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Objective: The aim of this research was to study the influence of female age on the cumulative live-birth
rate of fresh and subsequent frozen cycles using vitrified blastocysts of the same cohort in hyper-
responders.
Materials and methods: This was a retrospective study of 1137 infertile women undergoing their first
in vitro fertilization treatment between 2006 and 2013. The main outcome measure was cumulative live
births among the fresh and all vitrified blastocyst transfers combined after the same stimulation cycle.
The results were also analyzed according to age (i.e., <35 years, 35e39 years, and �40 years).
Results: The mean number of retrieved oocytes was 19.9 ± 8.5 oocytes. The cumulative pregnancy rate
was 89.2% and the cumulative live-birth rate was 73.3%. The cumulative live-birth rate declined from
73.9% for women younger than 35 years old to 67.3% for women 35e39 years old to 57.9% for women 40
years or older.
Conclusion: Combined fresh and vitrified blastocyst transfer cycles can result in a high cumulative live-
birth rate. The cumulative live-birth rates among older women are lower than the rates among younger
women when autologous oocytes are used.
Copyright © 2015, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All

rights reserved.
Introduction

In the beginning of in vitro fertilization (IVF) treatment, all
available embryos were transferred because of the low success rate;
however, improvements in the clinical and laboratory aspects of IVF
have increased the pregnancy rate and the risk of multiple preg-
nancies. To prevent multiple pregnancies, fewer embryos are
transferred and the supernumerary embryos are cryopreserved for
potential future use [1,2].

After IVF, the cryopreservation of human embryos is more
important than ever for the cumulative pregnancy rate. In the past
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few years, the general success rates for frozenethawed embryo
transfers (FETs) have increased, and a recent systematic review
shows that FET results in significantly higher ongoing pregnancy
rates, compared to fresh embryo transfer (ET) [3]. According to the
United States (U.S.) Centers for Disease Control and Prevention
(CDC; Atlanta, GA, USA) [4], which collects data on the success rates
of assisted reproductive technology (ART) among all American
fertility clinics, the live-birth rate in 2012 was 46.9% for fresh cycles
and 42.0% for FET cycles [4]. A recent review supports that FET re-
duces the risk of ovarian hyperstimulation syndrome and improves
the outcomes for the mother and the baby [5].

Consistent clinical outcomes similar to those from fresh trans-
fers have been reported after vitrification. A systematic review and
meta-analysis showed a significantly higher ongoing pregnancy
rate with vitrification, compared to slow freezing [6]. The literature
by Elsevier Taiwan LLC. All rights reserved.
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on vitrification has primarily focused on cryopreservation of
blastocyst-stage embryos. A Cochrane review demonstrated that
live-birth rates can be optimized by performing fresh blastocyst
transfers, compared to cleavage stage ETs [7].

The success rate and live-birth rate of IVF demonstrate a similar
age-related decline in the chance of a natural pregnancy [8].
Patient-specific parameters such as maternal age can also impact
embryo development and competency [9]. Luke et al [10] report
that the delivery rates are lower among older women than among
younger women when autologous oocytes are used.

Recent publications have reported IVF success rates in cumula-
tive delivery rate per woman, and thus provide a more realistic
estimate that is applicable to individual couples [11,12]. This study
was designed to assess the influence of female age on the cumu-
lative live-birth rates of fresh cycles and subsequent frozen cycles
using vitrified blastocysts of the same cohort.

Materials and methods

Patient selection

We performed a retrospective study of 1137 couples undergoing
their first controlled ovarian stimulation for IVF at the LeeWomen's
Hospital in Taichung, Taiwan between September 2006 and August
2013. Eligibility inclusion criteria were: (1) a woman younger than
42 years old; (2) a woman undergoing her first IVF or intra-
cytoplasmic sperm injection (ICSI) cycle; (3) a long ovulation in-
duction protocol; (4) ejaculated sperm origin; (5) blastocyst
transfer in the fresh cycle; and (6) vitrified blastocyst transfer in the
frozen cycle. The exclusion criteria were (1) oocyte donation cycles;
(2) vitrified oocytes cycles; (3) nonejaculated sperm; (4) two pro-
nucleate or cleavage ET; and (5) lack of a vitrified blastocyst. Ethics
approval was obtained from the Institutional Review Board of
Chung Shan Medical University Hospital (Taichung, Taiwan). The
intention was to study the cumulative live-birth rates that utilized
vitrified blastocysts and their fresh siblings from the same stimu-
lation cycle.

