
Introduction

In assisted reproductive technology (ART), the embryo
transfer (ET) method is the most important factor influ-
encing pregnancy rates [1, 2]. Whether the implantation
rate of double embryo transfer (DET) is improved com-
pared with that of single embryo transfer (SET) twice has
been a topic of much discussion. Several reports have at-
tested to the higher clinical pregnancy rates resulting from
DET compared to SET [3-5]. Furthermore, some re-
searchers have demonstrated that the transferred embryo
needs to be able to cross-talk with the uterine endometrium
using decidual cytokines, such as interleukin-1, human
chorionic gonadotropin (hCG), and leukemia inhibitory
factor (LIF) and its ligands, in order to attach to the surface
of the uterine endometrium for implantation [6-8]. Re-
garding implantation factors for DET, some researchers
have theorized that embryo interaction, or a signal from a
good embryo, helps the second embryo to implant [9].
However, the actual reason for the increased implantation
rates of DET is unknown.

In rodents such as mice, transferred embryos keep a con-
stant distance between each other which results in multiple
gestation [10]. Therefore, the authors considered that preg-
nancy outcomes might improve if a constant distance was
maintained between embryos.

In this study, the authors developed a novel ET method,

namely, separated DET (s-DET), whereby two embryos are
transferred to separate settings. In the present study, they
evaluated and compared pregnancy outcomes of s-DET and
conventional DET (c-DET).

Materials and Methods
This prospective cohort study included patients with a history

of two or more implantations failures after ET cycles with thawed
embryos. Patients were consecutively enrolled in the study at the
Division of Reproductive Medicine, Sugiyama Clinic, Tokyo,
Japan, between May and December 2015. This study was ap-
proved by the Institutional Review Board of Sugiyama Clinic. In-
formed consent was obtained from all patients before partici-
pation. The study patients had a history of two or more failed in
vitro fertilization (IVF)/ET cycles with morphologically and de-
velopmentally average to good quality embryos transferred to an
adequately prepared endometrium (endometrial thickness ≥8
mm). During the ET period, a doctor explained the difference be-
tween c-DET and s-DET to the patients before they chose their
preferred method. No patient had submucosal fibroids, endome-
trial polyps, intrauterine adhesions, congenital uterine anomalies,
or hydrosalpinx. Furthermore, no patient had current or previous
autoimmune disease. Women with chronic medical or inflamma-
tory conditions, women who miscarried after IVF, women who
underwent an IVF cycle or vaccination within three months, or
women with acquired or inherited thrombophilia were excluded
from the study.

Ovarian stimulation and oocyte pick-up were performed ac-
cording to the present authors’ published protocol [11]. Their mild
stimulation protocol was as follows: 50 mg of clomiphene citrate
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was administered every day on days 3–7 of the menstrual cycle; 
and 225 IU of recombinant follicle-stimulating hormone (FSH) 
was administered on days 4, 6, and 8 of the menstrual cycle. On 
day 10, when dominant follicles reached ≥ 17 mm in diameter, 
either 10,000 IU of hCG was injected or 300 µg of buserelin 
acetate was nasally administered, and oocyte pickup was 
performed 35 hours later. Additional recombinant FSH (150 IU 
per day) was administered as needed based on follicular growth. 
Intracytoplasmic sperm injection or conventional co-culture was 
performed depending on the semen parameters.

Embryos were cryopreserved by vitrification and warmed using 
a previously published protocol [12]. All solutions used for vitri-
fication and warming were from the vitrification kit. All 
transferred embryos were frozen–thawed embryos in the 
cleavage stage. Embryo quality was assessed on the day of 
transfer. On day 3, embryos in the cleavage stage were 
evaluated to determine the blastomere number and fragment-
ation. Those that were developed to at least the seven-cell stage 
with <10 % fragmentation were defined as morphologically 
good [11]. The others were classified as morpholog-ically poor. 
This system of embryo assessment was based on the 
classification system of Veeck [13].

