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Abstract
Purpose Does transfer of supernatant embryo culture fluid
(stimulation of endometrial embryo transfer - SEET) prior to
vitrified warmed blastocyst transfer result in better clinical
pregnancy and live birth rates than direct vitrified warmed
blastocyst transfer?
Methods This randomized controlled trial compared SEET
group and direct transfer group (control) in 60 women under-
going vitrified warmed blastocyst transfers. The duration of
the study was 3 years. The patients were undergoing vitrified
warmed blastocyst transfer at university level infertility centre.
Sixty women were randomized to SEET (n=30) or control
(n=30).
Results Datawas available for analysis from all the 30women in
the SEET group and 30 women in the control group. There were
no drop outs in the trial. The implantation rate was significantly
lower in the SEET group compared to the control group (27 vs.
44 %, P=0.018). The clinical pregnancy rates were similar in
both the groups (47 vs. 53 %) but the live birth rate was also
significantly lower in SEET group (23 vs. 50 %, P=0.03).
Limitations The sample size based on clinical pregnancy rates
was small and hence not adequately powered to detect

differences in live birth rates. Lack of blinding leading to
possible bias cannot be ruled out.
Conclusion There was no evidence of an improvement in
clinical pregnancy rate following SEET in vitrified warmed
blastocyst transfer compared to direct transfer.
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Introduction

Successful implantation of embryos in the uterine cavity is the
end result of a synchronized sequence of complex physiolog-
ical events [1]. This coordinated development of the embryo
and uterine endometrium, ultimately leading to an optimal
environment for implantation, is possible due to the existence
of a communication link between the maternal tissue and
embryo, commonly known as “cross-talk”.

There is evidence to suggest that this “cross talk” is mainly
carried out through secretion of various factors by the devel-
oping embryo [2]. They include interleukins [3], immunosup-
pressive factors [4] and growth factors which have been
isolated from the culture fluid surrounding the embryo during
in-vitro culture. These factors produced by the embryo induce
endometrial expression [5] of integrins, leukemia inhibitory
factor and other factors which possibly facilitate implantation.

Currently in Assisted Reproductive Technology (ART)
practice, blastocyst stage transfer compared to cleavage stage
transfer is associated with higher live birth rates [6]. World-
wide following blastocyst transfer, the implantation rate has
been around 4–55 % and the rate has remained stagnant in
the past decade [6]. A proposed reason for this lower im-
plantation rate is the absence of cross-talk till the embryo is
transferred [7].

Capsule In women undergoing vitrified warmed blastocyst transfer, the
clinical pregnancy rate following prior transfer of supernatant embryo
culture fluid (SEET) did not improve compared to direct transfer.
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With an intention to introduce cross talk prior to a delayed
embryo transfer, which occurs in day 5 blastocyst transfers,
Goto et al. tried a novel method called stimulation of endo-
metrial embryo transfer (SEET). In this trial supernatant em-
bryo culture fluid from the fresh embryo cycle, was trans-
ferred prior to a frozen blastocyst transfer in poor prognosis
patients resulting in a significantly higher pregnancy rates [7].
However a similar study conducted in patients undergoing
cleavage stage embryo transfer, did not show any benefits [8].

Due to conflicting nature of the results, we decided to study
the effectiveness of the SEET protocol following transfer of
vitrified-warmed blastocysts.

Materials and methods

We decided to evaluate whether transferring the supernatant
embryo culture prior to warmed blastocyst transfer resulted in
better clinical outcomes when compared to direct vitrified
warmed blastocyst transfer. To test this hypothesis, we
planned a randomized controlled trial and invited all consec-
utive women who were due for a fresh blastocyst transfer and
had supernumerary embryos available for cryopreservation.
For eligible women who agreed to participate in the trial, we
cryopreserved the supernatant culture medium along with the
supernumerary blastocysts. The study duration was three
years (Sep 2011 to June 2014).

Women entering the trial were randomly distributed, using
a computer generated randomization sequence (blocks of 6),
into two groups – the study (SEET) and control group. The
randomization sequence was generated by a statistician from
the institutional biostatistics department. Allocation conceal-
ment was achieved by using consecutively numbered opaque
sealed envelope. Once the women were planned for vitrified
thawed transfer, the envelope was opened and group allotment
was done by the investigators. In women allotted to the SEET
group thawed supernatant embryo culture fluid was injected
into the uterine cavity two days prior to the planned blastocyst
transfer. In the control group, direct vitrified warmed blasto-
cyst transfer was planned. The study was done at university
level infertility centre in India and was approved by the
institutional review board. The trial was registered with the
clinical trial registry of India (CTRI/2013/01/003280).

