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Abstract
Purpose When rescue artificial oocyte activation (ROA) is performed on the day after intracytoplasmic sperm injection (ICSI) or
later, embryonic development is poor and seldom results in live births. The efficacy of an early ROA after ICSI is unclear. Is early
ROA effective in rescuing unfertilized oocytes that have not undergone second polar body extrusion several hours after ICSI?
Methods We performed retrospective cohort study between October 2016 and September 2019, targeting 2891 oocytes in 843
cycles when ICSI was performed. We performed ROA with calcium ionophore on 395 of the 475 oocytes with no second polar
extrusion 2.5–6 h after ICSI.
Results The normal fertilization rate of ROA oocytes was significantly higher than non-ROA oocytes (65.8% vs 6.7%, P <
0.001). The blastocyst development rate in ROA oocytes was significantly lower than spontaneously activated oocytes (48.9% vs
67.2%, P < 0.001). The ROA oocyte implantation rate did not significantly differ from the spontaneously activated oocytes
(36.0% vs 41.2%). We observed no differences in the implantation rates and blastocyst development rates over the 2.5–6 h from
ICSI until ROA.
Conclusion Early ROA is effective, and the optimal timing appears to be 2.5–6 h after ICSI.

Keywords Artificialoocyteactivation . Inactivatedoocytes .Calciumionophore . Intracytoplasmicsperminjection .Secondpolar
body

Introduction

It is well known that performing artificial oocyte activation
(AOA) with calcium ionophore directly after intracytoplasmic
sperm injection (ICSI) at the subsequent treatment session for
cases that exhibited complete fertility impairment and low
fertilization rates after ICSI improves fertilization rates [1],
and it is widely used clinically. However, AOA is unnecessary
if fertilization of oocytes progresses normally after ICSI with-
out any additional treatment. As the safety of this procedure,

particularly with respect to the future child, is unknown, un-
necessary performing AOA needs to be avoided.

When performing rescue artificial oocyte activation (ROA)
for oocytes in which second polar body extrusion cannot be
directly confirmed after a certain length of time has passed
after ICSI, performing ROA on the day following ICSI or later
may enable oocyte fertilization; however, blastocyst develop-
ment is extremely poor [2, 3]; only a very small number of
births have been reported to result from this [4]. Factors af-
fecting such poor development resulting from ROA per-
formed long after ICSI include oocyte aging or forced pro-
gression of fertilization in oocytes that have undergone pre-
mature chromosome condensation (PCC) of the sperm nucle-
us [2, 3, 5, 6]. Monitoring whether second polar body extru-
sion has occurred 4.5–5 h after ICSI and performing early
ROA on activation-impaired oocytes that did not exhibit sec-
ond polar body extrusion resulted in more fertilized oocytes
than in oocytes that did not undergo ROA [7]. However, the
efficacy of ROA is yet to be established. Performing ROA too
early will lead to unnecessary procedures, whereas performing
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it too late could result in poor blastocyst development. To the
best of our knowledge, no study has investigated the optimal
ROA timing considering all factors, including blastocyst
development.

We performed ROA on some oocytes with no second polar
body extrusion following ICSI and investigated the efficacy of
performing early ROAwithin 6 h after ICSI until second polar
body extrusion, fertilization, and embryonic development
occurred.

Materials and methods

We retrospectively investigated all cases of ICSI between
October 2016 and September 2019. Among the metaphase
(M) II oocytes at the time of retrieval, we performed ROA on
the oocytes following ICSI between 12:00 and 15:00. We per-
formed ROA on the retrieved oocytes in which second polar
body extrusion of ≤70% was achieved (ROA oocytes). We did
not perform ROA on oocytes in which >70% exhibited second
polar body extrusion (non-ROA oocytes). Even if ≤70% oo-
cytes exhibited second polar body extrusion, ROA was not
performed if the spindle body could not be confirmed during
ICSI, if the oocyte exhibited significant cytoplasm twisting
when ROA was to be performed or if the oocyte was of very
poor quality (non-ROA oocytes). Patients who underwent
AOA immediately after ICSI due to low fertilization rate in
the previous cycle were excluded from ROA. Therefore, our
analysis targeted 2891 oocytes from 843 cycles.