All embryos were transcervically placed in the patient’s uterus 
using a soft catheter. Patients were placed in the dorsal 
lithotomy position. Vaginal ultrasonography using a sagittal 
section was performed to visualize and facilitate the 
transfer. For c-DET, gynecologists transferred two embryos to 
the same site at the same time using one catheter. That site was 1 
cm away from the fundus. However, for s-DET, after the first 
embryo was transferred to the position 1 cm away from the 
fundus, the second embryo was transferred to a position 1 cm 
away from the first by inserting another transfer tube (Figure 1). 
Considering the possibility of embryo damage during the 
procedure, the authors transferred the two embryos as quickly 
and gently as possible.

  All three gynecologists who performed ET were qualified 
physicians with more than ten years of experience specializing 
in reproductive medicine in Japan. Endometrial preparation 
was achieved by a hormone replacement cycle with conjugated 
estrogens (0.625 mg) and transdermal estradiol (0.72 mg). 
These treatments were administered starting from day 3 of the 
menstrual cycle or the first day without bleeding until the day of 
the urinary test for pregnancy. Administration of progesterone 
(100 mg) was initiated on day 12 of the menstrual cycle. Three 
days after initiation of progesterone treatment, embryos were 
thawed and surviving embryos were transferred [11].

A positive hCG result was defined by hCG levels ≥ 40 IU/L. A 
clinical pregnancy was recognized when one or more gestational 
sacs were detected by transvaginal ultrasonography after ET. The 
implantation rate was determined by dividing the number of ges-
tational sacs by the number of embryos transferred. The primary 
endpoints of this study were hCG positivity, implantation rates, 
clinical pregnancy rates, miscarriage rates, and multiple preg-
nancy rates. Follow-up of the fetus was continued until nine weeks 
of gestation using vaginal ultrasonography. Fisher’s exact test was 
performed for categorical variables, and the Student’s t-test was 
performed for continuous variables depending on distribution 
characteristics. Values  of  p < 0.05 was considered statistically sig-
nificant. All statistical computations were carried out using SPSS 
version 24.0.

Results
A total of 281 patients underwent ET of two frozen–

thawed embryos during this study; 152 patients underwent
c-DET and 129 patients underwent s-DET. The background 
characteristics of the patients are shown in Table 1. The 
mean age of the s-DET group was 38.8 years (standard de-
viation [SD] ± 3.5 years), which was comparable with that 
of the c-DET group (38.7 ± 3.8 years). Pregnancy and de-
livery history of the s-DET group were similar to those of 
the c-DET group. The mean ± SD of the number of previ-
ous ET attempts for the s-DET group was 3.3 ± 3.3, which 
was comparable with that of the c-DET group (3.9 ± 3.0). 
The authors compared the morphologic quality of embryos 
of the s-DET and c-DET groups (Table 2). There were no 
significant differences in the total number of blastomeres 
between the s-DET and c-DET groups (15.3 ± 2.8 and 14.6
± 2.3, respectively). The reproductive outcomes of the two 
groups are shown in Table 3. There were no significant 
differences in positive hCG rates of the s-DET and c-
DET groups (28.7% and 29.6%, respectively). Clinical 
pregnancy and implantation rates of the s-DET group 
were 20.9% and 10.4%, respectively, and were similar to 
those of the c-DET group (26.3% and 16.1%, respecti-
vely). The miscarriage rate of the s-DET group (14.8%) 
was comparable with that of the c-DET group (22.5%). 
However, the multiple pregnancy rate of the s-DET group 
(0.0 %) was significantly lower than that of the c-DET 
group (22.5%; p = 0.006).

