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Objective: Recurrent implantation failure (RIF) is the main challenge in assisted reproductive technology
(ART) practice. Sequential embryo transfer, in which both, cleavage-stage embryo on day 3 and blastocyst
on day 5, are sequentially transferred in the same cycle, has been suggested for increasing embryo
implantation in RIF patients. The aim of the present study was to compare the effect of sequential
embryo transfer versus double blastocyst embryo transfer on pregnancy outcomes in intracytoplasmic
sperm injection (ICSI)/frozen embryo transfer (FET) cycles in RIF patients.
Materials and methods: This prospective study was enrolled 224 RIF patients undergoing ICSI/FET cycles
and randomly divided to sequential and control groups. In sequential group, embryo transfer was con-
ducted on day 3 (cleavage stage) and day 5 (blastocyst stage). In control group, two top-quality blas-
tocysts were transferred on day 5.
Results: Two hundred and two couples accomplished the trial, and their data were analyzed. Results
demonstrated that sequential embryo transfer on day 3 and day 5 compared to double blastocyst transfer
on day 5 significantly increased implantation rate, clinical pregnancy rate and ongoing pregnancy rate in
RIF patients (p-value ¼ 0.0142, p-value ¼ 0.0154, p-value ¼ 0.0201, respectively). However, there were no
significant differences in terms of chemical pregnancy rate, multiple pregnancy rate, miscarriage rate and
ectopic pregnancy rate in the studied groups.
Conclusion: Sequential embryo transfer is associated with improved pregnancy outcomes in RIF patients.
Further prospective studies with larger sample sizes are required to validate these results.
© 2023 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Recurrent implantation failure (RIF) is a situation that is only
applicable to patients experiencing in vitro fertilization/intra-
cytoplasmic sperm injection (IVF/ICSI) cycles [1]. RIF commonly
refers to the failure in achieving clinical pregnancy after trans-
ferring of at least four good quality embryos during at least three
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fresh or frozen embryo transfer (FET) cycles in women under 40
years old [1]. Due to variations in definitions for RIF, there is limited
data that precisely represents the incidence or prevalence of it [2].
Embryo implantation is an intricate physiological process. When an
embryo reaches the blastocyst stage, it migrates to the uterine
cavity and invades to the endometrial luminal surface, initiating
implantation. Synchronized communication between a receptive
endometrium and functional embryo is indispensable for success-
ful implantation [3]. Among these two factors, the endometrium is
considered to be more critical, because compromised endometrial
factors are responsible for two thirds of implantation failures [3].
Numerous factors cause failure of these processes and subsequently
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lead to embryo implantation failure. Because of the variety of these
potential risk factors [4], there have been no evidence-based
therapeutic solution for treating embryo implantation failure yet.

Embryo transfer (ET) at the blastocyst stage has been suggested
to improve the clinical outcomes in RIF's patients [1]. ET at the
blastocyst stage may enable selection of high quality viable em-
bryos because of embryonic genome activation and timely provide
better physiological synchronization between the endometrium
and the embryo stage [5]. However, extended embryo culture to the
blastocyst stagemay increases the risk of cycle cancellation. Studies
have also shown blastocyst-stage transfer may result in an epige-
netic alterations and higher chance of monozygotic twins [6,7].
Therefore, some studies recommended ET at the cleavage stage [8].
Nevertheless, it has demonstrated that clinical pregnancy rates
after ET at the cleavage stage are significantly lower compared with
the blastocyst stage, whichmight be possibly attributable to the use
of morphological criteria on Day 3 [9]. Sequential ET is suggested to
benefit from both cleavage- and blastocyst-stage embryos and
prevent transfer cancellation risk [10]. Sequential embryo transfer
is defined as the two-step transfer of embryos on different days
within the same embryo transfer cycle [10]. The effectiveness of
sequential transfer is still controversial and restricted data have
been published in this regard. Although number of studies have
claimed benefit effects of sequential embryo transfer compared to
conventional embryo transfer [11,12], some studies found no sig-
nificant differences in pregnancy rate between single and sequen-
tial embryo transfers [13,14].

