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Figure 5. Eradication of COX-2 production in LPS-treated peritoneal
macrophages by resveratrol exposure. Cultured peritoneal macro-
phages were incubated with resveratrol (final concentratior: 50 or
100 pmolfl) for 12 hours. Resveratrol-treated or control macro-
phages were exposed to [00 nmol/L of LPS for 4 hours. COX-2 mes-
senger RNA (mRNA) levels in macrophages were assessed using
reverse transcription-quantitative polymerase chain reaction {RT-
qPCR). Data are representative of 2 independent trials. *P < .05.
COX-2 indicates cyclooxygenase 2; LPS, lipopolysaccharide.

eradication of LPS-induced COX-2 production in macro-
phages residing around the uterus.

A volume of 10 pg of LPS injection into the cervices caused
preterm birth in 90% to 100% of pregnant mice. This LPS dose
had been optimized for our preterm birth model in our previous
study.”’ Resveratrol administration significantly reduced the rate
of preterm birth rate by half. We investigated the rate of preterm
birth using 2 doses of resveratrol: 20 and 40 mg/kg of body
weight, More than 40 mg/kg of resveratrol was not able to be
administered to mice because of the matemnal toxicity of ethanol,
which is requisite for solubilizing resveratrol. In this model,
ethanol was administered equally to resveratrol-treated (as a sol-
vent) and control (as a vehicle) mice. Approximately half of the
fetuses did not have preterm birth only in resveratrol-treated
mice. There was no difference in reduction rate of preterm birth
between 20 and 40 mg/kg of resveratrol-ireated mice. Consider-
ing ethanol toxicity, 20 mg/kg of resveratrol was thought to be
the optimal dose for protection against preterm birth. Therefore,
we chose this dose for the following examinations.

According to the report,22 plasma concentration of resvera-
trol peaks 10 minutes after oral administration, and peak con-
centrations were 32 umol/L in plasma when mice are
administered 240 mg/kg of resveratrol. Although we didn’t
assess concentrations of resveratrol, the estimated concentra-
tion of resveratrol would be around 5 pmol/L. The concentra-
tion of resveratrol we used in vivo is lower than the
concentration that resveratrol showed its anti-inflammatory
effect on cultured peritoneal macrophages in vitro. We con-

" sider this discrepancy would be due to the complicated
mechanism in vivo where cells like fibroblasts or other immu-
nocytes work together with macrophages.

Proinflammatory cytokine levels were increased, with a
peak of 4 hours after LPS injection. Preterm delivery occurred
at 12 to 48 hours after LPS injection. The time lag between

local inflammation and delivery can be explained by the fact
that proinflammatory cytokine production accompanies

+ COX-2 production, followed by uterine contraction and cervi-

cal ripening, and finally, preterm delivery. Therefore, fransient
supraphysiological inflammation around the uterus appeared to
be critical for our LPS-induced preterm birth model. We found
that resveratrol administration abolished LPS-induced local
inflammation at 4 hours after LPS injection. This finding
strongly suggested that anti-inflammatory effect of resveratrol
contributed to a reduction in preterm birth in this model.

Inhibitory effects of resveratrol on NF-xB activity have
been well reported in various types of disease models.!®'® The
NF-B activity is observed not only in classical immune cells
but also in the uterine myometrium, decidual stroma, and
amniotic cells.?®> The NF-xB promotes expression of the proin-
flammatory cytokines TNF-«, IL-1B, IL-6, and IL-8, which
play a central role in induction of term or preterm labor.2*2¢
In turn, NF-«B is activated by various stimuli, including LPS
and proinflammatory cytokines, such as TNF-u and IL-1p.
These proinflammatory cytokines and the NF-xB pathway
appear to create a positive feedback loop in the gestational
tissues that are exposed to LPS. Resveratrol may inhibit the
NF-kB/cytokine loop in this model.