ART protocol: Prior to the study cycle, all patients
underwent a fresh ART cycle using either the agonist or antag-
onist protocol. Controlled ovarian hyperstimulation (COH)
was done using recombinant gonadotrophins and oocyte re-
trieval was planned 35 h after human chorionic gonadotrophin
(hCG) trigger administration. Fertilization was achieved either
by In Vitro Fertilization (IVF) or Intra Cytoplasmic Sperm
Injection (ICSI). Fertilized oocytes were transferred into cleav-
agemedium (SAGE cleavagemedium, Trumbull, Connecticut,
USA), incubated and observed for cleavage on day 3.

On day 3, if four or more grade 1 embryos (8 cells stage
with no or minimal fragmentation) were obtained, they were
transferred into blastocyst medium (SAGE blastocyst medi-
um, Trumbull, Connecticut, USA) and cultured till day 5.
Fresh blastocyst transfer was performed on day 5, and super-
numerary good quality blastocysts were chosen for vitrifica-
tion. Embryos were graded according to Gardner’s grading
system and embryos with a score of 3AA or more were
considered good quality [9]. These blastocysts were cryopre-
served on day 5 and day 6.

Vitrification and warming protocol

Supernumerary blastocysts were vitrified using the solid sur-
face method. A pre-cooled metal block (Cryologic, Victoria,
Australia), fibre plugs (Cryologic, Victoria, Australia) and in
house prepared equilibrium and vitrification solution were
used. The equilibrium solution was composed of ethylene
glycol and dimethyl sulphoxide in HEPES HTF medium
(Cryobase, Cook IVF, Queensland, Australia) [10].

Warming of vitrified blastocysts was done using filter
sterilized trehalose solution and blastocyst medium (SAGE
Blastocyst medium, Trumbull, Connecticut, USA). Survival
was assessed by the percentage of viable trophoectodermal
and inner cell mass cells together with the degree of re-
expansion of the blastocoel cavity. Assisted hatching using
laser was performed prior to transfer.

After transfer of embryos in fresh cycle, for women who
had supernumerary blastocysts and who were willing to par-
ticipate in the trial, the supernatant culture medium was trans-
ferred into a sterile Eppendorf container and frozen at −80 °C.

Transfer of blastocysts /supernatant culture fluid
and assessment of outcome

Endometrial preparation for vitrified thawed blastocyst trans-
fer was done by starting step-wise increment of estradiol
valerate (Progynova, ScheringAG, Germany; 2 mg once daily
from Day 1–5, 2 mg daily twice from Day6-9 and daily three
times from Day 10–15). On day 15 a transvaginal ultrasound
was done to check for endometrial thickness and to rule out
follicular activity. Micronized progesterone (Orgagest vaginal
pessaries, Schering AG, Germany; 400 mgs daily twice) was
started once endometrial thickness of greater than 7 mm was
documented.

In the SEET group, 10–15 μl of thawed supernatant em-
bryo culture medium was injected into the uterine cavity
transcervically, using an embryo transfer catheter placed just
beyond the internal os, two days prior to the vitrified thawed
blastocyst transfer. For both the groups, the vitrified thawed
blastocyst transfer was done on day 6 after initiation of
progesterone.

226 J Assist Reprod Genet (2015) 32:225–231



After pre transfer counseling, between one to three surviv-
ing blastocysts were transferred. A serum beta hCG was done
on the 12th day following embryo transfer. Women with a
positive pregnancy test were advised to continue luteal sup-
port and a transvaginal ultrasound was carried out ten days
later to confirm clinical pregnancy and viability. Once con-
firmed, antenatal care was provided and women were follow-
ed up till delivery. Hormonal supplementation was stopped at
12 weeks of gestation.

Clinical pregnancy rate was defined as clinical pregnancy
(ultrasound visualization of gestational sac) per embryo trans-
fer. Live birth rate was defined as number of deliveries with at
least one live born baby per embryo transfer.

All enrolled women underwent the study cycle only once.
The primary outcome was the clinical pregnancy rate while
secondary outcomes were implantation rate, multiple preg-
nancy rates, miscarriage and live birth rates. It was an open
label trial.