The aim of the present study was to compare the effect of
sequential embryo transfer versus double blastocyst embryo
transfer on pregnancy outcomes in ICSI/FET cycles in RIF patients.

Materials and methods

Ethical consideration

The present study was approved by the ethical committee of
Shahid Beheshti University of Medical Sciences, Tehran, Iran. The
trial was registered at the Iranian Registry of Clinical Trials
(IRCT20160722029027N10). Written informed consent was ob-
tained from all the participants.

Study population

RIF patients who had a history of failure to achieve pregnancy
after three or more embryo transfers with high-quality embryos
undergoing ICSI/FET cycles were evaluated for their eligibility to
enter the study based on the following inclusion/exclusion criteria:

The inclusion criteria included infertile couples planned for
their first ICSI/FET cycle with women younger than 40 years old
having body mass index (BMI) under 30 kg/m2 and normal serum
follicle-stimulating hormone (FSH) levels (FSH < 12 IU/L) on day 2
or 3 of menstrual cycle.

The exclusion criteria were presence of any uterine lesions such
as fibroids and endometrial polyps, hydrosalpinx, adenomyosis,
intrauterine adhesions, endometriosis, uterine congenital anoma-
lies, hormonal disruptions, inflammatory and autoimmune dis-
eases, polycystic ovary syndrome (PCOS) and ovarian
hyperstimulation syndrome (OHSS). In addition, participants with
severemale factor of their spouses and chromosomal abnormalities
were excluded.

Study design

The present study was carried out in the IVF center of Taleghani
hospital, Shahid Beheshti University of Medical Sciences, Tehran,
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Iran. Patients, physicians, outcome assessor, and statistician were
all kept blinded during the study. Patients were accidently allocated
to one of two groups including sequential group or control group.
Randomization was performed using computer-generated simple
random tables in a 1:1 ratio.

Controlled ovarian hyperstimulation protocol

Controlled ovarian hyperstimulationwas performed using GnRH
antagonist protocol. Briefly, women underwent gonadotropin
stimulation using follitropin alfa/lutropin alfa (Pergoveris®, Merck
Serono, Germany) at a dose of 150e300 IU/day beginning from day
2e3 of the menstrual cycle. Gonadotropin dose was selected based
on several factors such as age, BMI, and adjusted, if necessary, after
5e6 days according to the follicular development monitored by
transvaginal ultrasonography. GnRH antagonist (0.25 mg/day;
Cetrotide®, Merck Serono, Germany) commencedwhen the leading
follicle reached the size of 14 mm in diameter and continued until
the day of the ovulation induction. The ovulation was triggered by
the administration of 250 mg recombinant human chorionic
gonadotropin (hCG) (Ovitrelle®, 250 mg/0.5 ml, Merck Serono, Ger-
many) when two or more follicles were >17 mm in diameter.

Oocyte retrieval, denudation and fertilization

Ovum pick-up (OPU) was conducted transvaginal 36 h after hCG
injection. Cumulus celleoocyte complexes (COCs) were retrieved
and washed in MOPS-buffered medium (G-MOPS™ PLUS, Vitrolife
Co., Sweden). Oocyte denudation was performed 2 h post-retrieval
utilizing hyaluronidase (HYASE-10�™, Vitrolife Co., Sweden) fol-
lowed by mechanical dissection. ICSI was conducted on all mature
metaphase II oocytes 3e4 h after OPU. Afterwards, the injected
oocytes were transferred to embryo culture medium (SAGE 1-
Step™, Cooper Surgical Co., USA) until day 3. The embryo culture
was conducted in an incubator with humidified atmosphere and 6%
CO2. Top-quality cleavage stage embryos were selected for vitrifi-
cation using commercial media (Kitazato BioPharma Co., Shizuoka,
Japan) based on the manufacturer's protocol.

Embryo quality evaluation and key performance indicators (KPIs)

Day 3 embryo quality was evaluated according to the previous
literature [15]. Briefly, the parameters including the number and
symmetry of blastomeres, percent of fragmentation, presence of
multinuclear blastomeres, presence of intracytoplasmic and extra-
cytoplasmic morphological abnormalities were assessed in the
embryos on day 3 of culture.