The TNF-a, IL-18, IL-6, IL-8, the IL-10 family, the IL-12
family, IL-15, and TGF-§ are LPS-inducible cytokines that are
produced by human monocytes and macrophages through
innate immune pathway.?” Among them, we focused on murine
proinflammatory cytokines and examined LPS-induced pro-
ductions of these cytokines. In peritoneal washes and cervical
tissue, TNF-o, IL-1B, and IL-6 were significantly increased
by LPS exposure to the cervices. In our in vivo model, resver-
atrol abolished LPS-induced elevation of TNF-o and IL-1§ lev-
els, whereas it slightly suppressed elevation of IL-6 levels. As
mentioned previously, TNF-u and [L-1p are well-known proin-
flammatory cytokines that are secreted mainly by immune
cells, such as macrophages, IL-6 is produced in various types
of stromal cells, such as fibroblasts, decidual stromal cells, adi-
pocytes, and the myometrium 23! Furthermore, IL-6 is also
induced by proinflammatory cytokines, such as TNF-o and
IL-1B, as well as being directly induced by LPS stimulation.*?
Considering that LPS stimulation of toll-like receptors of
macrophages is the first step of this preterm delivery model,
and direct inhibition of this signal was represented by the sup-
pression of TNF-a and IL-1p expression in peritoneal washes
and the uterine cervix, Circulating IL-6 protein and mRNA lev-
els are the result of various types of responses from various
types of cells. Therefore, anti-inflammatory effects of resvera- |
trol could not be shown clearly as suppression of IL-6
production.

Cyclooxygenase 2 is an inducible enzyme that is particu-
larly responsive to inflammatory stimuli.>® Cyclooxygenase 2
is upregulated in the amnion, choriedecidua, and myome-
trium.** Cyclooxygenase 2 produces PGE2 and PGF2« as
potent inducers of spontaneous uterine contractility and cervi-
cal ripening.®® Therefore, upregulation of COX-2 is associated
with the pathological mechanism of preterm birth not only in

Downloaded from rsx.sagepub.com at University of Tokyo on May 22, 2016



Furuya et al

1567

the mouse model but also in humans. A previous study reported
that resveratrol suppresses LPS-induced COX-2 elevation in
the gestational tissue?® but the study did not focus on the
macrophages. Macrophages are pivotal cells for production
of COX-2 and consequent production of PGE2 and PGF2o.
We have previously demonstrated that suppression of LPS-
induced PGE2 and PGF2u elevation in gestational tissues is
associated with suppression of macrophage function by
omega-3 fatty acids,’® Taken together, our data suggested that
resveratrol acts mainly on macrophages residing arcund the
uterus. :
Recently, there are some reports that indicates the bio-
physical activity of resveratrol metabolites such as resvera-
trol-3-O-sulfate.”® In this study, we didn’t mention whether
the anti~inflammatory effect is caused by resveratrol or resver-

atrol metabolites, therefore, further investigation is needed to '

clarify the precise mechanism of its anti-inflammatory effect.

In summary, resveratrol administration protects against
LPS-induced preterm birth in a preterm mice model by sup-
pression of local proinflammatory cytokines production. Cur
study suggests that the anti-inflammatory effect of resveratrol
results in eradication of proinflammatory cytokine-mediated
COX-2 elevation in macrophages residing around the uterus.
The safety of resveratrol for pregnant women and the fetus
remains to be determined, and further studies are needed for its
administration to pregnant women. Resveratrol may be a
potential therapeutic agent for preterm birth.
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Abstract

Purpose The purpose of the present study is to assess the
significance of elective single-embryo transfer (eSET) in older
Women. .

Methods The outcomes of assisted reproductive technology
between 2001 and 2013 at single institution were retrospective-

ly evaluated, Cumulative live birth rates (CLBRs) in one cocyte -

retrieval cycle were compared between those who underwent
eSET and multiple embryo transfer (MET) in fresh cycles.
Results The outcomes of 429 eSET cycles and 965 MET cy-
cles were compared. CLBRs in eSET were higher than those
of MET in women under 37 and were comparable in women
aged 37 and over. The analysis of the outcomes separately in
three age subgroups showed a significantly higher CLBR in
young eSET (aged under 37) than that in young MET and
similar CLBR between older (aged 3740 and over 40) eSET
and MET. Multiple birth rates were lower in eSET in all age
groups. Multivariate logistic regression analyses showed that,
in women aged under 37, number of frozen embryos, presence
of good-quality embryos, and eSET were significantly related
to cumulative live birth. In women aged between 37 and 40,
age and number of frozen embryos were significantly related,
.while eSET was not.

Capsule Elective SET in women aged 37 and over reduced multiple
pregnancy rate but did not improve cumulative live birth rate.

< Akihisa Fujimoto
fujimoto-tky@umin.ac.jp

! Department of Obstetrics and Gynecology, Sanraku Hospital, 2-5

Kanda-Surugadai, Chiyoda-ku, Tokyo 101-8326, Japan

Department of Obstetrics and Gynecology, Faculty of Medicine,
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655,
Japan

Conclusions ¢SET in women under 37 resulted in increased
CLBR compared with MET. In women aged between 37 and
40, CLBR in eSET group was similar with that in MET group.
In both age groups, eSET reduced multiple birth rates. The
significance of eSET in older women is limited presently, and
further research on the strategy to improve cumulative out-
comes is necessary.