Ethical approval

We obtained informed consent after providing sufficient ex-
planations that ROA could result in a large number of fertil-
ized oocytes and the fact that the effects of ROA on children
born after this procedure are unknown. This study was con-
ducted in accordance with the Declaration of Helsinki, with
the approval of the Ethics Committee of the XXXXXXX
XXXXXX XXXXXX. We obtained permission to access
the database.

Oocyte retrieval and ICSI

Controlled ovarian hyper-stimulation was performed using
the agonist/hMG, antagonist/hMG, and clomiphene/antago-
nist/hMG methods. Oocyte retrieval was performed using
transvaginal ultrasound guidance 36–38 h after a trigger was
applied with hCG or GnRHa agonist. We performed oocyte
retrieval between 7:00 and 10:00. At the time of egg inspec-
tion, using an inverted microscope (IX70, Olympus, Tokyo,
Japan), we confirmed the presence of the first polar body by
extending and observing the egg cumulus cell complex. We
then classified the oocytes as either MII or MI oocytes. After

placing the retrieved oocytes in a preculture (HTF medium;
Irvine Scientific, Santa Ana, USA) for at least 3 h, they were
denudated by placing them in a modified HTFmedium (Irvine
Scientific, Santa Ana, USA) containing 0.025% hyaluroni-
dase. We observed the spindle body using a spindle visuali-
zation system (Oosight Imaging system, Hamilton Thorne,
Beverly, USA) and performed ICSI. Directly after ICSI, the
oocytes were transferred to a global medium (Life Global,
Brussels, Belgium) and cultured in a time-lapse incubator
(CCM-iBIS, Astec, Fukuoka, Japan). Images at 15-min inter-
vals were taken to observe second polar body extrusion. The
time at which second polar body extrusion was considered to
have occurred was when the entire second polar body had
emerged from the cytoplasm.

Performing ROA

We performed ROA between 17:30 and 18:30 (≥2.5 h and
<6 h after ICSI) (ROA oocytes). ROA was performed by
soaking the oocytes in a culture medium (modified HTF me-
dium, Irvine Scientific, Santa Ana, USA) containing 10 μg
calcium ionophore (A23187, Sigma-Aldrich, St. Louis, USA)
added for 15min at 37°Cwhile shielded from the light outside
the incubator. Before performing ROA, we confirmed if no
second polar body extrusion had occurred using an inverted
microscope. For oocytes in which there were signs of second
polar body extrusion, such as elevation of the cell surface and
oocytes in which the second polar body was unclear, the spin-
dle body was observed as an aid for evaluation before
performing ROA.

Blastocyst culture and transfer

Fertilization was considered to occur if we observed an ap-
pearance and disappearance of the pronucleus using a time-
lapse incubator.

Apart from 12 embryos that underwent fresh cleavage
stage embryo transfer, all embryos were cultured until the
blastocyst stage and then frozen. Blastocysts that had in-
creased in size to at least the Gardner classification [8] 2BB
on the afternoon of day 4 and to at least stage 3 on days 5 or 6
were frozen. The 2PN embryos were considered to be of good
quality if they had matured to at least 2BB on day 4, to at least
3BB on day 5 and to at least 4BB on day 6.

After thawing the blastocyst for 4–20 h, we transferred
them into the uterus of the subjects during the oocyte retrieval
cycle or a hormone-regulated cycle and compared the single-
blastocyst transfer cases.