Top-quality cleavage stage embryos were determined as those
with 8e10 symmetric blastomeres on day 3, <15% fragmentation,
absence of multinucleation, absence of intracytoplasmic and extra-
cytoplasmic abnormalities. Otherwise, the embryos were consid-
ered as low-quality embryos.

Blastocyst grading was done based on the Gardner score [16] as
following: Expansion score 0 ¼ no cavity, score 1 ¼ blastocoel
cavity less than half volume of the embryo, score 2 ¼ blastocoel
cavity more than half volume of the embryo, score 3 ¼ cavity
completely filling the embryo, score 4 ¼ cavity larger than the
embryo and thinning zona, score 5 ¼ hatching blastocyst; for inner
cell mass (ICM), Grade A ¼ formed by many tightly packed cells,
Grade B ¼ several loosely packed cells, Grade C ¼ few cells; for
trophectoderm (TE), Grade A¼many cells forming a cohesive layer,
Grade B ¼ few cells and loose layer, Grade C ¼ very few large cells.
Top-quality blastocysts were defined as blastocysts with expansion
grades 4e5 or 2e3, and ICM and TE with AA, AB or BA
classifications.
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KPIs including fertilization rate, day 3 embryo development rate
and blastocyst development rate were measured as following [17]:

Fertilization rate ¼ number of normally fertilized oocytes (with 2
pronuclei and 2 polar bodies) per number of MII oocytes
injected � 100

Day 3 embryo development rate ¼ Number of 8-cell embryos on
day 3 per number of normally fertilized oocytes � 100

FET cycle

The embryos were warmed in the commercial media (Kitazato
BioPharma Co., Shizuoka, Japan) based on the manufacturer's
protocol. After warming procedure, the embryos were located in
embryo culture medium (SAGE 1-Step™, CooperSurgical Co., USA)
and incubated at 37 �C in 6% CO2 until embryo transfer (ET) pro-
cedure. The warmed embryos were considered survived if they had
50% or more viable blastomeres with no evidence of degenerated
morphology.

Post warming embryo survival rate ¼ number of warmed embryos
per number of survived embryos � 100

In sequential group, embryo transfer was conducted on day 3
and day 5. A top-quality embryo was transferred on day 3, then the
remaining top-quality embryos were cultured (SAGE 1-Step™,
CooperSurgical Co., USA) until day 5 and only one top-quality
blastocyst was transferred. In control group, two top-quality blas-
tocysts were transferred on day 5. ET was conducted using an
embryo transfer catheter (Cook, USA) by an expert gynecologist
under the guidance of ultrasound, based on the guideline provided
by American Society for Reproductive Medicine (ASRM).

Endometrial preparation was conducted using 6 mg/d orally
estradiol valerate (Aburaihan Co., Tehran, Iran) from the second (or
third) day of the menstrual cycle for 14 days plus progesterone
(400 mg, suppository, BID; Cyclogest, Actavis, England, UK) 5 days
before ET until the 12th week of pregnancy.
Clinical outcome assessment

Chemical pregnancy rate was determined by number of preg-
nancies diagnosed by positive serum b-hCG (b-hCG > 50 mIU/ml)
after two weeks from the day of ET per number of FET cycles � 100.

Clinical pregnancy rate was calculated by the number preg-
nancies with heartbeat of one or more confirmed by ultrasound
after six weeks from the day of ET per number of FET cycle � 100.

The implantation rate was calculated from the number of
observed gestational sacs by ultrasonography after six weeks from
the day of ET per number of transferred embryos � 100.

Ongoing pregnancy rate was determined by the number preg-
nancies with heartbeat of one or more confirmed by ultrasound at
>12 weeks gestational age per number of FET cycles � 100.

Multiple pregnancy rate was determined by the number of
conceptions with more than one fetus in ultrasonography after six
weeks from the day of ET per number of clinical pregnancies� 100.

Ectopic pregnancy rate was determined by the number of
ectopic pregnancies confirmed with sonography or laparoscopy
after six weeks from the day of ET per number of clinical
pregnancies � 100.