Figure 1. — Ultrasound image of the s-DET procedure. After the
first embryo is transferred to the fundus of the uterus, the second
embryo is transferred to a position with a 1 cm space by inserting
another transfer tube. The arrows indicate air bubbles following
the transfer of embryos.
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Discussion

The authors present a novel ET method, s-DET, whereby
two embryos are transferred to separate positions. They
evaluated whether the s-DET affects pregnancy outcomes
compared with c-DET. Contrary to their expectations, preg-
nancy rates of the s-DET group did not improve. However,
multiple pregnancy rates of the s-DET group were signifi-
cantly lower than those of the c-DET group. Moreover, the
rate of miscarriage with c-DET was slightly higher than
that with s-DET. From this result, it is assumed that with c-
DET, both cleavage stage embryos will be just implanted,
but in s-DET, one embryo will be eliminated due to natu-
ral selection, and only one will continue to grow.

It has been shown that preimplanted embryos require var-
ious factors, such as interleukin-1, hCG and vascular en-
dothelial growth factor, in order to achieve successful 
implantation [6]. Goto et al. demonstrated that in embryo 
culture, these factors could induce endometrial differentia-
tion during the cleavage stage, suggesting that cross-talk 
occurs between early-stage embryos and the endometrium 
during the stimulation of endometrium embryo transfer 
(SEET) method [14]. Other researchers suggested that both 
the control of steroid hormones and cross-talk between the 
endometrium and embryo are important to produce an ac-
ceptable endometrium for implantation [15]. Therefore, the 
present authors speculated that cross-talk between embryos 
being transferred to separate positions might increase en-
dometrial receptivity. Good endometrial receptivity might 
allow good embryos to be implanted and poor embryos to 
be eliminated. During s-DET, the elimination system of the 
endometrium may have been successful, thereby leading to 
reduced multiple pregnancy rates. However, it is reason-
able to think that the elimination system is not successful 
during c-DET.

In rodents such as mice, implantation occurs within strict 
distances in their long uterus, and physiological multiple 
gestation occurs [10]. Previous studies have suggested that 
approximately 80% of embryos implanted in the area where 
the catheter tip was situated [16, 17]. Judging from these re-
ports and the results of this study, the authors speculated 
that the embryo which implants earlier during s-DET can 
acquire the space to create a placenta, and the second em-
bryo might not be able to implant in that place. The second 
embryo might be prevented from implanting and growing, 
depending on the selective pressure. As a result, the multi-
ple pregnancy rate might decrease. However, the precise 
mechanism remains unknown, and further research to eval-
uate s-DET is required.

The present authors analyzed whether the embryo qual-
ity during transfer affected pregnancy outcomes. Kaser et 
al. suggested that a lead embryo with seven cells and a sum 
of 14 viable cells is a risk factor for multiple pregnancy 
during the DET cycle [18]. In contrast, other reports have 
indicated that the embryo status does not significantly in-
fluence the multiple pregnancy rate [19]. A previous study 
also suggested that pregnancy rates were not significantly 
different between any combination of groups using em-
bryos of different qualities for DET [20]. The present find-
ings matched the results of these studies. Table 2 shows that 
embryo quality of any combination of two embryos from 
the s-DET and c-DET groups was not significantly differ-
ent. Therefore, it is unlikely that embryo quality influenced 
these results. Even if embryos are morphologically equiv-
alent, preimplantation genetic screening or chromosome in-
spection should be performed to determine the viability of 
the embryos [21].

One limitation of the present study involved the 
amount of medium injected in the uterus. Because the

Table 1. — Background characteristics of the s-DET and c-
DET groups.

s-DET c-DET p value 
Cycles, n 129 152   
Age, years# 38.8 ± 3.5 38.7 ± 3.8 NS
Previous ET attempts, n# 3.3 ± 3.3 3.9 ± 3.0 NS 
Gravidity n# 0.9 ± 1.2 0.6 ± 0.9 NS 
Parity, n# 0.3 ± 0.5 0.2 ± 0.4 NS 
Cause of infertility 
Male factor, n (%) 66 (51.2) 78 (51.3) NS 
Tubal factor, n (%) 6 (4.7) 8 (5.2) NS 
Endometriosis, n (%) 4 (3.1) 9 (6.0) NS 
Unexplained, n (%) 53 (41.0) 57 (37.5) NS 

