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Objective: Delaying embryo transfer (ET) enables us to select among the embryos available for transfer and is associated with positive effects
on implantation and pregnancy outcomes. However, the optimal day for ET of human cleavage-stage embryos remains controversial.
Methods: A retrospective study of 3,124 in vitro fertilization/intracytoplasmic sperm injection cycles (2,440 patients) was conducted. We com-
pared the effects of day 2 and 3 ET on rates of implantation and pregnancy outcomes between young maternal age (YMA; <38 years old,
n=2,295) and old maternal age (OMA; > 38 years old, n=829) patient groups.

Results: The YMA and OMA groups did not differ in terms of patient characteristics except for the proportion of unexplained factor infertility,
which was significantly greater in the OMA group, and the proportion of arrested embryos, which was significantly greater in the YMA group.
However, the biochemical pregnancy, clinical pregnancy, ongoing pregnancy, abortion, and implantation rates per cycle were not significantly
different between day 2 and 3 ET in the YMA group or the OMA group.

Conclusion: We suggest that offering patients the opportunity to decide which day would be suitable for ET could be part of a patient-friendly
protocol that takes into consideration an infertile woman's circumstances and work schedule by allowing ET to be performed on day 2 instead

of the traditional transfer on day 3.
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Introduction

Embryo transfer (ET) of human cleavage-stage embryos is com-
monly conducted on the third day after oocyte retrieval. One of the
main reasons why ET occurs when human embryos are at the morula
stage is that the fertilized oocyte is normally located in the endome-
trium on days 4 to 5 after ovulation [1]. Therefore, the physiology of
the intrauterine environment is more suitable for the developing
morula on day 3 than it is on day 2 [2]. In general, delaying ET may
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therefore be appropriate if embryo development is satisfactory dur-
ing in vitro culture. Delaying ET can increase the possibility of suc-
cessful implantation and also make it possible to select the most via-
ble embryos for transfer [3]. Previous studies found that day 3 ET led
to higher rates of pregnancy and implantation than day 2 ET [3-5].
However, delaying ET and leaving embryos in in vitro culture condi-
tions could have negative effects on embryo development and could
lead to a decreased number of viable embryos available for transfer
[2]. Shen et al. [6] reported that day 2 ET in patients <40 years of age
was associated with a significant increase in the ongoing pregnancy
rate, with a concomitant decrease in the miscarriage rate. Moreover,
a study showed that pregnancy outcomes in poor responders were
improved by day 2 ET [7]. However, the optimal day for ET of human
cleavage-stage embryos remains controversial. Some recent studies
found no difference in the implantation and pregnancy rates be-

www.eCERM.org 141



B CERM

tween day 2 and 3 ET[1,8,9].

Therefore, we compared the influence of day 2 and 3 ET on the rates
of implantation and pregnancy outcomes in young maternal age
(YMA) and old maternal age (OMA) patient groups.

Methods

1. Participants

A retrospective study of 3,124 in vitro fertilization (IVF)/intracyto-
plasmic sperm injection (ICSI) cycles in patients with normal ovarian
response (n=2,440 patients) was conducted from January 2013 to
December 2016 at Agaon Fertility Clinic, Seoul, Korea. Cycles were di-
vided into groups according to maternal age and the day of ET (YMA:
<38 years old; day 2 ET, n=271 vs. day 3 ET, n=2,024 and OMA:
>38 years old; day 2 ET, n=106 vs. day 3 ET, n=723) (Figure 1). The
criteria for performing ET on day 2 were as follows: (1) if day 3 ET
would have fallen on a holiday, or (2) if the patient could not undergo
ET on day 3. Cycles with a genetic diagnosis, frozen-thawed embryos,
oocyte donation, oocyte activation, repeated implantation failure
(=3 times), and that used surrogate mothers were excluded from
our data. Institutional Review Board approval of Agaon Fertility Clinic
was obtained for this study (IRB No. Agaon IRB-17-001).