Miscarriage rate was calculated by the number of pregnancy
losses prior to 12 weeks’ gestation per number of clinical
pregnancies � 100.
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Statistical analysis

The results were shown as mean ± SD. Statistical analysis was
carried out using GraphPad Prism (GraphPad Software, USA). Stu-
dent's t-test, Exact test and Chi-squared test were used for
comparing the study groups. The p < 0.05 was considered as sta-
tistically significant.

Results

A total of 277 RIF patients were eligible to participate in this
study from which 224 couples fulfilled the inclusion criteria and
202 couples accomplished the trial and their data were analyzed
(Fig. 1). Table 1 represents the basic characteristic of the patients
undergoing ICSI/FET cycles. There were no significant differences
between the two groups in terms of mean age, body mass index
(BMI), serum level of day 3 FSH, serum level of Anti-Mullerian
hormone (AMH), duration of infertility, type of infertility (pri-
mary or secondary), history of abortion, history of ectopic preg-
nancy, number of previous ICSI cycles, number of previous ET,
sperm count, AND sperm total motility.

Table 2 represents the characteristics of the studied patients
during ovarian stimulation and ICSI/FET cycles including total dose
of administered gonadotropin, duration of gonadotropin adminis-
tration, mean number of oocytes retrieved, mean number of
metaphase-II (MII) oocytes, fertilization rate, day 3 embryo devel-
opment rate, post warming survival rate, duration of FET cycle and
endometrial thickness on ET day. Based on the obtained data, there
were no significant differences in these characteristics between the
patients whowere undergone ICSI/FET cycles in the studied groups.
The results illustrated that the calculated KPIs including fertiliza-
tion and day 3 embryo development rates were all in acceptable
range according to the Vienna consensus [17].

Clinical outcomes in the studied groups

Overall comparison of clinical outcomes between the two study
groups is presented in Table 3. The implantation rate, clinical
pregnancy rate and ongoing pregnancy rate were significantly
higher in the sequential group compared to control group (p-
value ¼ 0.0142, p-value ¼ 0.0154, p-value ¼ 0.0201, respectively).
However, there were no significant differences in terms of chemical
pregnancy rate, multiple pregnancy rate, miscarriage rate and
ectopic pregnancy rate in the studied groups. Chemical pregnancy
rate was 52.94% (54/102) for sequential group and 43% (43/100) for
control group. Implantation rate was 24.51% for sequential group
and 14.50% for control group. Clinical pregnancy rate was 42.15%
(43/102) for sequential group and 26% (26/100) for control group.
Ongoing pregnancy rate was 33.33% (34/102) for sequential group
and 21% (21/100) for control group. Multiple pregnancy rate was
16.25% (7/43) for sequential group and 11.54% (3/26) for control
group. Miscarriage rate was 18.60% (8/43) for sequential group and
15.38% (4/26) for control group. Ectopic pregnancy rate was 2.32%
(1/43) for sequential group and 3.84% (1/26) for control group
(Table 3).

Discussion

The present study demonstrated that sequential embryo trans-
fer on day 3 (cleavage stage) and day 5 (blastocyst stage) compared
to double blastocyst transfer on day 5 significantly increased im-
plantation rate, clinical pregnancy rate and ongoing pregnancy rate
in RIF patients. However, there were no significant differences in
terms of chemical pregnancy rate, multiple pregnancy rate,
miscarriage rate and ectopic pregnancy rate in the studied groups.



Fig. 1. Consort flow diagram.

Table 1
Demographic and clinical characteristics of the studied groups.

Group Sequential Control p-value

Characteristics

Number of patients 102 100
Age (year) 33.92 ± 0.4794 34.90 ± 0.5192 0.1674
BMI 26.93 ± 0.2366 26.47 ± 0.2350 0.1681
FSH (Day 3) (mIU/ml) 5.967 ± 0.2074 6.457 ± 0.2169 0.1042
AMH (ng/ml) 3.366 ± 0.2733 3.436 ± 0.2594 0.8539
Duration of infertility (year) 7.049 ± 0.3634 8.030 ± 0.3465 0.0523
Type of infertility (primary) (%) 64.70 64 0.9166
Type of infertility (secondary) (%) 35.29 36 0.9166
History of abortion (%) 41.17 38 0.6672
History of ectopic pregnancy (%) 12.74 8 0.3574
Number of previous ICSI Cycles 2.784 ± 0.1187 2.520 ± 0.1087 0.1025
Number of previous ET 4.549 ± 0.1605 4.520 ± 0.1624 0.8990
Sperm (count/ml) 55.93 ± 2.818 48.79 ± 2.711 0.0694
Sperm total motility (%) 40.76 ± 1.693 37.18 ± 1.521 0.1172