Keywords eSET - Age - Cumulative live birth rate -
Multivariate logistic regression analyses

Introduction

Multiple pregnancy as a result of more than one embryo trans-
fer is one of the most serious complications of assisted repro-
ductive technology (ART), leading to increased matemal mor-
bidity and mortality as well as perinatal complications {1]. In
the last 15 years, in proportion as advancements in ART and
increased implantation rate, reduce the number of transferred
embryos has been of main concem for many of the clinicians
involved in ART in the world [2, 3].

Elective single-embryo transfer (eSET) has been widely
accepted as a strategy to reduce the risk of multiple birth
especially in selected patients, Most of the previous reports
regarding the efficacy of eSET have targeted younger patients
with enough ovarian reserve, describing a significantly lower
rate of multiple pregnancy than multiple embryo fransfer cy-
cles, as well as comparable cumulative pregnancy rates in-
cluding subsequent frozen embryo transfer cycles [4, 5].

On the other hand, the significance of eSET in unselected
orolder patients is controversial. In a non-randomized study in
women aged 3639 years, clinical pregnancy rate and live

‘birth rate in fresh transfer cycles were similar between eSET

and double-embryo transfer (DET) groups [6]. Another
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retrospective cohort study showed similar results in women
aged 40-44 years [7]. In these two reports, women in eSET
groups achieved significantly higher cumulative pregnancy
and live birth rates including subsequent frozen-thawed em-
bryo transfer cycles than those in DET groups. However, in a
review from a Canadian study group, in women aged 38 years
and over, eSET resulted in a significant reduction in live birth
rate compared with DET [8]. There have been very few large-
scale studies regarding eSET in older patients compared with
those in younger patients.

In 2008, the Japan Society of Obstetrics and Gynecology
(JSOQ@) issued guidelines regarding mandatory SET for wom-
en less than 35 years of age and in their first and second ETs to
reduce multiple pregnancies. Since then, we have recom-
. mended patients of all ages to undergo SET according to the
instructions of JSOG. We have expanded application of eSET
to women of higher age because we considered that multiple
pregnancies in older women might be associated with in-
creased maternal morbidity [9] and that frozen embryo trans-
fer after failed fresh transfer cycles could compensate low
success rate of eSET in them.

In this retrospective study, the overall effectiveness of
eSET was evaluated with cumulative live birth rate (CLBR)
after fresh and frozen transfer cycles in one oocyte retrieval.
We compared the outcome after eSET with that after multiple
embryo transfer (MET) to examine the significance of eSET
policy inunselected patients and to readdress the indication of
eSET.

Material and methods

This retrospective study included all women who
underwent ART treatment in the IVF Unit of University
of Tokyo Hospital between January 2001 and December
2013. The Institutional Review Board approval was ob-
tained at University of Tokyo Hospital. Controlled ovarian
stimulation (COS) was mainly performed using long pro-
tocol. Nafarelin nasal spray (Nasanyl®; Pfizer Pharmaceu-
ticals, Japan) was started in the mid-luteal phase. On the
third day of the following menstruation cycle, ultrasound
examination was performed to confirm pituitary suppres-
sion, followed by the administration of human menopausal
gonadotropin (AMG) (hMG Teizo”; ASKA Pharmaceutical
Co. Ltd., Japan) or pure follicle-stimulating hormone
(FSH) (Gonapure”; ASKA Pharmaceutical Co. Ltd., Ja-
pan). In patients with diminished ovarian reserve, clomi-
phene citrate and/or hMG combined with GnRH antago-
nist was used. Clomiphene citrate (Clomid® ; Shionogi &
Co. Ltd., Japan) or hMG was started on the third day of a
menstrual cycle, followed by the combination with
ganirelix acetate (Ganirest”; MSD Co. Ltd., Japan)
0.25 mg s.c. When the size of the lead follicle reached

