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Abstract

Purpose The aim was to investigate assisted reproductive
technology (ART) outcomes after routine use of Embryo-
Glue® as a human embryo transfer (ET) medium with high
concentration of hyaluronan (HA, hyaluronic acid).
Methods A cohort of total 229 patients was retrospec-
tively enrolled for the present study. They were subjected
for embryo transfer on day 2 either in EmbryoGlue®
(n = 117) as study group or in conventional ET medium
with low concentration of HA as control group (n = 112).
Results  Patients in the both groups, in regards to the mean
level of day 3 FSH, the etiology of infertility, the history of
implantation failure and the rate of good quality embryos
showed similar characteristics. There were no significant
differences between two groups in terms of clinical and
ongoing pregnancies, implantation, delivery and live birth
rates. In spite of a decreased abortion and increased mul-
tiple pregnancy rates in the study group compared to the
control group (15.8 vs. 19 % and 20.6 vs. 15.6 respec-
tively), the differences were not statistically significant.
Conclusions Routine use of EmbryoGlue®as a HA enri-
ched ET medium for cleavage stage embryos does not have
advantage to the conventional one for infertile patients
undergoing ART.
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Introduction

The ART success rates have been significantly improved
over last decades; however, embryo implantation still
remains a major limiting factor [1]. It has been considered
that composition of an embryo transfer medium is impor-
tant for interaction between embryo and endometrium at
the time of implantation [2]. Nevertheless, the role and
composition of ET medium have not been investigated
widely [3]. Moreover, essential factors that appear to be
contributed to embryo development and implantation have
not been yet determined entirely [4]. As more is known
about the in vivo conditions that an embryo is exposed,
some modifications to the embryo culture media are
developed to mimic the original environment. One of the
examples for that is supplementation of ET media with
HA, a major glycosaminoglycan in uterine fluid, which
assumed to improve the process of implantation [5].
Several properties of HA that makes it a potential can-
didate as an implantation-enhancing component have been
elucidated [2]; however, the mechanism by which HA
promotes implantation has not yet been clarified. It has
been shown that HA increases cell-cell and cell-matrix
adhesion, which may function during embryo apposition,
attachment and implantation. Both the endometrium of
uterine and embryo express receptors for HA. This binding
of HA to the embryo might facilitate its attachment to the
uterine endometrium until the embryo grows to a hatched
blastocyst [1]. Indeed, HA produce a viscous environment
that might enhance ET process, while inhibiting the
expulsion of embryos from the uterine cavity after ET [6].
In addition, some degree of viral protection and anti-
immunogenic properties are other characteristics of HA
which prohibit the rejection of an embryo from the uterine
cavity [7, 8]. Based on these data, HA-enriched transfer
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medium (HETM) became a possible candidate for
improving implantation process [1]. Therefore, Embryo-
Glue® as a HETM was introduced to support embryos at
the time of ET for promoting the implantation process [5].

Some clinical reports showed improvement in both
pregnancy and implantation rates with HETM; while,
others have reported no beneficial effects [1]. Therefore,
the aim of this study was to evaluate whether routine use of
EmbryoGlue® as a HETM would be beneficial for
improvement of outcomes in an unselected group of
patients undergoing ART program.

Materials and methods
Patients

A cohort of total 229 unselected patients that underwent for
ART treatment, at Research and Clinical Center for
Infertility, Yazd, Iran, from May 2011 to December 2012
were retrospectively enrolled in this study. For the study
group (n = 117), the ET medium was EmbryoGlue® (Vi-
trolife, Sweden) containing recombinant human albumin
and a high concentration of recombinant HA (rHA). For the
control group (n = 112), the ET medium was G-2"™v5
(Vitrolife, Sweden) containing HSA and a lower concen-
tration of tHA. The study was approved by ethics com-
mittee and institutional review board. All the patients
signed informed consents.

Ovarian hyperstimulation, ICSI and IVF procedures

Controlled ovarian hyperstimulation was performed fol-
lowing pituitary down-regulation as described previously
[9]. Oocyte retrieval was performed approximately 36 h
after hCG administration by transvaginal ultrasound-guid-
ance. All sperm preparations were performed with density
gradient centrifugation or swim-up techniques [10, 11].
Conventional IVF or ICSI procedures were applied
according to etiology of infertility [12, 13].