AMH: Anti-Mullerian hormone; BMI: Body mass index; ET: Embryo transfer; FSH:
Follicle stimulating hormone; ICSI: Intracytoplasmic sperm injection.

Table 3
Pregnancy outcomes of the studied groups.

Group Sequential Control p-value

Parameter

Chemical pregnancy rate 52.94% (54/102) 43% (43/100) 0.1589
Implantation rate 24.51% 14.50% 0.0142*
Clinical pregnancy rate 42.15% (43/102) 26% (26/100) 0.0154*
Ongoing pregnancy rate 33.33% (34/102) 21% (21/100) 0.0201*
Multiple pregnancy rate 16.25% (7/43) 11.54% (3/26) 0.5942
Miscarriage rate 18.60% (8/43) 15.38% (4/26) 0.7370
Ectopic pregnancy rate 2.32% (1/43) 3.84% (1/26) 0.7201

*Significant.
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Transfer of the embryo from the laboratory to the uterus is one
of the most crucial steps during ART cycles. Conventionally, em-
bryos were transferred at cleavage-stage on day 3; however, over
the past decade there has been a move to transferring day 5
Table 2
Controlled ovarian hyperstimulation/intracytoplasmic sperm injection outcomes of the s

Group Sequential (n ¼ 102) M

Characteristics

Total dose of gonadotropin (IU) 2983 ± 100.1
Duration of gonadotropin administration (day) 9.388 ± 0.1449
Mean number of oocytes retrieved 9.882 ± 0.5572
Number of MII oocyte 7.902 ± 0.4589
Fertilization rate (%) 85.58 ± 1.667
Day 3 embryo development rate (%) 75.14 ± 3.995
Top-quality day 3 embryo (%) 70.59 ± 2.224
Post warming survival rate (%) 89.70 ± 1.763
Top-quality blastocyst (%) 64.88 ± 2.171
Duration of FET cycle (day) 11.77 ± 0.1379
Endometrial thickness on ET day (mm) 8.520 ± 0.1279

ET: Embryo transfer; FET: Frozen embryo transfer; MII: Metaphase-II.
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blastocysts [18]. Transfer at the blastocyst stage reflects a physio-
logically correct time of natural implantation and increases syn-
chrony between the embryo development and endometrium [18].
Current evidence reinforces the use of blastocyst transfers in ART
practice. It has been shown that the clinical pregnancy and live
birth rates were higher in women undergoing blastocyst transfers
compared to those receiving cleavage-stage transfers [9,19]. How-
ever, prolonging culture to the blastocyst stage might decrease the
quantity of viable embryos accessible for embryo transfer or cryo-
preservation. Therefore, to evade cycle cancelation sequential em-
bryo transfer, in which both, cleavage-stage embryo on day 3 and
tudied groups.