Stimulation cycle

Details of the stimulation cycle have been previously reported
[13]. In brief, the protocol beganwith daily subcutaneous injections
of leuprolide acetate (Lupron; Takeda Pharmaceutics, Konstantz,
Germany) 0.5 mg on Day 21 of the prestimulation cycle. On cycle
Days 3e7, gonadotropin (Gonal-F, 225 IU/day; Serono, Bari, Italy)
was administered subcutaneously. To stimulate follicular develop-
ment, the dose was then adjusted according to the ovarian
response. When two or more follicles reached a maximum diam-
eter of 18 mm, 10,000 IU human chorionic gonadotropin (hCG;
Profasi; Serono) was administered. Transvaginal oocyte retrieval
was performed 32e34 hours after the hCG injection. Fertilization
was performed by conventional insemination or by ICSI, depending
on the semen parameters. The standard of care throughout the
study period was blastocyst transfer. Fresh ET was performed with
the replacement of at most two blastocysts with the best quality.

Embryo cryopreservation and vitrified ETs

Supernumerary blastocysts were cryopreserved with vitrifica-
tion. The details of the vitrification and thawing protocols have
been previously reported [14]. The vitrified blastocysts were
thawed on the morning of the FET, and were discarded if more than
50% of the original blastomeres had degenerated on thawing. Fro-
zenethawed blastocysts were transferred in natural cycles in
ovulatory women or in hormone replacement cycles for
anovulatory women. A maximum of two frozen blastocysts were
transferred in any one FET cycle. Patients failing to achieve a live-
birth after fresh ET went through cryopreserved cycles until all
vitrified embryos were transferred or a live-birth was achieved.

Pregnancy outcome

A pregnancy test was performed 14 days after the transfer.
Pregnancy was defined by a serum hCG concentration above 10 IU/
L. One week later, ultrasound examination was offered to pregnant
women to confirm the intrauterine pregnancy. Live births were
defined by the birth of at least one live infant. The cumulative live-
birth rate was the proportion of transfers that resulted in at least
one live birth, whether from the first transfer attempt or subse-
quent transfers of the frozenethawed supernumerary blastocysts.

Statistical analysis

The primary outcome measure was the cumulative live-birth
rate among the fresh cycles and all FET cycles combined, after the
same stimulation cycle. Differences in the pregnancy rate and live-
birth rate between the age groups were analyzed using the Chi-
square test. Statistical analysis was performed using the Statistical
Program for Social Sciences, version 15.0 (SPSS Inc., Chicago, IL,
USA). A value of p < 0.05 was considered statistically significant.

Results

Figure 1 shows the flow chart of the enrollment process for the
patients. The characteristics of the study population are presented
in Table 1. The final data set for analysis included 1137 womenwith
an initial fresh cycle (i.e., cycle 1). Among these women, 390
women did not become pregnant and underwent a first frozen
cycle (i.e., cycle 2). Twenty-nine women did not become pregnant
in cycle 2 and underwent a second frozen cycle (i.e., cycle 3). The
clinical pregnancy rate per transfer was 65.7% in cycle 1, 64.1% in
cycle 2, and 56.8% in cycle 3. The cumulative pregnancy rate was
87.7% after two cycles (i.e., the fresh cycle and the first frozen cycle)
and 89.2% after three cycles (i.e., the fresh cycle and two subsequent
frozen cycles; Table 2). The live-birth rate was 53.8% in cycle 1,
53.1% in cycle 2, and 48.3% in cycle 3. The cumulative live-birth rate
was 72.0% after two cycles and 73.3% after three cycles (Table 3).

The cumulative pregnancy rates among women after two cycles
decreased with age (<35 years, 88.5%; 35e39 years, 85.6%; and�40
years, 84.2%; Table 4). The cumulative live-birth rates among the
women after two cycles significantly decreased with age (<35
years, 73.9%; 35e39 years, 67.3%; and �40 years, 57.9%; p ¼ 0.038;
Table 5). The IVF/ET-related complications were multiple preg-
nancy and ovarian hyperstimulation syndrome. The estimated rates
of these complications were 36.7% and 2.8%, respectively.

Discussion

Our retrospective study shows that IVF-ICSI and vitrified blas-
tocysts offer high cumulative pregnancy rates (89.2%) and cumu-
lative live-birth rates (72.3%) with the same cohort oocytes.
Optimization of stimulation protocols and laboratory techniques
has contributed to overall greater success rates and a greater
number of high-quality embryos to cryopreserve. The high cumu-
lative live-birth rates in this study can be explained by the effec-
tiveness of the blastocyst vitrification technique.

Embryo cryopreservation has decreased the number of fresh ETs
and maximized the effectiveness of the IVF cycle. However, there is
still a major debate concerning the best stage, protocol, and cryo-
protective additives to use. Cryopreservation of the remaining



IVF = in vitro fertilization.

Total number of IVF cycles (10,618)

Number of first IVF 
cycles (7433)

Number of other IVF cycles 
(3185)

Number of long protocol cycles
(4089)

Number of other protocol cycles 
(3344)

Number of fresh blastocyte transfer cycles
(1137)

Figure 1. A flow chart of the enrollment process of the patients. IVF ¼ in vitro fertilization.

