where treatment assignment is not randomized, and it
can be considered as an effective method for finding rep-
licated allocation in conventional randomized controlled
trials [14, 39]. In our case, the optimal matching propor-
tion was 3:1 for the routine ICSI and ICSI-AOA groups
(Fig. 1). As expected, the characteristics of the two groups
were well matched, and the differences were effectively
controlled. Similar pregnancy and neonatal outcomes were

@ Springer

observed before and after the matching process (Tables 1,
2). The results indicated that the variances of different
characteristics between the two groups had little effect on
the clinical outcomes in our study.

The present study also has some limitations. First,
we did not analyze the data separately according to dif-
ferent AOA indications due to the limited sample size.
Second, information of pregnancy termination during the
early developmental period and chromosomal anomalies
detected with prenatal diagnosis were unavailable, which
may have resulted in underestimation of the birth defect
rates. Third, because of the freeze-all policy established in
our center, we could not compare the pregnancy and neo-
natal outcomes of ICSI-AOA between ET and FET cycles.

In conclusion, the results of the present study demon-
strated that AOA with ionomycin does not bring adverse
effect on pregnancy and neonatal outcomes in infertile
patients undergoing FET treatment. These findings are
beneficial to clinicians counseling patients on the risks of
AOA. Further ideal studies would be a randomized con-
trolled trial in a multicenter setting and evaluate clinical
safety regarding long-term follow-up of large numbers of
children born from AOA.
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