Statistical analyses

We compared the fertilization and development of spontane-
ously activated oocytes, ROA oocytes, and non-ROA oocytes
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using chi-squared test and revised multiple comparison with
the Bonferroni method. In addition, we compared implanta-
tion and miscarriage rates for the spontaneously activated oo-
cytes and ROA oocytes using chi-squared test. Furthermore,
we investigated the age at oocyte retrieval using Mann–
Whitney’s U test. We used Kruskal–Wallis test and multiple
comparisons with the Bonferroni method to investigate a pos-
sible relationship between the time from ICSI to ROA and
fertilization rates. We investigated the blastocyst development
rates using Mann–Whitney’s U test. We used Spearman’s
correlation coefficient to compare the ICSI–ROA times and
time fromROA to second polar body extrusion in each case. P
values of <0.05 were considered to indicate statistically sig-
nificance. The overall statistical analyses were performed
using Software R.

Results

Comparison of spontaneously activated oocytes, ROA
oocytes, and non-ROA oocytes

Among the 2891 oocytes that underwent ICSI, we excluded
104 that directly degenerated after ICSI and 22 that were un-
able to undergo clear analysis with time-lapse imaging. By
17:30–18:30, when the decision was made on whether to per-
form ROA, 2290 oocytes had spontaneously activated and
released the second polar body (spontaneously activated oo-
cytes). The second polar body extrusion could not be con-
firmed during the final assessment of 475 oocytes. Of these,
395 oocytes from 241 cycles were subjected to ROA (Fig. 1).

For spontaneously activated oocytes, the 2PN, 1PN, ≥3PN,
0PN, blastocyst development, and good quality blastocyst de-
velopment rates were 90.7%, 3.0%, 2.6%, 3.8%, 67.2%, and
37.8%, respectively, whereas for ROA oocytes, these rates
were 65.8%, 10.6%, 5.3%, 18.2%, 48.9%, and 20.5%,

respectively. Therefore, when compared with spontaneously
activated oocytes, ROA oocytes exhibited significantly lower
2PN, blastocyst development, and good quality blastocyst de-
velopment rates (P < 0.001) and significantly higher 1PN (P <
0.001), ≥3PN (P < 0.0036), and 0PN rates (P < 0.001).

For the non-ROA oocytes, the 2PN, 1PN, ≥3PN, 0PN,
blastocyst development, and good quality blastocyst develop-
ment rates were 6.7%, 5.3%, 13.3%, 74.7%, 40.0%,and 0%,
respectively. Therefore, when compared with the non-ROA
oocytes, ROA oocytes exhibited significantly higher 2PN
rates (P < 0.001) and significantly lower ≥3PN (P = 0.0093)
and 0PN rates (P < 0.001; Table 1).

The spontaneously activated oocytes-blastocyst implanta-
tion and miscarriage rates were 41.4% and 20.5%, respective-
ly, whereas the good quality blastocyst implantation and mis-
carriage rates were 45.9% and 18.4%, respectively. The ROA
oocyte-blastocyst implantation and miscarriage rates were
36.0% and 44.4%, respectively, whereas the good quality
blastocyst implantation and miscarriage rates were 41.2%
and 28.6%, respectively (Table 2).

Time from ICSI until second polar body extrusion

Cumulative second polar body extrusion rates between ICSI
and second polar body extrusion for spontaneously activated
oocyte were 2.5% for <1 h after ICSI, 52.4% at <2 h, 89.7% at
<3 h, and 98.6% at <4 h. The mean time until second polar
body extrusion was 119 ± 44 min.

Second polar body extrusion occurred in 310 of the 395
oocytes that underwent ROA. Cumulative second polar body
extrusion rates between ICSI and second polar body extrusion
for ROA oocytes that exhibited second polar body extrusion
were 4.2% at <4 h after ICSI, 25.4% at <5 h, 71.2% at <6 h,
and 93.0% at <7 h. The mean time until second polar body
extrusion was 332 ± 60 min (Fig. 2). Isolated bimodality was
observed in the frequency distribution of time between ICSI
and second polar body extrusion for spontaneously activated
and ROA oocytes.