@ Springer

18 mm in mean diameter as measured by transvaginal
ultrasound, 10,000 IU of human chorionic gonadotropin
(hCG) was administered. Oocytes were retrieved
transvaginally with ultrasound guidance 34 h after hCG
injection. They were inseminated or injected with hus-
band’s” spermatozoa, depending on semen quality. Number
of cells and morphology of each embryo were evaluated
according to the criteria reported by Veeck [10] on day 3
after oocyte retrieval. Seven or eight cell embryos with
grade 1 or 2 were defined as good-quality embryos. Other
embryos with grades 1-3 were defined as fair-quality and
those with grades 45 as poor-quality embryos. Embryo
transfer was performed under ultrasound guidance on day
3 after oocyte retrieval, and the supermumerary embryos
were cryopreserved in day 3 or day 5 using viirification
method. Thawed embryo transfer was performed in natural
or hormone replacement cycles. The luteal phase was sup-
ported with progesterone suppository (200 mg/day) and
transdermal estradiol (Estraderm M®; Kissei Pharmaceuti-
cals, Japan). Luteal support was continued up to 7 weeks
of gestation, when fetal heartbeat was detected with
transvaginal ulirasound,

Between 2001 and 2007, number of embryos frans-

femed was 2 or 3, depending on patients’ age, embryo .

quality, and previous results of treatment. eSET was per-
formed only for parous women or for those for whom

multiple pregnancy was contraindicative for medical or.

other reasons. In and after 2008, women of zll ages who
had good-quality embryos were strongly recommended to
undergo €SET to minimize the risk of multiple pregnan-
cies. They were informed of possible risks associated with
multiple pregnancies and of chances of success after sub-
sequent frozen embryo transfer cycles. Double-embryo
transfer (DET) was performed for patients under 39 years
of age with more than four previous implantation failures
and for patients aged 39 years and over with more than
three previous failures. When there were no good-quality
embryos suitable for transfer, embryo transfer was per-
formed or cancelled after taking the couples’ opinion into
consideration. In such cases, SET was performed in the
patients under 39 years of age with less than three previ-
ous failures, and DET was performed in other patients.
The supermmumerary embryos were incubated until day 5,
when they were evaluated again, and blastocysts suitable
for transfer were cryopreserved,

Data on fresh embryo transfer and subsequent frozen-
thawed embryo transfer were collected as cumulative results
in one oocyte retrieval cycle. Cumulative live birth was de-
fined as ever occurrence of a live birth as a result of single
cocyte retrieval and treated as a bivariate outcome. Cumula-
tive results were analyzed as of December 2014, Ongoing
pregnant cases in more than 12 weeks of pregnancy using
frozen embryos were counted for live birth.



J Assist Reprod Genet (2015) 32:1773-1779

1775

Patient selection and statistics

Only women who underwent fresh embryo transfer were in-
cluded in the present stady. The inclusion criterion for eSET
group was defined as single-embryo transfer with one or more
frozen embryos. The criterion for multiple embryo transfer
(MET) group is defined as two or three embryo transfers in
fresh cycles. In both groups, women who underwent three or
more previous cocyte retrieval {OR) cycles were excluded
from the study. Clinical pregnancy and implantation rates of
the patients in the study groups in each year were analyzed
with Speaman’s rank correlation coefficient. In the two study
groups, live birth rate following fresh transfer cycles and
CLBR were compared in different age groups. According to
the result of the first analysis, patients were divided into six
groups—young eSET, intermediate eSET, old eSET, young
MET, intermediate MET, and old MET. Next, the characteris-
tics and the outcomes of ART following eSET or MET were
compared in each age group. Chi-square tests were used to
compare insemination method (IVF or intracytoplasmic
sperm injection (ICSI)), controlled ovarian stimulation
(COS8) protacols (long protocol, antagonist protocol or
others), presence of good-quality embryos, clinical pregnancy
rate, live birth rate, and multiple live birth rate in fresh, frozen
transfer cycles and cumulative outcomes, Number of retrieved
oocytes was compared using ¢ test. Thirdly, significance of
eSET in three age groups to achieve cumulative live birth
was examined using logistic regression analysis, We adjusted
for confounders including year of treatment, maternal age,
insemination method, COS protocol, number of retrieved oo-
cytes, number of frozen embryos, and presence of good-
quality embryos. In each age group, multilevel univariate
analyses were conducted with cumulative live birth as the
dependent variable. Variables with p<0.20 in the univariate
analysis were selected for variables in subsequent multivariate
analysis. Excel Statistics Ver.6.0° and Excel Multivariate
Amnalysis Ver. 6.0° (Esumi Co. Ltd., Tokyo, Japan) were used
as a statistical software program. Statistical significance was
defined as p<0.05.