2, Ovarian stimulation and IVF/ICSI procedures

All women were treated with either a gonadotropin-releasing hor-
mone (GnRH) agonist long protocol or a GnRH antagonist (Cetrotide,
Merck Serono, Roma, Italy) protocol. Human chorionic gonadotropin
(hCG; Ovidrel, Merck Serono) was given to the patients 36 hours prior
to oocyte retrieval. Oocytes were retrieved via transvaginal ultrasound
guidance with a 19-gauge needle (Dukwoo Medical, Hwaseong, Ko-
rea). Mature oocytes were inseminated with either ICSI or conven-
tional insemination according to the state of the spermatozoa and
oocytes, as well as the patient’s previous IVF history [10]. The pres-

YMA (<38yr)
n=2,295

Day 3ET
n=2,024

Figure 1. Flow diagram of the study design. ICSI, intracytoplasmic
sperm injection; YMA, young maternal age; OMA, old maternal age;
ET, embryo transfer.

OMA (>38yr)
n=829
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ence of two pronuclei was observed at 17 to 19 hours after insemina-
tion. Normal fertilized zygotes were cultured in 30-pL micro-drops in
either a sequential medium (Vitrolife, Gothenburg, Sweden) or a
1-step medium (Life Global, Belgium) and overlaid with paraffin oil
(Vitrolife) in an atmosphere of 6% CO,, 5% O, and 95% humidity at
37°C.

3. ET and dlinical outcomes

Either two or three embryos, which are the number of embryos
recommended by the Ministry of Health and Welfare in Korea, were
transferred either on day 2 or day 3 to the uterus. The available em-
bryos were evaluated for use in ET based on the viable blastomere
number, fragmentation ratio, and symmetrical pattern of blasto-
meres, and ET was performed using a catheter (COOK Medical, Bris-
bane, Australia). The women'’s endometria were prepared according
to artificial cycle protocols with exogenous estrogens. Progesterone
in oil (50 mg/day) was administered on a daily basis until the endo-
metrial thickness reached >8 mm. A positive pregnancy was defined
as the presence of $-hCG (=10 mlU/mL) in the serum 14 days after
oocyte retrieval. Successful implantation and positive clinical preg-
nancy were determined when ultrasonography showed the pres-
ence of a gestational sac at 6 weeks of pregnancy. Abortion was de-
fined as fetal loss before 10 weeks of gestation. Ongoing pregnancy
was defined as a positive pregnancy test followed by the presence of
a heart-beat on an ultrasound examination at 10 weeks of gestation.

4, Statistical analysis

Data were analyzed using SPSS ver. 23.0 (IBM Corp., Armonk, NY,
USA). The statistical differences between groups were assessed with
the independent samples t-test for parametric data. The chi-square
test was used to compare differences in rates. The p-values <0.05
were defined as representing a significant difference.

Results

Atotal of 3,124 cycles were included in the study. The maternal age
classifications (i.e., YMA vs. OMA) were made according to the classi-
fication criteria proposed by Stoop et al. [11]. The YMA and OMA
groups did not differ significantly in terms of the female partner’s
age, the male partner’s age, the number of previous IVF attempts, or
type of infertility, except that unexplained factor infertility was signif-
icantly more common in the OMA group. Nevertheless, the numbers
of retrieved, matured, and fertilized oocytes and embryos transferred
were similar in both groups (Table 1).

As shown in Table 1, the proportion of arrested embryos was signif-
icantly higher for day 3 ET than for day 2 ET in the YMA group (4.2%
vs. 3.0%, p=0.015) and it was also slightly higher in the OMA group
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Table 1. Characteristics of patients who underwent day 2 versus day 3 ET

Maternal age <38yr

Maternal age >38yr

Variable
Day 2 ET Day 3 ET p-value Day 2 ET Day 3 ET p-value

No. of cycles 271 2,024 - 106 723 -
Female age (yr) 33.1x25 33325 0.123 40.0+2.0 40320 0.201
Male age (yr) 353+35 354+34 0.851 41.5+50 409+4.0 0.147
No. of IVF attempts 08+1.0 0.7£1.0 0471 1.1£1.0 1.1£1.1 0.469
Cause of infertility