ean ± SD Control (n ¼ 100) Mean ± SD p-value

3053 ± 95.21 0.6174
9.700 ± 0.1573 0.1462
10.92 ± 0.6424 0.2232
9.110 ± 0.5561 0.0948
87.96 ± 1.459 0.1422
80.52 ± 2.330 0.1243
75.60 ± 2.373 0.0625
92.35 ± 1.606 0.1346
69.94 ± 2.318 0.0565
11.58 ± 0.1451 0.3321
8.885 ± 0.1527 0.0676
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blastocyst on day 5, are sequentially transferred in the same cycle,
has been suggested [11]. Study on sequential embryo transfer is
limited. Earlier published data had indicated improved pregnancy
rate following sequential embryo transfer [20]. However, later
some researchers found no positive effect [14,21]. Herein, the ob-
tained results verified that sequential embryo transfer compared to
double blastocyst transfer significantly increased implantation rate,
clinical pregnancy rate and ongoing pregnancy rate in RIF patients.
In agreement with these results, Ismail Madkour et al. showed that
sequential embryo transfer significantly increased pregnancy out-
comes compared to day 3 embryo transfer in RIF patients [22]. In
addition, Torky et al. disclosed that clinical pregnancy and live birth
rates were significantly higher in the RIF patients receiving
sequential embryo transfer compared to those undergoing double
blastocyst transfer [23]. In contrast, Tehraninejad et al. revealed
that sequential embryo transfer did not improve clinical pregnancy
rate compared to blastocyst transfer on day 5 [13]. One explanation
for these heterogeneous results could be due to the variations in
definitions for RIF and inclusion criteria in all the above-mentioned
studies.

Some studies have indicated that two-thirds of embryo im-
plantation failures are due to an absence of endometrial receptivity
[13]. The endometrium is receptive to the embryo for a specific
period recognized as the window of implantation (WOI) [5]. It has
been proposed that the WOI is not a persistent adjustable in all
women and the designation of its movement is of vital importance,
especially for RIF patients [24]. Some researchers reported that
displacement of the WOI during the mid-luteal phase happens in
25e30% of patients with RIF [25,26]. Moreover, some cases may
have different length and position in the menstrual cycle even in
the same individual but through different periods [5,24]. Therefore,
the sequential embryo transfer may overcome these problems with
choosing the right moment for embryo transfer. Indeed, the
sequential transfer may increase the chance of hitting the WOI
which is only open for 2e4 days [27]. In addition, it has been
suggested that in sequential transfer the earlier transferred cleav-
age embryo may modulate the immune response and generate a
better endometrial environment for the second transfer [10]. Early
pregnancy establishment requires a transient modulation of innate
and adaptive maternal immunity for tolerating the embryo and
supporting embryo development and implantation. Emerging evi-
dence shows that the embryo starts to crosstalk locally with the
uterus and immune cells in the uterus [28e30]. It seems that at the
embryoematernal interface, the pre-hatching embryo modulates
the local uterine immunological milieu for induction of a state of
immune tolerance essential for embryo survival and pregnancy
establishment. Therefore, in sequential embryo transfer, it is
possible that the D3 embryo starts to generate immune tolerance in
the uterus and provides a better endometrial environment for the
D5 embryo.

Multiple pregnancies are associated with maternal mortality
and neonatal complications, such as preterm birth, low birth
weight, hemorrhage, and respiratory problems [31]. Clearly there is
direct link between multiple pregnancies and the number of em-
bryos transferred [31]. Therefore, the main approach to prevent
multiple pregnancies is to restrict the maximum number of em-
bryos in a single embryo transfer [32]. As expected, the rate of
multiple pregnancies is statistically lower after single embryo
transfer (0%e3%) compared to double embryo transfer (24%e65%)
[33]. Herein, although in both groups two embryos were trans-
ferred, themultiple pregnancy rate was 16.25% for sequential group
and 11.54% for control group, and there was no significant differ-
ence between two groups. A possible explanation for low rate of
multiple pregnancy rate despite double embryo transfer may be
due to the disruption of endometrial receptivity in RIF patients. In
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this regard, the Practice Committees of the Society for Assisted
Reproductive Technology and the ASRM recognized the enhanced
implantation rates and called for reconsidering the practice of
transferring multiple embryos [34]. However, concern remains
regarding the risk of multiple pregnancies associated with
sequential embryo transfer.

The main limitation of this study was the failure to evaluate live
birth rate. In addition, there was a limiting number of patients,
these hypotheses need prospective confirmation in a largescale
prospective randomized trial studies with sufficient sample size.

Conclusion

By the way of conclusion, in women with RIF, the sequential
transfer of cleavage- and blastocyst-stage embryos offered a better
chance of implantation than conventional embryo transfer.
Sequential embryo transfer could be considered as a suitable
approach for improving IVF/ICSI outcomes in RIF patients.
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