Results

During the study period, there were 2624 OR cycles conduct-
ed in the IVF Unit of University of Tokyo Hospital. The age of
the patients was between 24 and 46 years old. The patient
selection chart for the two study groups is shown in Fig. 1.
In the study period, there were 1987 fresh embryo transfer
cycles, 788 of which were conducted as SET and others as
MET. In SET cycles, 437 were accompanied by frozen em-.
bryos. Eight 0437 eSET cycles were excluded from the study
because of three or more previous OR cycles. Of 1199 MET
cycles, 234 cycles with three or more previous OR cycles were

excluded from the further analysis. Accordingly, 429 ¢SET
cycles and 965 MET cycles met the criteria for the present
study. ‘ .
The study pericd in the present research was as long as
13 years, so we analyzed clinical pregnancy and implantation
rates per transfer in fresh cycles of women aged under 37

_ included in the study in each year (Fig. 2). Clinical pregnancy

rate did not change (#=0.374, p=0.21), while implantation
rate significantly increased during the study period (r=
0.769, p=0.002). Live birth rate in fresh transfer cycles and
CLBR of the two groups stratified by age are shown in Fig. 3.
In both groups, live birth rates declined according to mateinal
age. In eSET group, live birth rates in fresh transfer cycles
were slightly higher than those of MET group in women aged
36 and under. In ICSI, the differences of live birth rate be-
tween eSET and MET In young women {(aged under 31) were
bigger than those in IVF (Fig. 3a, b). However, in women
aged 37 and over, live birth rates in eSET fresh cycles rapidly
dropped and fell below those of MET cycles in both IVF and
ICSL Rapid declines of success rate in older women with
eSET were also observed in CLBR (Fig. 3a—c). CLBRs in
eSET group were higher than those of MET group in womien
under 37 and were comparable in women aged 37 and over
(Fig. 3c).

According to the result of initial analysis, significance of
eSET policy was examined separately in three age groups—
younger (under 37), intermediate (between 37 and 40), and
older (over 40) patients. The characteristics and outcomes of
treatment cycles in six groups—ryoung eSET (group A),
young MET (group B), intermediate eSET {group C), inter-
mediate MET (group D), old eSET (group E), and old MET
(group F)—are shown in Table 1. Insemination methods (IVF
or ICSI) were similar between groups A and B, while signif-
icantly more women in group D underwent ICSI than those in
group C. In all age groups, use of GnRH antagonist was sig-
nificantly more frequent in eSET cycles than in MET cycles.
Number of retrieved oocytes was similar in all age groups. In

~eSET, significantly more ETs were performed with good-

quality embryos in all age groups.

Clinical pregnancy rate in fresh transfer cycles was not
significantly different in younger age groups (groups A and
B), and live birth rate was significantly higher in group A than
in group B (p=0.033). There was no multiple birth in group A
while 23.6 % resulted in multiple deliveries in group B. In
group A, number of frozen embryos was significantly higher
than in group B. Over one third of frozen embryo cycles
(35.3 %) resulted in live birth following subsequent transfer
cycles, and CLBR reached 66.1 % in group A, significantly
higher than those in group B.

In women aged 37-40, clinical pregnancy rate and live
birth rate in fresh transfer cycles were significantly lower in
eSET group (group C) than in MET group (group D). In group
C, significantly more embryos were frozen, and 20.0 % of

@ Springer



1776

J Assist Reprod Genet (2015) 32:1773-1779

Fig.1 The patient selection chart
for the two study groups

Single Embryo Transfe
SE
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Fresh Embryo transfer No fresh embryo
Cycles n=1987 transfer n=578
]
Multiple Embryo Transfer
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No embryo freezing elective SET(SET+frozen
n=351 embryos) n=437

No. of OR cycles>3
n=234

. I

No. of OR cycles>3
n=g§ i

eSET group n=423"

MET group n=965

frozen cycles resulted in live birth, CLBR in group C was
slightly higher than that in group D, though not statistically
significant (31.9 vs. 25.3 %, p=0.13). Multiple birth rates in
fresh transfer cycles, frozen transfer cycles, and cumulative
results were significantly lower in group C than those in group
D. In women aged over 40, there were no statistically signif-
icant differences in live birth rate in fresh transfer cycles or
CLBR between eSET and MET. Cumulative multiple birth
rate in eSET group (group E) was lower than that in MET
group {group F), though not statistically significant (0 and
9.5 %, respectively).

As shown in Table 1, there were several possible confound-
ing factors in eSET and MET groups.

Therefore, to elucidate the significance of eSET in each age
group, we subsequently investigated independent factors

associated with cumulative live birth using logistic regression
analysis. Results of univariate analysis in three age groups are
shown in Table 2. In women aged under 37, year of treatment,
age, number of retrieved oocytes, number of frozen oocytes,
presence of good-quality embryos, and eSET were significant-
ly related to cumulative live birth (»p<0.05). In women aged
between 37 and 40, age, ICSI, number of retrieved oocytes,
number of frozen embryos, and presence of good-quality em-
bryos were significantly related to cumulative live birth, while
eSET was not (p=0.130). In women aged over 40, age and
number of retrieved oocytes tended to be related to cumulative
live birth, though not statistically significant (p=0.067 and
0.063, respectively).