Female factor 8 (36.2) 787 (38.9) 0.387 72(67.9) 437 (60.4) 0.139

Male factor 41(15.1) 343(16.9) 0.452 3(2.8) 21(29) 0.966

Mixed factor 9(10.7) 168 (8.3) 0.185 16 (15.1) 84(11.6) 0.305

Unexplained factor 103 (38.0) 726 (35.9) 0.491 15(14.2) 181 (25.0) 0.014
No. of oocytes retrieved 9.8+6.1 10.2£6.1 0.356 6.2+45 6.6+£4.6 0.470
No. of oocytes matured 2,411/2,676 (90.1) 18,624/20,718 (89.9) 0.741 603/660 (91.4)  4,328/4,753 (91.1) 0.796
No. of oocytes fertilized 1,831/2,411(75.9) 13,966/18,624 (75.0) 0.308 429/603 (71.1)  3,180/4,328 (73.5) 0.226
No. of embryos arrested on day 3" 55/1,831(3.0) 586/13,966 (4.2)° 0.015 12/429 (2.8) 151/3,180 (4.7) 0.068
No. of embryos transferred 20+05 20+05 0.574 21+07 20+06 0314

Values are presented as mean + standard deviation or number (%).
ET, embryo transfer; IVF, in vitro fertilization.

Significant difference; ®The number of embryos arrested in the day 2 ET group was confirmed on day 3 with an extended culture of surplus embryos.

Table 2. Pregnancy outcomes of day 2 versus day 3 ET according to maternal age

Maternal age <38yr

Maternal age >38yr

Variable

Day 2 ET Day 3 ET p-value Day 2 ET Day 3 ET p-value
Biochemical pregnancy 132 (48.7) 927 (45.8) 0.367 26 (24.5) 179 (24.8) 0.959
Clinical pregnancy 111 (41.0) 782(38.6) 0.461 22(20.8) 132(18.3) 0.537
Ongoing pregnancy 100 (36.9) 691 (34.1) 0.369 16 (15.1) 111 (15.4) 0.945
Abortion 1(9.9) 91(11.6) 0.592 6(27.3) 21(15.9) 0.194
Implantation 142 (26.0) 1,012 (24.6) 0477 24(10.9) 163 (11.2) 0.882

Values are presented as number (%).
ET, embryo transfer.

(4.7% vs. 2.8%, p=0.068). However, there was no statistically signifi-
cant difference in the OMA group. In addition, the biochemical preg-
nancy, clinical pregnancy, ongoing pregnancy, abortion, and implan-
tation rates per cycle were not significantly different between day 2
and 3 ET in the YMA group or the OMA group (Table 2).

Discussion

In this study, we compared the rates of implantation and clinical
outcomes between day 2 and 3 ET in 3,124 IVF/ICSI cycles in order to
determine which day of ET (i.e., day 2 vs. day 3) was preferable ac-
cording to maternal age.

Several previous studies have been conducted to compare day 2
and 3 ET, but their results are contradictory [1,8]. A retrospective
study reported that the pregnancy rate was not significantly differ-
ent between day 2 and 3 ET, but the implantation rate was positively
associated with day 3 ET in contrast to day 2 ET [4]. Some studies

www.eCERM.org

have reported that the rates of implantation and pregnancy for day 3
ET were higher than those for day 2 ET. Two reasons for this finding
may be that the intrauterine environment on day 3 is more similar to
the environment at the physiological time of uterine entry than the
environment on day 2, and that the most viable embryos can be se-
lected for transfer [5,12,13]. In addition, there is a higher probability
of discriminating arrested or slow-growing embryos when ET is per-
formed on day 3 than when it is performed on day 2 [14].