Fertilization and embryo evaluation

After ICSI or denudation after conventional IVF, the
oocytes were washed twice and were placed in micro
droplets of G-1"™v5 medium (20 pl) (Vitrolife, Sweden)
covered with mineral oil. After 16—18 h of incubation, the
oocytes were assessed for presence of two pronuclei (2PN).
The zygotes were kept in G-1"v5 until ET on day 2.
About 48 h post-injection or insemination, the embryos
were morphologically classified according to Hill et al. [14]
as following: Grades A: Even blastomeres with no frag-
mentation. B: A little inequality in blastomeres size,

@ Springer

<10 % cytoplasmic fragments. C: Unequal sized blasto-
meres, <50 % fragments. D: Unequal blastomeres, severe
fragmentation and large black granules. Grades A and B
were considered as high quality embryos. Grade D
embryos were discarded.

Embryo transfer and luteal support

In the control group, embryos with grade A, B and C were
transferred into G-2™v5 medium. However, in the study
group, they were transferred into EmbryoGlue®. These
media were preincubated overnight in an environment of
5% 0,3, 6 % CO, at 37 °C. The catheters (Cook; Cook
Medical, USA) were loaded by an embryologist and han-
ded to a clinician for performing ET.

In agonist protocol, the luteal phase was supported by
intravaginal progesterone (Progesterone, Aburaihan Co.,
Iran) 400 mg BID, starting from the day of oocyte retrieval
until the 10th week of gestation. Also, in antagonist pro-
tocol for luteal support patients received estradiol (Abu-
raihan Co., Iran) 2 mg BID, in addition to progesterone.

Chemical pregnancy was confirmed by measuring BhCG
level on day-14 of ET. Clinical pregnancy was defined as
presence of fetal heartbeat that was evaluated seven weeks
after ET using ultrasound. Implantation rate was calculated
as total number of intrauterine gestational sacs divided by
total number of transferred embryos multiplied by 100.
Ongoing pregnancy was defined as pregnancy proceeding
beyond the 12th week of gestation. Abortion rate was
defined as number of clinical pregnancy losses before 20th
week of gestation divided by the total of chemical preg-
nancy. Delivery rate was defined as a ratio between
deliveries and ET cycles. Live birth rate was defined as a
ratio between number of healthy newborns and number of
ET cycles.

Statistical analysis

Distribution of data was analyzed by Kolmogorov—Smir-
nov test and accordingly Mann—Whitney U test, Chi-square
test and independent samples ¢ test applied for the analysis.
P < 0.05 was considered statistically significant. Data
analysis was performed with SPSS 17 software.

Results

Causes of infertility in the study and the control groups are
summarized in Table 1. The patients’ characteristics in the
aforementioned groups are presented in Table 2. There
were no significant differences between the groups in
regard to the number of IVF or ICSI cycles, patient’s ages,
FSH level on day 3, the number of patients without
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Table 1 Causes of infertility of patients who were included in the
study

Table 3 Comparison of clinical outcome between study (Embryo-
Glue®) and control (G-ZTMVS) groups

Study group Control group P value Parameter Study group Control group P value
(%) (%) (n=117) (n=112)
Male factor 72 (63.2) 67 (60.9) 0.78 Chemical 38/117 (32.5) 37/112 (33) 0.92
Ovarian 17(14.9) 16 (14.5) 1.00 pregnancy rate
dysfunction Clinical 34/117 (29.1) 32/112 (28.6) 1.00
Endometriosis 8 (7.0) 4(3.6) 0.37 pregnancy rate
Tubal factor 6 (53) 10 (91) 0.30 Singleton 27/34 (794) 27/32 (844) 0.75
Multiple factors 7 (61) 6 (55) 1.00 Multiple 7/34 (206) 5/32 (156) 0.75
Unexplained 4 (3.5) 7 (6.4) 0.37 pregnancy
Twin 7/34 (20.6) 3/32 (9.4) 0.3
Triplet 0/34 (0) 2/32 (6.2) 0.009*
. . . Implantation rate ~ 41/267 (15.4) 42/244 (17.2) 0.63
previous failed cycles, the number of retrieved oocytes or .
. L Ongoing 32/117 (27.4) 31112 (27.7) 1.00
metaphas§ IT qocytes agd fertilized oocytes. Likewise, the pregnancy rate
cycles with high quality .err.lbryos and the number of . .. o 6/38 (15.8) 7137 (19) 0.74
transferred emb'ry.os were snmlgr between th'e th) groups. Delivery rate 301117 (25.6) 271112 (24.1) 0.88
The rates of clinical and ongoing pregnancies, implanta- [ . ... 37117 (31.6) 35/112 (31.3) 1.00