Results of subsequent multivariate logistic regression anal-
ysis in each age group using variables with p<0.20 in the

Fig.2 Clinical pregnancy/ 9
implantation rates in fresh cycles el
for women aged under 37 in each % 60
year c
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= 50
2 N A A * A
@ .
- L]
Bl A 4 A A .
5 A
g A ° 4
E 30
I
= °
=~ 20
§ °
g I
D 10 A: Clinical Pregnancy rate  0.374 0.21
T » : Implantation rate 0.769 0.002
o
o O 0 T T T U T T =
£ 2000 2002 2004 2006 2008 2010 2012 2014
© Year of Treatment

@ Springer



§ 1777

J Assist Reprod Genet (2015) 32:1773-1779

ASFuBa 10 (94) # Se payuasaid sonfeA

wo 000 100°0> st %00 (% zea) 8t %692 (% 0°92) 9% @y (@107 wq spdnpacs sagemwny
150 £ro 100°0> Wiz % ovL (9% €520 18 @611 (% L8OLLL % 1'99) 9p1 (IeAdUI32%) YHIQ SAY dARINWING
990'0 $00°0 100°0> % £00) 66 % €€ 91 @ osO it g8 8L (&% 18P 0TT (% £7L) 091 (jeastm,) AowruGord jeown)o daEmUnDy
£6'0 9€1°0 100°0> % 0°05) 1 %00 % 1€ € % €9 % 772) 01 % 90T N g ofdgnur 19y
€L0 e 600°0 (VX354 e ed) v % cTD el % 000) 7€ (% 9'€0) S (% €68 8L (01045 z20Y /% )iq 9aT] LS
9%°0 £900 00 ©%osDs (% 802) 01 (% 861 1T % 0°0£) 8 (% 8°67) LS (% L0%) 06 (o1ks ozca/94) Avueudond reotutfs 194
100'0> 100°C> 10070> SIFYQ - I'1%6'1 STFT STFET TEFIT STFYE Iokd 92001 /5041q1010 UAZOL JO "ON
100°0> 100°0> 100°0> (S A AVE 4 8y @ 1°€8) 901 0wl s 6l [£44 (togsuren ysoy5) soAiqud wozoy s SOPAD
690 PEOO 100°0> W% e 0 - % #1061 0 % 9'€0) ¥E 0 {umq o1 g aidnnN
850 2000 ££0°0 @ 101 61 @%e9e (% 612 0L T EINE T (% SIE P (% 36£) 88 (12J5UB SO %6} YHIQ PAFT
L50 vz0o 770 % 181 ¢ (% 9v1) L % £08) L6 %900t (% €09 ¥8I % Tsh) 001 (systrany ysay/o4) AoueuBaud uoturd
7000 1000 1000> (% 6'99) 221 % STy % os) e (% 1°88) 1¥1 (% T2L) OEE (% 0'16) 107 (1ysuB YS31)/%) SOKIquI Atpenb-pood qim 801240
800 80°0 £20 YYFOL 6TFI'9 9pF9'g 0SFR'L £5%9°01 I'SFI01 SO0 PAASINOI JO 'ON
100°0> 100°0> 100°0> £1/48/38 ERY T1/6L/0ET TEO1/6Y S1/ES/68E LIS staropsiuofele/3uog
10 #00°0 950 e1/sL 691 91881 LS £9T61 TTl/66 ISOV/AAL
881 8y 1743 091 LSy 172 o[oAs JsunEen Jo 'ON

(1 samonead (qsandmnead (gsayonpad gp<ITN (D 0b< 1o @ 0p-LE IAN(QD Ob—4c 1850 (0) Le> LI (@) L& 1aso (v)

sdnoi8 Apms x1s ut 59040 JUSWIIEAN JO SO0 PUB SONSHISJORIEY) | SqEL,

m =3 ' O Y O = O 0 © o oo
3099 % 22T ELES2FE 5T
oom G q R % E B E S LS EREF9E . 8 % 88
- = = 2= 3 383 e+ S S g 87 o 28
% E @ E S E @ E & 06 & O = LTFE s s 8 o 53
8583 8583 Ehbhl G ®YESSBWEE g
T T @6 == 2% E5§°82928° PV