The vitrified blastocyst embryo pregnancy rate per transfer
in our centre was 40 %. (Goto et al. in their study demonstrat-
ed a doubling of the clinical pregnancy rate following SEET
transfer (48 to 87 %). Hypothesizing a doubling of the clinical
pregnancy rate (80 %) following SEET transfer, a sample size
of 30 women in each arm (80 % power and alpha 0.05 for a
two sided test) was calculated.

Data obtained was analyzed using SPSS version 15 (Chi-
cago, IL). Independent t test was used for analyzing continu-
ous data. χ2 test and Fishers exact test was used for categorical
data. The differences were considered to be significant if P
<0.05. Analysis was done on an intention- to- treat basis.

Results

Seventy two eligible women agreed to participate in the trial.
Prior to randomisation 12 women opted out of the trial. The
sixty women, who were included in the trial, had either an
unsuccessful fresh blastocyst transfers earlier or did not un-
dergo a fresh transfer due to the risk of ovarian hyperstimula-
tion (OHSS). The group also included women who had a
successful outcome previously and were interested in having
another child. All the women who entered the trial were
available for analysis with no loss to follow up reported (30
in each group) (Fig. 1).

Baseline clinical characteristics of the SEET and control
groups were analyzed and found to be similar with respect to
parameters like age, body mass index (BMI), nature of infer-
tility, duration of infertility, and previous ARTattempts. There
was no statistically significant difference between the two
groups in the controlled ovarian stimulation protocols used,
dose of gonadotrophins, estradiol levels on the day of hCG

trigger, the total number of mature oocytes retrieved (in fresh
cycles), and the number of fertilized oocytes (Tables 1 and 2).

The mean number of blastocysts transferred in the SEET
group and control group were 1.9 and 2.1 respectively and the
difference was not statistically significant. The mean number
of top quality blastocysts (grade 3AA and above) transferred
in the SEET group (1.8) and control group (1.7) were similar.

17 (57 %) patients in the SEET group had positive preg-
nancy test compared to 19 (63 %) patients in the control group
which was not statistically significant difference (Table 3).

Pregnancy outcomes of the two groups were compared.
The clinical pregnancy rates were similar in both the groups
(47 vs. 53 %; P=0.796) (Table 3).

Two biochemical pregnancies were recorded in SEET
group where as in the control group there were a total of three
biochemical pregnancies. There was one pregnancy of un-
known location in the SEET group which was managed
medically (by administeri ng Inj. Methotrexate).

The implantation rate was significantly lower in the SEET
group compared to the control group (27 vs. 44 %; P=0.018).

There were 7 live births in the SEET group (23 %) and 15
live births (50 %) in the control group, the difference being
statistically significant (P=0.032). In the SEET group there
were 6 miscarriages compared to 1 miscarriage in the control
group (43 vs. 6 %; P=0.103), the difference being not statis-
tically significant. Due to a fetal anomaly (bilateral absent

Randomized 
n = 60

SEET group
n = 30
Allotment = 30

Control group
n = 30

Allotment = 30

Positive pregnancy 
rate = 17/30(57%)
Clinical pregnancy 
rate = 14/30 (47%)
Miscarriage rate = 
6/14 (43%)

Positive pregnancy 
rate = 19/30 (63%)
Clinical pregnancy 
rate = 16/30 (53%)
Miscarriage rate =  
1/16 (6%)

Live birth rate = 7/30 
(23%)
Patients available for
analysis n = 30

Live birth rate = 
15/30 (50%
Patient available for 
analysis   n = 30

Eligible = 72
12 declined 

Fig. 1 Consort flow chart
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kidneys) there was one termination of pregnancy in the SEET
group (Figs. 2 and 3).

Multiple pregnancy rates were similar in both the groups
(21 vs. 50 %; P=0.095). In the control group, for one of the
pregnancies, three gestational sacs were identified (triplet
pregnancy) in the initial scan. However the pregnancy contin-
ued as a twin pregnancy due to spontaneous reduction in late
first trimester and ultimately resulted in a twin delivery.

Discussion

Our trial revealed a significantly lower implantation rate and
live birth rate in the group of women who had a prior transfer
of supernatant embryo culture medium during the vitrified
warmed blastocyst transfer cycle (SEET group) as compared
to the control group which had direct embryo transfer.