Table 3. — Reproductive outcomes in the s-DET and c-DET
groups.

s-DET c-DET p value 
(n = 129) (n = 152)

Transferred embryos, n 258 304   
Positive hCG, n (%) 37 (28.7) 45 (29.6) NS 
Clinical pregnancy, n (%)  27 (20.9) 40 (26.3) NS 
GS, n 27 49   
Implantation rate, % 10.4 16.1 NS 
Multiple pregnancies, n (%) 0 (0.0) 9 (22.5) 0.006  
Miscarriage, n (%)  4 (14.8) 9 (22.5) NS 
hCG: human chorionic gonadotropin, GS: gestational sac, c-DET: conven-
tional double-embryo transfer, s-DET: separated double-embryo transfer, NS:
not significant.

#Values are presented as mean ± standard deviation. ET: embryo transfer, c-
DET: conventional double-embryo transfer, s-DET: separated double-embryo 
transfer, NS: not significant.

Table 2. — Embryo quality between the s-DET and c-DET
groups.

s-DET c-DET p value 
No. of double good embryos, n (%) 35(27.1) 42(27.6) NS 
No. of good & poor embryos, n (%) 62(48.1) 60(39.5) NS 
No. of double poor embryos, n (%)  32(24.8) 50(32.9) NS 
Best no. of blastomeres, n# 8.2 ± 1.7 7.9 ± 1.4 NS 
Total no. of blastomeres, n# 15.3 ± 2.8 14.6 ± 2.3 NS 
#Values are presented as mean ± standard deviation. c-DET: conventional double-
embryo transfer, s-DET: separated double-embryo transfer, NS: not significant.
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amount of medium injected during s-DET is approxi-
mately twice that injected during c-DET, it is possible 
that the widened cavity was disadvantageous to the sec-
ond implantation and growth. We also need to consider 
mechanical stimulation of the transfer catheter. When we 
enter the uterine cavity twice with the transfer catheter, 
we are twice as likely to disrupt the endometrium, to in-
troduce bacteria into the uterine cavity, and to induce 
uterine contractions. These environmental disturbances 
may have influenced our results. We also have to con-
sider the possibility that the embryo transferred first may 
have been damaged by the catheter during transfer of the 
second embryo. However, if this had occurred, then we 
would expect to have seen more noticeable differences 
in the implantation rates. Finally, because the present 
clinic specializes in ART, observation was performed 
until up to nine weeks of gestation. The authors do not 
know what occurred after nine weeks of gestation. In ad-
dition, if the prognosis of multiple fetuses obtained with 
c-DET seems to be obviously inferior to that for s-DET, 
then the risk of forcible implantation during c-DET with 
poor embryos may be revealed.

The present authors suggested that embryo selection ac-
cording to the uterine endometrium should not be per-
formed when transferring embryos during c-DET. This 
may be the result of the unnatural idea that transferring 
two embryos to the same narrow place at the same time is 
normal. Previous studies have indicated that the uterine 
endometrium may have the ability to select an embryo for 
implantation based on the signal from the embryo [22]. 
Based on these theories, it is possible that endometrial 
cells work as sensors of embryo quality on implantation in 
sufficient space.

One clinical advantage of s-DET is that it does not re-
quire a blastocyst. Blastocysts are more likely to implant 
than good quality embryos [23]. However, approximately 
half of good quality embryos do not reach the blastocyst 
stage, and some patients have no choice but to cancel their 
blastocyst transfer. Therefore, blastocyst transfer is not 
the best option for many patients, particularly those with 
few early-stage embryos. One researcher suggested that 
the cost-effectiveness of DET improves with age, and 
DET may be considered cost-effective for women 37–39 
years of age [24]. In conclusion, s-DET may be both safe 
and efficient method without increasing dangerous multi-
ple deliveries by choosing cases appropriately. 
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