However, a prospective randomized clinical trial study found that
exposing embryos derived from poor responders to in vitro condi-
tions negatively affected the potential for embryo development.
Therefore, long-term in vitro culture may not be a valid method for all
patients, especially patients who have few available oocytes and em-
bryos [2]. Furthermore, an earlier study reported that the proportion
of human embryos that were arrested between the 5- and 8-cell
stages (82.8%, n=73) was higher than that in embryos between the
2-and 4-cell stages (59.5%, n=50) [15].
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Frankfurter et al. [7] suggested that pregnancy rates were improved
with day 2 ET, and Shen et al. [6] reported that the ongoing pregnan-
cy rate with day 2 ET was higher than that with day 3 ET, which could
be explained by the significantly lower rate of miscarriage observed
in patients who underwent day 2 ET. In 1984, Edwards et al. [16] re-
ported that the incidence of miscarriage after day 3 ET was higher
than that for day 2 ET. A previous meta-analysis showed that the clin-
ical pregnancy rate was higher with day 3 ET, but the higher miscar-
riage rates with day 3 ET negated the increased pregnancy rate and
resulted in no difference in live births [3].

Additionally, in animal studies, it has been found that the post-fer-
tilization culture environment resulted in detrimental effects on the
developing embryos [17-19]. Some studies have also demonstrated
a high incidence of embryo wastage under in vitro conditions by
comparing early embryo development in both in vivo and in vitro
conditions [20-22]. However, this present study has shown that, in a
comparison of day 2 and day 3 ET, there were no differences in the
rates of implantation and clinical outcomes between the YMA and
OMA groups. We think that improvements in the culture medium
and culture environment may reduce the detrimental effects of ex-
tended culture on embryo development under in vitro conditions.
Furthermore, Dayal et al. [9] reported that a short period of in vitro
culture conditions provided no obvious benefit for early cleavage-
stage ET.

Some studies have found no differences in the rates of implanta-
tion and pregnancy between day 2 and 3 ET [12,23-25], as well as no
significant difference in outcomes based on the day of ET in poor re-
sponders [9,26]. A recent retrospective study found no difference in
the rates of biochemical pregnancy and clinical pregnancy between
day 2 and 3 ET according to single or double ET [1], and our study
supports those results.

In the results of the present study, the proportion of arrested em-
bryos on day 3 was higher in the day 3 ET group than in the day 2 ET
group. One reason for this might be that the potentially arrested em-
bryo was transferred on day 2 rather than on day 3. However, accord-
ing to a previous study, poor-quality embryos could be rescued in-
side the uterine environment [27]. Additionally, embryo arrest could
be caused by a prolonged period in in vitro culture [15].

In the present study, the number of day 2 ET cycles was much
smaller than the number of day 3 ET cycles. However, the sample size
in our study was larger than that used in previous retrospective stud-
ies. We used the age of 38 years to define the YMA and OMA groups
because oocyte quality is significantly lower after controlled ovarian
stimulation starting at the age of 38 years, and it also decreases dra-
matically after the age of 40 years [11].

The proportion of infertile couples has been increasing annually.
One of the main reasons for this is that more women are getting
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married later in life and more working women are putting off having
children in Korea. In fact, a professional woman who desires to have
children through infertility treatment may encounter difficulties
when visiting an IVF clinic at an appointed date for ET because of her
working environment and schedule. Therefore, the IVF clinic may re-
duce the psychological burden for everyone involved by allowing
the patient to decide on the ET date (i.e., day 2 or day 3).

Previous research into the preferable date of ET for optimal and sta-
ble cleavage has shown insufficient evidence for an improvement in
implantation and pregnancy rates between day 2 and 3 ET. However,
in a recent review, Brown et al. [28] reported that there was no evi-
dence of differences in the rates of live births, ongoing pregnancy,
clinical pregnancy, multiple pregnancy, miscarriage, or ectopic preg-
nancy between day 2 and 3 ET. Therefore, our data provide reliable
evidence to support this proposal.

We conclude that there was no difference in outcomes between
day 2 and 3 ET in the YMA and OMA groups. In addition, we suggest
that offering patients the opportunity to decide which day would be
suitable for ET could be part of a patient-friendly protocol that takes
into consideration an infertile woman's circumstances and work
schedule by allowing ET to be performed on day 2 instead of the tra-
ditional transfer on day 3. Further studies are required to confirm our
findings with respect to the rates of live birth and miscarriage out-
comes.
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