® G == B H == ++*b =0 m:mbmwomvmm%m 2
i i H Ex o Hegs 8y °oH&
Py F Y , s 38,8588 ¢ R
. 2 H5EdesEES £ g
N <1 . 80 8 & 50 B o0
a»VaTL 35rtf“0.mwr Mva
A, Ft e G EmEEEZF g 5 2 =
- e & BE | aww 29 SIS

A, Lo o =] r> 249 < . o &
% P fgfsiiaas ER-
e v % 82 S HrEEEESSE RSB

% Al 1 e EEESZEFQ E

# P = =) 2w N o oo
v % ﬂ* & EB =} b F B IR B m e 8
s \\ | & =] "mEe T H o (7o R
. L %, e i ee® Z O RS g BT E © € 9§
7 £ e e 5 S 5L eS8 50 m o B H
] % By W8 EPEE S o 2o o
/ - Y 2 EE P8 g §3

2 %, =8 & 3 .5 5 E &
i | % ! .@mg o HEoow 9.5 p o =
. 1 & n % ¥ BeASILZECS 2ge

S A ) b
\,._t - ¥ PR EELBETTES 283

[ s 2, o =1 =1 AN w

.A \: N ke PR S E amma?.uvu.,mem g wa,
* " %@ . a5 mn&mwmmmﬂ. = FEQ

+—t et t —t—t + t . .~ O, CC...nmaOm %} 8 e

Gt — -

S2ggggs g988888gsgg sEesEsscee o3 FmpEbeys s 2 D22
Pl . P> be.m em rbkm
g g @ @ ¥« S8REBZE8EE~° w8 EpEffE&HSEEQ 2 Z2g%
[ Ko - © BB 59 6B S5H 0 8 &= /] OB =z

@ Springer



1778

7 Assist Reprod Genet (2015) 32:1773-1779

Table2 Multilevel univariate analysis in the two age groups with cumulative live birth as the dependent variable

Age Under 57 Between 37 and 40 QOver 40 i
Oddsratio 95 % CL pvalue Oddsratico 95 %CI pvalue  Oddsratic 95 %CI P value

Year L1 1.06-1.16 <0001 " 1.02 .96-1.07 0.535 1.08 0.97-1.21 0.169
Age 0.93 0.88-0.99 0.022 0.73 0.61-0.89 0.001 0.70 047-1.03 0.067
ICSt 1.01 075-1.37 0928 0.61 041-091 0015 1.66 0.70-394  0.251
Long protocol 1.09 0.76-1.57  0.641 144 . 095217 0087 120 0.542.67 0.655
Antagonist protocol 1.12 0.76-1.65  0.557 0.74 049-1:.13  0.161 L10 0.50-244 0816
No. of retrieved oocytes 106 1.03-1.09  <0.001 1.06 1.02-1.10  0.008 1.08 100-1.18  0.063
No. of frozen embryos 1.21 1.14-1.28 <0.001 ‘129 1.18-1.41 <0.001 1.14 0.93-1.40 0.208
Good-quality embryo 332 221-49%9  <0.001 264 144-484  <0.001 1.70 066440 0271
eSET 3.08 220-431  <0.001 1.38 091-2.16  0.130 136 0.54-341 0515

women of advanced reproductive age, eSET policy had a
modest effect, being associated with decreased multiple birth
‘rate and comparable cumulative outcome compared with
MET.

Table 3 Multivariate logistic regression analysis of possible related
factors for cumulative live birth in the three age groups: (A) women under
37 years of age, (B) women aged between 37 and 40, and (C) women
aged over 40

A
Under 37
Adjusted oddsratio 95 %CL  p value
Year 1.05 0.97-1.13 0222
Age 094 0.88-100 0.065
No. of retrieved cocytes  1.02 0.99-1.06 0.204
No. of frozen embryos  1.12 1.05-1.20 <0.001
Good-quality embryo 2.14 138332 <0.001
eSET 1.93 1.10-336 0.021
B
‘ Between 37 and 40
Adjusted odds ratio 95 % CI  p value
Age 0.78 0.64-0.96 0018
1CST 0.65 042-100 0051
Long protocol 1.18 024586 0.836
Antagonist protocol 0.95 0.19-4.73 0950
No. of retrieved oocytes  1.00 0.95-1.05 0.908
No. of frozen embryos 124 1.12-1.38 <0.001
Good-quality embryo 1.58 0.83-3.02 0.166
eSET 1.37 0.82-2.28 0224
C
Over 40
Adjusted oddsratio 95 % CL  p value
Year 1.10 0.98-1.24 0.110
Age 0.73 049-1.08 0.118
No. of retrieved oocytes  1.09 0.99-1.19 0.075