Fertilization rates and blastocyst development rates
for good- and poor-quality non-ROA oocytes

Although there was no second polar body extrusion, ROA
was not performed in 75 oocytes. These comprised 54 good
quality oocytes that did not undergo ROA because another
oocyte with sufficient second polar body extrusion were ob-
tained and 21 poor-quality oocytes that did not undergo ROA
due to the poor quality of oocytes (Table 3).

After the final observation to determine second polar body
extrusion, 2 (3.7%) of the 54 good quality oocytes released the
second polar body. We observed second polar body extrusion
285 ± 21 min after ICSI and classified both oocytes as 2PN.
Among the 52 good quality oocytes that did not exhibit

Fig. 1 Study flow chart. ICSI, intracytoplasmic sperm injection; ROA,
rescue artificial oocyte activation
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second polar body extrusion, pronuclei were confirmed in four
(7.7%), and 2PN was confirmed in one oocyte (1.9%).

After the final observation to determine second polar body
extrusion, 2 (9.5%) of the 21 poor-quality oocytes released the
second polar body. Second polar body extrusion was observed
at 390 ± 42min after ICSI, with one oocyte becoming 1PN and
the other 3PN. Among the 19 poor-quality oocytes that did not
exhibit second polar body extrusion, pronuclei were confirmed
in 10 oocytes (58.8%), but only two (10.5%) were 2PN. Thus,
poor-quality oocytes took a longer time than the good quality
ones for second polar body extrusion. Moreover, many oocytes
exhibited pronuclei without any second polar body extrusion,
with a larger rate of abnormal fertilization of ≥3PN.

Time from ICSI to ROA and time from ROA to second
polar body extrusion

We performed ROA on 286 oocytes between 2.5 and 6 h after
ICSI. It was performed at <3 h after ICSI for 13 oocytes
(4.2%), ≥3 and <4 h for 156 (50.3%), ≥4 and <5 h for 121
(39.0%), and ≥5 and <6 h for 20 (6.5%; Table 4).

The cumulative second polar body extrusion rates between
ROA and second polar body extrusion for ROA oocytes that
exhibited second polar body extrusion were 4.2% at <30 min
after ROA, 14.8% at <1 h, 74.5% at <2 h, and 93.5% at <3 h
(mean time: 98 ± 59 min). We observed no relationships be-
tween the time from ICSI to ROA and time from ROA to
second polar body extrusion (P = 0.071). However, a shorter
time from ICSI to ROA was associated with a larger percent-
age of oocytes that exhibited second polar body extrusion
within an hour after ROA.

The comparison of relative frequency distribution between
ICSI and second polar body extrusion in spontaneously acti-
vated oocytes and the time from ROA to second polar body
extrusion in ROA oocytes revealed that the result was
approximately 20 min shorter for ROA oocytes.
Moreover, the percentage of oocytes that exhibited sec-
ond polar body extrusion within 30 min was slightly
higher for ROA oocytes (Fig. 3). We observed no rela-
tionships among ICSI to ROA time with fertilization,
blastocyst development, good quality blastocyst devel-
opment, implantation, or miscarriage rates (Table 5).

Table 1 Fertilization and blastocyst development rates of embryos derived from oocytes with second polar body extrusion either by spontaneous
activation or rescue artificial activation (ROA) and non-ROA that did not exhibit extrusion

Spontaneously
activated oocytes

ROA oocytes Non-ROA oocytes P value

Spontaneously
activated oocytes vs.
ROA oocytes

ROA oocytes vs.
non-ROA oocytes

Number of oocytes 2290 395 75

1PN rate, n (%) 68 (3.0%) 42 (10.6%) 4 (5.3%) <0.001 0.15

2PN rate, n (%) 2077 (90.7%) 260 (65.8%) 5 (6.7%) <0.001 <0.001

3PN or higher rate, n (%) 59 (2.6%) 21 (5.3%) 10 (13.3%) 0.0036 0.0093

0PN rate, n (%) 87 (3.8%) 72 (18.2%) 56 (74.7%) <0.001 <0.001

Blastocyst development
rate, n (% per 2PN)