tion, delivery and live birth in the study group were similar
when compared with the control group (Table 3). In the
study group, the rate of multiple pregnancies was numer-
ically higher than those in the control group (20.6 vs.
15.6 %, respectively).

In the study group, seven twin pregnancies occurred
among the 34 clinical pregnancies compared to three twins
and two triplets out of 32 pregnancies in the control group.
The differences in twin pregnancies between two groups
were insignificant (20.6 vs. 9.4 %, respectively). However,
the difference in triplet pregnancies between two groups
was significant (0 vs. 6 %, respectively). The comparison
of the abortion rate between the study (15.8 %) and the
control group (19 %) was not significant.

Discussion

The beneficial effect of HA in transfer medium is not yet
studied well and remained as a controversial issue.

Values in parentheses are percentage

 Statistic is significant at 0.05

Hambiliki et al. [15] reported that both embryo and
endometrium produce HA. Therefore, they reasoned that
there is no need to add HA into the ET medium. Several
studies have revealed that HA- enriched medium can
improve implantation and pregnancy rates [3, 16, 17]. On
the other hand, it has been shown that HA in transfer media
does not improve implantation rates [4, 8, 18, 19]. Our
findings support the later studies, verifying that the bene-
ficial effect of EmbryoGlue® is inconclusive. Our obser-
vation showed no significant differences in pregnancy,
implantation and ongoing pregnancy rates between both
studied ET media.

In the present study, the same number of selected
embryos was transferred in both of the study and the
control groups; however, multiple pregnancy rate in the
study group was 5 % higher than the control group (20.6

Table 2 Comparison of patients’ characteristics between study (EmbryoGlue®) and control (G-2™v5) groups

Parameter Study group (n = 117) Control group (n = 112) P value
IVF/ICSI cycles (%) 9/108 (8.3) 12/100 (12) 0.40
Females’ age (Mean + SD) 30.33 £ 5.43 30.15 £ 5.32 0.79
Day 3 FSH, mIU/ml (Mean + SD) 6.96 + 3.06 6.6921 £+ 3.43 0.56
Patient without previous failed cycles (%) 94 (81.7) 91 (82.7) 0.86
No. of oocytes retrieved median (minimum-maximum) 9 (1-25) 10 (1-33) 0.94
No. of MII oocytes median (minimum-maximum) 7 (1-22) 7 (1-23) 0.96
No. of fertilized oocytes median (minimum-maximum) 4 (1-18) 3.5 (1-15) 0.07
Cycles with high quality embryos (%) 97/117 (83) 96/112 (86) 0.6

No. of transferred embryos median (minimum—maximum) 2 (1-4) 2 (1-4) 0.31
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vs. 15.6 %). In addition, twin pregnancies were higher in
the study group (20.6 vs. 9.4 %, respectively). These out-
comes are in agreement with those achieved by Simon
et al. [18], Valojerdi et al. [8] and Friedler et al. [16]
studies in which multiple pregnancy in HETM group was
insignificantly higher. Whereas, in Urman’s study, this
difference was significantly higher [3]. Increase in multiple
pregnancies may be the result of improved pregnancy
outcomes with HA along with transferring of more than
one embryo [2]. Therefore, reducing the number of trans-
ferred embryos should be considered to avoid multiple
pregnancies if HETM is used [3]. Interestingly, the triplet
pregnancies in the control group were slightly higher when
compared to the study group (6 vs. 0 %). The abortion rate
was insignificantly decreased in women who received high
concentration of HA (15.8 vs. 19 %). These results were in
line with the previous reports [3, 16], confirming the
abortion rate is not influenced by high concentration of HA.