Table 1
Patient demographics and embryology data.

Total population (n ¼ 1137)

Agea (y) 32.7 ± 4.4
BMIa (kg/m2) 22.6 ± 3.1
Duration of infertilitya (y) 3.4 ± 2.6
Infertility factors
Male factor, n (%) 407 (35.8)
Tubal factor, n (%) 229 (20.1)
Endometriosis, n (%) 180 (15.8)
PCOS, n (%) 129 (11.4)

Multiple factors, n (%) 183 (16.1)
Unexplained factor, n (%) 9 (0.8)

No. of retrieved oocytesa 19.9 ± 8.5
No. of fertilized oocytesa 13.3 ± 5.7
No. of blastocystsa 7.8 ± 3.5
No. of transferred blastocystsa 2.4 ± 0.7
No. of vitrified blastocystsa 4.0 ± 2.6

BMI ¼ body mass index; PCOS ¼ polycystic ovarian syndrome.
a The data are presented as mean ± standard deviation.

Table 2
Cumulative pregnancy rates after fresh and frozen embryo transfer.

Fresh cycle
(cycle 1)

1st frozen cycle
(cycle 2)

2nd frozen cycle
(cycle 3)

No. of ET cycles 1137 390 29
No. of pregnancies 747 250 17
Pregnancy ratea (%) 65.7 64.1 56.8
Cumulative pregnancy rate (%) d 87.7 89.2
No. of multiple pregnancies 428 126 17
Multiple pregnancy rate (%) 37.6 32.3 58.6

ET ¼ embryo transfer.
a There was no significant differences between the three groups.

Table 3
Cumulative live-birth rates after fresh and frozen embryo transfer.

Fresh cycle
(cycle 1)

1st frozen cycle
(cycle 2)

2nd frozen cycle
(cycle 3)

No. of ET cycles 1137 390 29
No. of live births 612 207 14
Live-birth ratea (%) 53.8 53.1 48.3
Cumulative delivery rate (%) d 72.0 73.3

ET ¼ embryo transfer.
a There was no significant differences between the three groups.

Table 4
Cumulative pregnancy rates of the different age groups after fresh and frozen em-
bryo transfer.

Age (y) No. of ET
cycles

Fresh cycle
(cycle 1)

1st frozen cycle
(cycle 2)

2nd frozen cycle
(cycle 3)

PR
pa

<35 840 PR (%) 66.3
(557/840)

65.7
(186/283)

66.7
(10/15)

0.983

CPR (%) d 88.5
(743/840)

89.6
(753/840)

35e39 278 PR (%) 64.0
(178/278)

60.0
(60/100)

50.0
(7/14)

0.478

CPR (%) d 85.6
(238/278)

88.1
(245/278)

�40 19 PR (%) 63.2
(12/19)

57.1
(4/7)

d 0.780

CPR (%) d 84.2
(16/19)

d

CPR
p

0.411

CPR ¼ cumulative pregnancy rate; ET ¼ embryo transfer; PR ¼ pregnancy rate.
a The p value is based on the Chi-square test.
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Table 5
Cumulative live birth rates for different age groups after fresh and frozen embryo transfer.

Age (y) No. of ET cycles Fresh cycle
(cycle 1)

1st frozen cycle
(cycle 2)

2nd frozen cycle
(cycle 3)

LBR
pa

<35 840 LBR (%) 54.8
(460/840)

56.9
(161/283)

46.7
(7/15)

0.659

CLBR (%) d 73.9
(621/840)

74.8
(628/840)

35e39 278 LBR (%) 51.8
(144/278)

43.0
(43/100)

50.0
(7/14)

0.320

CLBR (%) d 67.3
(187/278)

69.8
(194/278)

�40 19 LBR (%) 42.1
(8/19)

42.9
(3/7)

d 0.973

CLBR (%) d 57.9
(11/19)

d

CLBR
p

0.038

CLBR ¼ cumulative live-birth rate; ET ¼ embryo transfer; LBR ¼ live-birth rate.
a The p value is based on the Chi-square test.
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supernumerary blastocysts after a fresh ET cycle is an option that
should always be encouraged for potential use in future frozen
cycles. A recent study shows that blastocyst transfer has a signifi-
cantly higher cumulative pregnancy rate than a cleavage stage
transfer in women 35 years or older [15]. Utilization of these
blastocysts maximizes the cumulative pregnancy rate from a single
IVF cycle [10,16].