1396 (67.2%) 127 (48.9%) 5 (40.0%) <0.001 1.00

Good quality blastocyst
development rate, n (% per 2PN)

785 (37.8%) 53 (20.5%) 0 (0.0%) <0.001 0.59

Table 2 Clinical outcome of
embryos from spontaneously and
rescued artificially activated
oocytes (ROA), respectively

Spontaneously
activated oocytes

ROA oocytes P value

Single-blastocyst transfer number 425 25

Age at oocyte retrieval 35.7 ± 4.8 36.7 ± 3.9 0.38

Implantation rate, n (% per blastocyst transfer) 176 (41.4%) 9 (36.0%) 0.74

Miscarriage rate, n (% per clinical pregnancy) 36 (20.5%) 4 (44.4%) 0.20

Live birth rate, n (% per blastocyst transfer) 140 (32.9%) 5 (20%) 0.20

Good quality single-blastocyst transfer number 344 17

Implantation rate, n (% per good quality blastocyst transfer) 158 (45.9%) 7 (41.2%) 0.89

Miscarriage rate, n (% per clinical pregnancy) 29 (18.4%) 2 (28.6%) 0.86

Live birth rate, n (% per good quality blastocyst transfer) 129 (37.5%) 5 (29.4%) 0.68
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Discussion

Frequency distribution for the time between ICSI and second
polar body extrusion exhibited isolated bimodality for the spon-
taneously activated and ROA oocytes. In the ROA oocytes,
fertilization progressed and second polar body extrusion oc-
curred as a result of ROA. The fertilization rate of the ROA
oocytes was significantly higher than the non-ROA oocytes,
thereby proving the efficacy of performing ROA within 6 h
following ICSI. We observed sperm nuclei exhibiting PCC in
many oocytes unfertilized on the day following ICSI, indicating
thatmany cases of unfertilized oocyteswere caused by activation
failure [9–11]. The second polar body extrusion rate for ROA
oocytes was high (78.5%), indicating efficient activation even in
oocytes that exhibited activation failure. Thus, performing ROA
could rescue many activation-impaired oocytes.

Even if the second polar body was not released, some eggs
did not undergo ROA, but the second polar body extrusion
occurred after the final determination of the second polar body
release. However, this percentage was low in our study
(5.3%). Enjoji et al. [7] reported that after observing the sec-
ond polar body for 4.5–5 h after ICSI, ROAwas performed on
some oocytes that did not exhibit second polar body extrusion,
resulting in fertilization of 73% and 41% oocytes that did and
did not undergo ROA, respectively. The lower fertilization
rates for non-ROA oocytes in our study may be due to the fact
that a different method was used to assess whether second
polar body extrusion had occurred. In the present study, we
used a time-lapse incubator to observe second polar body
extrusion, and we observed the spindle body of oocytes for
which the second polar body was unclear. Therefore, we were
able to accurately determine whether second polar body ex-
trusion had occurred. This may have resulted in a lower fer-
tilization rate for the non-ROA oocytes.

AOA for cases that have exhibited low fertilization rates in
the past is usually performed immediately after to 30 min after
ICSI [12]. Performing activation at a later time point is likely
to result in poorer development. We performed ROA 2.5 to
<6 h after ICSI, and our results suggested that performing
ROA within this range does not greatly affect fertilization
and development. However, the development of ROA oocytes
is poorer than that of spontaneously activated oocytes. This
may be due to oocyte aging because fertilization does not
progress or due to sperm changes within the ovum.
Although reports reveal that longer times from oocyte retriev-
al to ICSI and from denudation to ICSI result in lower fertil-
ization and pregnancy rates [13–15], other reports indicate that

Fig. 2 Frequency comparison of time from ICSI until second polar body
extrusion between spontaneously activated and ROA oocytes. ROA,
rescue artificial oocyte activation