Blastocyst transfers allow synchrony between the embryo
and the endometrium as well as an opportunity to choose
embryos with higher implantation potential. However cross
talk between the embryo and the endometrium does not occur
initially due to in vitro embryo culture until transfer. Goto
et al. introduced this novel method of SEET as supernatant
fluid is likely to contain several factors produced by the
embryo, like interleukin-1 and hCG, which facilitate the cross
talk and perhaps improve the implantation rate [7]. The au-
thors conducted a randomized trial and included patients with
a poor pregnancy prognosis. They found a significantly higher

implantation rate (72 vs 38 %; P=0.007) and clinical preg-
nancy rate (87 vs 48%; P=0.006) in the group of patients who
had injection of embryo culture medium prior to blastocyst
transfer compared to patients who had direct embryo transfer.
The live birth rate was not reported and the authors suggested
improvement in implantation and clinical pregnancy rates in
SEET group probably due to facilitation of embryo dependent
induction of endometrial receptivity. One of the limitations of
the trial was the method of randomization which was based on
the day of clinic visit (quasi randomization) leading to possi-
bility of selection bias.

The same authors conducted another RCT evaluating the
role of transfer of supernatant embryo culture medium in good
prognosis patients who were undergoing frozen thaw embryo
cycle and had no previous fresh embryo transfer (cryopreser-
vation was done due to high risk of OHSS) [11]. To further test
the embryo cross talk hypothesis, the authors decided to
include an additional arm in which only culture medium was
injected prior to transfer. This was done since independent
effect of culture medium could not be ruled out in the previous
study. The authors found a significantly higher implantation
(92 vs 64 %, P=0.03) and clinical pregnancy rates (80 vs.
56 %, P=0.04) in the SEET group compared to the control
group for patient who had good quality blastocysts. The
implantation rate and pregnancy rates in patients who had
only culture medium transfer prior to frozen thawed transfer
was not significantly different compared to patients who had a
direct embryo transfer. However as in the previous study, the

Table 1 Baseline clinical char-
acteristics and ART cycle details
of the study and control groups

Study

mean (S.D.)

Control

mean (S.D.)

P Value

Age (Years) 29.9 (4.0) 29.8 (4.3) 0.92

Body Mass Index (kg/m2) 24.51 (3.36) 24.49 (3.26) 0.98

Duration of infertility (years) 7.55 (3.36) 8.58 (3.62) 0.26

Total dose of gonadotrophins (IU) 1914.17 (900.35) 1792.50 (764.52) 0.58

Estradiol levels on trigger day (pg/ml) 3282.42 (2154.68) 2737.62 (1353.83) 0.424

Number of MII oocytes 13.05 (5.34) 13.53 (5.22) 0.72

Number of fertilized ooyctes 10.59 (4.38) 10.28 (3.64) 0.857

Number of blastocysts transferred 2.1 (0.5) 1.9 (0.6) 0.186

Number of good quality blastocysts transferred (≥3AA) 1.8 (0.5) 1.7 (0.6) 0.502

Table 2 Baseline clinical and
ART cycle characteristics Study group Control group P value

Type of infertility Primary 14 19 0.194
Secondary 16 11

Previous ART attempt Yes 13 9 0.284
No 17 21

ART protocol Antagonist 13 10 0.11
Long protocol 17 16

Ultralong protocol 0 4
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authors did not report live birth rates and concluded likely
hood of favorable impact of SEET in patients undergoing first
time ART who have good quality blastocysts. Since all our
transfer included at least one good quality blastocyst, we were
unable to draw conclusions regarding the benefits of using
supernatant culture medium depending upon the quality of the
blastocyst transferred.

In a similar randomized trial, use of supernatant blastocyst
culture medium prior to fresh blastocyst transfer was com-
pared to direct blastocyst transfer. Similar implantation and
pregnancy rates were obtained in both the groups but signif-
icantly higher live birth rates were obtained in the group which
had prior transfer of supernatant culture medium (Odds ratio
4.5, CI - P=0.001). This was mainly due to significantly
higher miscarriage rate in the control group [12].