@ Springer

There have been a few reports describing the efficacy of
eSET in older patients [6, 7], In those retrospective studies,
patients in the study period were divided into eSET group and
DET group on the decision by clinicians or patients. These
methods could cause selection bias, and the patients with poor
prognosis tend to choose or be recommended for DET. In the
present study, many patients with recurrent implantation fail-
ure or who had only low-quality embryos were recommended
for MET rather than SET after eSET has become mandatory in
selected patients in Japan. Therefore, we included the patients
who underwent MET in the period when MET was exclusive-
ly performed and excluded the patients who experienced three
or more previous OR cycles from the analysis to exclude the
selection bias as much as possible.

There have been a lot of randomized studies comparing the
effectiveness of eSET versus DET in young women. In a
systematic review, eSET strategy resulted in a lower live birth
rate in fresh cycles than DET but achieved a comparable out-
come after an additional frozen embryo transfer [5]. In the
present study, eSET group in young women achieved a sig-
nificantly higher live birth rate both in fresh cycles and in -
cumulative results than MET group. One of the reasons for
the difference of live birth rate between the two groups in fresh
cycles is that approximately 72 % of the patients in MET
group had good-quality embryos, while 91 % of the patients
in eSET group did, as shown in Table 1. However, multivar-
iate logistic regression analysis showed that eSET was an in-
dependent factor even after adjusting for other indices of em-
bryo quality such as embryo score and number of frozen em-
bryos., Another possible factor associated with superiority of
eSET over MET for cumulative live birth is increased number
of frozen embryo transfer cycles. Several advancements in
ART including COS protocols and culture conditions resulted
in increased implantation rate and comparable clinical preg-
nancy rate with a decreased number of transferred embryos, as
shown in Fig. 1. Actually, introduction of eSET strategy
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resulted in larger number of frozen embryos with higher qual-
ity and more chances of pregnancy with subsequent embryo
transfer cycles. In a previous paper, COS has been reported to
decrease endometrial receptivity [11] and implantation rate in
fresh embryo cycles has been shown to be lower than that of
frozen embryo cycles [12]. In most of previous randomized
studies, outcomes of eSET with additional one ﬁozen'embzyo
transfer cycles were compared with those of one fresh DET
cycles. In the present study, cumulative outcomes of eSET
were compared with those of MET. It means that, if there
are four embryos suitable for transfer, women in eSET group
have four chances of pregnancy—one fresh and three frozen
transfer cycles—while those in MET group have only two
chances—one fresh and one frozen transfer cycles. Multiple
frozen embryo transfer cycles could maximize CLBR in eSET
group.

While eSET policy has a marked efficacy in younger wom-
en, it reduced live birth rate significantly in fresh cycles in

women aged between 37 and 40. It is interesting that, instead |

of possible selection bias especially in and after 2008, eSET
did not improve cumulative outcomes in them. However,
CLBR in eSET group was slightly higher than that in MET
group of the same age (31.9 vs. 25.3 %, respectively), though
not statistically significant, eSET also significantly reduced
cumulative multiple birth rate compared with MET (3.9 vs.
22.2 %). These results support the efficacy of eSET in women
of this age group and suggest that the embryos from old wom-
en are more sensitive to the detrimental effect of COS on the
endometrium, while the embryos from younger women might
be able to overcome the influences of COS. In multivariate
analysis, not eSET but number of frozen embryos was asso-
ciated with cumulative live birth in women aged 37-40. Re-
cently, a review has been published regarding the efficacy of
the freeze-all policy, that is, elective cryopreservation of all
viable embryos in fresh cycles [13]. “Freeze-all policy” might
be applied for patients of advanced reproductive age in order
to avoid the influehce of COS and increase number of frozen
embryos.

In women aged over 40, introduction of eSET policy re-
sulted in comparable CLBR and decreased multiple birth rate,
though not significant. However, none of the examined factors
including eSET was significantly related to cumulative live
birth. eSET policy in unselected patients of this age group
might be difficult, and further examination for better outcomes
may be necessary. ‘

In summary, eSET policy in younger women resuited in
increased CLBR compared with MET. In women aged 37 and
aver, CLBR in ¢SET group was similar with that in MET
group. In all age groups, eSET reduced multiple birth rates,
The significance of eSET in women of advanced reproductive
age is limited presently, and further research on the strategy to

improve cumulative outcomes in them, including all-freeze
policy, may be necessary.
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