Table 3 Time between
intracytoplasmic sperm injection
(ICSI) and second polar body ex-
trusion, fertilization, and blasto-
cyst development rates of embry-
os from good- and poor-quality
rescued non-artificially activated
(ROA) oocytes, respectively

Extrusion No extrusion

Number of good quality non-ROA oocytes 2 52

Mean time until extrusion 4:45 ± 21

1PN rate, n (%) 0 (0.0%) 1 (1.9%)

2PN rate, n (%) 2 (100.0%) 1 (1.9%)

3PN or higher rate, n (%) 0 (0.0%) 2 (3.9%)

0PN rate, n (%) 0 (0.0%) 48 (92.3%)

Blastocyst development rate, n (% per 2PN) 1 (50.0%) 1 (100.0%)

Good quality blastocyst development rate, n (% per 2PN) 0 (0.0%) 1 (0.0%)

Number of poor-quality non-ROA oocytes 2 19

Mean time until extrusion 6:30 ± 42

1PN rate, n (%) 1 (50.0%) 2 (10.5%)

2PN rate, n (%) 0 (0.0%) 2 (10.5%)

3PN or higher rate, n (%) 1 (50.0%) 7 (36.8%)

0PN rate, n (%) 0 (0.0%) 8 (42.1%)

Blastocyst development rate, n (% per 2PN) - 0 (0.0%)

Good quality blastocyst development rate, n (% per 2PN) - 0 (0.0%)

ICSI intracytoplasmic sperm injection, ROA rescue artificial oocyte activation

1065J Assist Reprod Genet (2021) 38:1061–1068



there are no effects until 9 [16] or 12 h [17] following ICSI.
Thus, no consensus has been reached regarding how delayed
ICSI timing affects embryo development. The development of
ROA oocytes may be impaired as activation is more delayed
for these oocytes than spontaneously activated oocytes that
undergo ICSI. Moreover, it takes a significant amount of time
after sperm injection before activation is stimulated in ROA
oocytes. During this time, more oocytes may exhibit PCC of
the sperm nucleus, which could also impair development. The
1PN rate for ROA oocytes may have been higher than that for
spontaneously activated oocytes because oocytes into which
sperm had not entered were activated, resulting in female 1PN
oocytes. Moreover, the sperm nucleus already exhibited PCC,
making it impossible for some oocytes to form male PN.
When performing ROA on the day after ICSI or later, devel-
opment is extremely poor even after achieving a fertilized
oocyte. Therefore, it is important to perform ROA as quickly
as possible, before the sperm exhibits PCC.

Oocytes that underwent ROA within 3 h following ICSI
tended to exhibit second polar body extrusion within a short
period of time. Thus, it considered that more oocytes that
underwent ROA within 3 h after ICSI underwent fertilization
without ROA being performed compared to the oocytes that

underwent ROA 3 h after ICSI and thereafter. The oocytes for
which second polar body extrusion was observed within 0.5 h
after ROA appeared to have included a large number of oo-
cytes that would fertilize even if ROA was not performed.
This accounts for 15% of the oocytes that underwent ROA
within 3 h following ICSI and approximately 4% of the oo-
cytes that underwent ROA ≥3 h following ICSI. When we
compared the time between ICSI and second polar body ex-
trusion in spontaneously activated oocytes with that between
ROA and second polar body extrusion in ROA oocytes, it was
found to be approximately 20 min earlier for ROA oocytes.
This is possibly because in a certain number of ROA oocytes,
while the sperm was injected into the cytoplasm and
decondensation of the sperm nucleus occurred, metaphase-
promoting factor activation did not decrease and fertilization
progression had stopped. Thus, when performing ROA at
least 3 h following ICSI, when using a time-lapse incubator
to observe polar body dynamics to accurately determine sec-
ond polar body extrusion based on observation of the spindle
body, if second polar body extrusion is unclear, the rate of
unnecessary ROA procedures could be kept to ≤4%.