Another finding in our study was to identify the delivery
rate. In the study group, 30 women have given birth (37
healthy newborns) for a take-home baby rate of 31.6 % that
was comparable to the control group. In previous studies,
the live birth rate after using HETM was infrequently
reported and no conclusions could be made [2]. As dis-
cussed here, our results were sometimes in agreement or in
contrast with the previous studies. This could be explained
by the fact that the patient inclusion criteria varied con-
siderably among these studies.

It is notable that our unselected patient’s cohort was
relatively young with mean level of FSH <7 and the
majority of patients had no previous unsuccessful ETs.
Their response to the controlled ovarian stimulation was
satisfactory and median of seven mature oocytes retrieved,
which led to the development of high quality embryos. The
rates of high quality transferred embryos in both study and
control groups were high. Considering all the mentioned
data, these patients showed good prognosis during ART
treatment. It seems that using HETM for patients with good
prognosis has no beneficial effect on pregnancy outcomes.
In agreement with our findings, the previous studies that
used high concentration of HA for ET in selected good
prognosis patients (with limited previous embryo transfer
attempts, female age <35, having good quality embryos)
[5, 18, 20], showed no beneficial effect on clinical preg-
nancy, ongoing pregnancy and implantation rates as well.
However, studies which are done on poor prognosis cohort
[16] were indicating that HETM improved all the afore-
mentioned parameters.

Our findings do not support routine use of EmbryoGlue®
for all patients seeking ART treatment program. Loutradi
et al. [4] showed no improvement in clinical pregnancy
rates in a non-selected group of patients using Embryo-
Glue® compared to G-2™3. They stated that a high
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concentration of HA in ET medium in the presence of
recombinant HSA neither compromised nor improved the
pregnancy rates. The other study by Valojerdi et al. [8] in a
prospective randomized study showed that when consid-
ering all patients together, no differences were found
regarding implantation or clinical pregnancy rates between
the study and control groups. In contrast, the study con-
ducted by Friedler et al. [16] indicated that in patients with
at least four previous unsuccessful transfer, the use of a
commercially available ET medium enriched with HA
(EmbryoGlue®) caused significant improvement in
implantation and in clinical pregnancy rates.

The beneficial effect of HETM was obvious, especially
in women with recurrent implantation failure (RIF), in
women >35 years old, and in cases that received poor-
quality embryos. Increased implantation rate in women
with poor quality embryos and in older women is in regard
to this hypothesis that, HETM increases the potential of
embryos implantation. A noticeable increase in implanta-
tion and multiple pregnancy rates using HETM compared
to the clinical pregnancy rate also supports this hypothesis.
A woman’s age can affect oocyte and embryo quality,
rather than endometrium. The utilization of HETM in this
group of patients most likely increases implantation by its
effects on embryo [3]. Nakagawa et al. [1] reported that
inadequate levels of HA might explain some of patients’
history of four or more unsuccessful ETs. Therefore, the
improvement of embryo implantation in poor prognosis
patients could be due the compensation level of HA used in
the transfer medium.

The possible reason that using HA did not show any
effect on implantation rate in most of the previous studies
is that HA was present in both the study and the control
transfer media [16]. The differences between Embryo-
Glue® and G-2™V5 were in increasing concentration of
HA by fourfold and in reduction of the recombinant human
albumin by fourfold in EmbryoGlue® [3]. Likely, the dif-
ference in HA concentration was not great enough to cause
a significant rise in implantation rate, particularly in a non-
selected group of patients [16].

It should be noted that, in most previous prospective
studies [1, 3, 5], delivery and live birth rates after using
HETM were poorly reported and a comprehensive con-
clusions could not be made [2]. Therefore, despite the
limitation of our study that was retrospective, we reported
delivery and live birth rates in addition to clinical, ongoing
and multiple pregnancies, implantation and abortion rates
in the unselected cohort of patients.

In conclusion, our data showed that high concentration
of HA in ET medium neither compromised nor improved
ART outcomes. In spite of the limitations of the current
study, it is important to report that EmbryoGlue® may not
be the best option for all patients. Therefore, further
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prospective double-blind controlled trials would be better
option for: (1) to make net conclusions regarding the role
of HA as an implantation enhancing factor; (2) to deter-
mine whether EmbryoGlue® is the best option in a selected
patient population, such as patients with poor quality
embryos, RIF and advanced maternal age.
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