Zhu et al. evaluated the SEETeffect in patients undergoing
fresh cleavage stage embryos on day 3 [8]. In their random-
ized study, day 2 supernatant embryo culture medium was
injected on day 2 for patients due for fresh embryo transfer on
day 3. In the control group, direct embryo transfer was done.
The authors did not find any significant benefit of SEET
following fresh cleavage stage embryo transfer with the im-
plantation rate (27 vs 22 %) and pregnancy rates (49 vs 44 %)
being similar in both the groups.

Our trial revealed no significant difference in clinical preg-
nancy rates between the SEET group and the control group,
which is similar to the findings of previous studies [8, 12].
However the implantation rate was significantly lower in the
SEET group. We also found a significantly lower live birth
rate following prior transfer of supernatant culture medium in
the vitrified warmed blastocyst transfer group. Previous stud-
ies in a similar group of patients (frozen thawed blastocyst
transfer cycles) did not report live birth rates [7, 11]. Our

Table 3 Clinical outcomes in the study and control groups

Study group (n=30) Control group (n=30) P value

Positive pregnancy rate per embryo transfer 17 (57 %) 19 (63 %) 0.792

Clinical pregnancy rate per embryo transfer 14 (47 %) 16 (53 %) 0.796

*Implantation rate per embryo 17/63 (27 %) 25/57 (44 %) 0.018

Multiple pregnancy rate per clinical pregnancy 3 (21 %) 8 (50 %) 0.095

Miscarriage rate per clinical pregnancy 6 (43 %) 1 (6 %) 0.103

*Live birth rate per embryo transfer 7 (23 %) 15 (50 %) 0.032

* Significant difference

Fig. 2 Pregnancy outcomes in SEET group Fig. 3 Pregnancy outcomes in control group
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findings of significantly lower live birth rates in SEET group
are important, since previous studies have reported either
improvement in pregnancy rates or no benefit following
SEET. To the best of our knowledge, this is the first trial
showing a significant negative correlation following SEET
in ART.

Our study included patients with previously unsuccessful
fresh blastocyst transfers and those who did not undergo fresh
transfer due to high risk of OHSS which is similar to study
population included in trials by Goto et al. [7, 11]. The volume
of supernatant fluid for uterine flushing in our trial was 10–
15 μl which was comparable to volume (20 μl) used in earlier
studies [7, 11, 12]. Only notable difference in protocols was in
the volume of culture drop used for embryo culture. We used
15 μl culture drop (group culture containing 3–4 embryos)
where as the previous investigators have used a 50 μl drop for
similar number of embryos [7, 11, 12]. Since we used lower
volume of culture drop for identical number of embryos, the
concentration of embryotrophic factors would have been
higher compared to those in previous trials [7, 11, 12] hence
an unlikely cause for the lower implantation n live birth rates
obtained in our study.

One of the plausible reasons for a lower implantation rate in
the SEET group could be the role of endometrial injury by the
additional procedure (introduction of catheter and injection of
supernatant fluid). The recent Cochrane review evaluating the
role of endometrial injury prior to ART cycle concluded
improvement in live birth rate following intervention com-
pared to control group [13]. However this improvement was
seen only in patients who had endometrial injury in the cycle
prior to ART. In the subgroup analysis, a significantly lower
ongoing pregnancy rates was obtained in patients who had
endometrial injury on the day of oocyte retrieval followed by
transfer in the same cycle [14]. Though introduction of the
catheter and injection of supernatant fluid is unlikely to be
traumatic, the possibility of a deleterious effect on the endo-
metrium affecting embryo implantation cannot be ruled out.

One of the limitations of our study was the lack of blinding.
Possibility of bias cannot be ruled out since both the clinicians
and the embryologist were aware of group allotment, since
one arm had the SEET procedure done prior to embryo
transfer. However there was no difference in either the mean
number or quality of blastocyst transferred in both the groups.
Embryo transfer was done by a limited group of clinicians,
hence any operator dependent effect is unlikely. Another
limitation is the small sample size which is based on the
clinical pregnancy rate: hence not adequately powered to
detect differences in live birth rate. Our findings need further
validation in larger trials in a similar vitrified warmed blasto-
cyst cycle.

Our randomized trial is the first study in which the transfer
of supernatant culture medium prior to vitrified warmed blas-
tocyst transfer was found to have significant negative impact

on implantation and live birth rate compared to direct embryo
transfer. There is a need to conduct larger well designed trials
(with possible blinding) in similar patients planned for vitri-
fied warmed blastocyst transfer to arrive at firmer conclusions.
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