Although we observed no differences in embryo develop-
ment of ROA oocytes at 2.5–6 h following ICSI, as few

Table 4 Relationship between
time from ICSI to ROA and time
from ROA to second polar body
extrusion in ROA oocytes that
exhibited second polar body
extrusion

Time from ROA to second polar body extrusion (h)

<0.5 <1 <2 <3 ≥3

Time from
ICSI to ROA (h)

<3 2 (15.3%) 2 (30.8%) 6 (76.9%) 3 (100%)

3 to <4 5 (3.2%) 17 (14.1%) 94 (74.4%) 30 (93.6%) 10 (100%)

4 to <5 5 (4.1%) 13 (14.9%) 70 (72.7%) 24 (92.6. %) 9 (100%)

≥5 1 (5.0%) 1 (10.0%) 15 (85.0%) 2 (95.0%) 1 (100%)

Actual numbers refer to the number of oocytes, % values refer to cumulative second polar body extrusion rates by
time from ICSI to ROA; r = 0.071, P = 0.21

ICSI intracytoplasmic sperm injection, ROA rescue artificial oocyte activation

Table 5 Fertilization rates,
blastocyst development rates, and
clinical outcome by time from
ICSI to ROA

<4 h ≥4 h P value

ROA oocytes 169 141

1PN rate, n (%) 23 (13.6%) 17 (12.1%) 0.46

2PN rate, n (%) 132 (78.1%) 118 (83.7%)

3PN or higher rate, n (%) 7 (4.1%) 4 (2.8%)

0PN rate, n (%) 7 (4.1%) 2 (1.4%)

Blastocyst development rate, n (% per 2PN) 67 (50.7%) 57 (48.3%) 0.98

Good quality blastocyst development rate, n (% per 2PN) 28 (21.2%) 23 (19.5%) 1.00

Single-blastocyst transfer number 15 10

implantation rate, n (% per blastocyst transfer) 6 (40.0%) 3 (30.0%) 0.93

Miscarriage rate, n (% per clinical pregnancy) 2 (33.3%) 2 (66.7%) 0.81

Live birth rate, n (% per blastocyst transfer) 4 (26.7%) 1 (10.0%) 0.61

ICSI intracytoplasmic sperm injection, ROA rescue artificial oocyte activation

1066 J Assist Reprod Genet (2021) 38:1061–1068



oocytes underwent ROA at least 5 h following ICSI, there is a
possibility that development was impaired in such embryos.
Thus, our results suggest optimal timing for performing ROA
tomaximize ROA procedures while minimizing the effects on
embryo development 3–5 h following ICSI. To the best of our
knowledge, this report is the first to prove the efficacy of ROA
including the evaluation of embryo development.

As approximately 10% oocytes that undergo ICSI also under-
go ROA, performing ROA will not necessarily greatly increase
the overall ICSI fertilization rate. However, if good quality oo-
cytes with no second polar body extrusion at least 4 h following
ICSI are left, >95% will not fertilize. It appears that the likeli-
hood of a live birth could increase by performing ROA, achiev-
ing a large number of fertilized oocytes for cases in which only a
small number of oocytes can be retrieved and cases in which
many oocytes do not exhibit second polar body extrusion.

Reports have confirmed the safety of AOA indicating that
performing AOA using calcium ionophore does not increase
the number of abnormal embryos or fetuses [5, 18, 19]. If
AOA was performed on all oocytes directly after ICSI, ROA
will not be required. However, due to the ineffectiveness of
AOA for cases that do not exhibit a low fertilization rate in the
previous cycle [20, 21], performing ROA only on oocytes that
require the procedure appears to be effective.

Although we observed no significant differences in terms
of implantation and miscarriage rates of ROA and spontane-
ously activated oocytes, the implantation rate was low for
ROA oocytes and miscarriage rate tended to be high; the ef-
fects of delayed activation on DNA are unknown. Therefore,
we need to carefully select the cases eligible for ROA.
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