There is no consensus on the superiority of any cryopreser-
vation protocol. Two literature reviews and meta-analyses
showed a higher post-thaw survival rate for vitrification,
compared to slow freezing [17,18]. When evaluating the efficacy
of vitrification versus slow cooling, it must be emphasized that
embryo survival is an important endpoint, but is insufficient to
determine which method is actually superior in clinical practice
[19]. Therefore, the success of ART treatment should ultimately
be defined by the live-birth rate when appraising the efficacy of
vitrification versus slow freezing [19]. A recent population-based
cohort study showed that vitrified blastocysts resulted in signif-
icantly higher live delivery rates, compared to slow-frozen blas-
tocysts [20]. In our study, all remaining blastocysts were
cryopreserved by vitrification.

The number of FET has increased in the past few years. The latest
results generated from European registers by the European Society
of Human Reproduction and Embryology demonstrate that embryo
cryotransfers account for 21% of IVF activity. The pregnancy rate per
thawing has increased since 2008 (19.3% in 2008, 20.9% in 2009,
and 20.3% in 2010); this improvement may be related to the
incorporation of vitrification in the embryology laboratory [21].
From 1997 to 2011 in the U.S., the number of FETs per initiated cycle
has increased from 20% to 34% (i.e., a 70% increase) for women
younger than 35 years [22]. The success rate after FET interestingly
is nearly equal to that of fresh ET. In this study, the live-birth rate
was 53.8% in the fresh cycles and 53.1% in the first vitrified cycles
with no significant difference between the two cycles (Table 3). The
result is consistent with the report from the U.S. CDC on ART suc-
cess rates for all American fertility clinics in 2012 [4], which showed
a similar live-birth rate between the fresh cycle and the FET cycle
(46.9% vs. 42.0%, respectively).

Recent epidemiologic studies show an increased rate of adverse
perinatal outcomes for children of fresh IVF cycles, compared with
children of frozen ET cycles [23e26]. This increase does not occur in
the donor oocyte population, which suggests that it is the peri-
implantation environment created after superovulation that is
responsible for these changes [27]. Furthermore, some human data
demonstrate greater receptive endometrium in cycles without
ovarian stimulation, compared to cycles with stimulation [28e30].
Because of the aforementioned findings, some reports have hy-
pothesized a so-called “freeze-all strategy” that may increase the
success rates of IVF-ICSI treatment [5,22,27,31e35]. The outcomes
of existing randomized trials appear to favor the strategy of frozen
ET. However, high-quality randomized controlled trials should be
performed to determine which cryopreservation protocol is best
and whether a freeze-all strategy may completely abandon fresh
transfers.

In general, the cumulative live-birth rate after IVF is reportedly
between 45% and 55%. The quality and quantity of embryos are the
two most important predictors of a completed IVF/ICSI cycle (i.e.,
fresh plus cryopreserved embryos transferred from one stimulated
cycle) [36,37]. In addition, maternal age significantly reduces the
cumulative live-birth rate [11]. Awoman's age is a negative factor if
she is 35e37 years old, and live-birth rates for IVF dramatically
decrease beyond the age of 40 years [16,38].

Our cumulative live-birth rate (74.8%) was higher in females
younger than 35 years, which is in agreement with previous pub-
lications [8,39]. In our study, the cumulative live-birth rates among
women after two cycles (i.e., fresh cycle and the first frozen cycle)
decrease with age (<35 years, 73.9%; 35e39 years, 67.3%; and �40
years, 57.9%), which was consistent with a previous report that
demonstrated that live-birth rates are lower among older women
than among younger women when autologous oocytes are used
[10]. The low live-birth rate in women of advanced maternal age
resulted from the high risk of producing aneuploid embryos. Ac-
cording to our previous unpublished preimplantation genetic
screening data, the aneuploidy rate of embryos significantly
increased from42.5% for womenyounger than 35 years old to 72.5%
for women 40 years or older.

Our improved cumulative live-birth rates could simply be a
result of improved technology [40]. It is therefore difficult to
compare our results with earlier studies. However, a major
strength of this study is the use of a cohort of all women pre-
senting for their first fresh IVF cycle, followed by a subsequent
frozen transfer utilizing blastocysts of the same cohort. When the
fresh cycle is unsuccessful, there is a higher likelihood that the
embryos capable of generating a viable pregnancy in the cohort
remain cryopreserved [41].

The limitation of this study is that the population of older
womenwas relatively small. In this study, we only enrolled women
younger than 42 years old who had undergone a blastocyst trans-
fer; there were consequently only 19 older women (40e42 years
old). Selection bias is therefore another limitation of this study.
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In summary, this study showed high cumulative live-birth rates
for women who underwent fresh and vitrified blastocyst transfer
cycles and showed that the cumulative live-birth rates decrease
with age. The success rates after FET is nearly equal to the success
rates of fresh ETs. However, there is no clear choice that maximizes
the success rates for all patients at all centers. Therefore, individ-
ualized approaches remain appropriate.
Conflict of interest

The authors have no conflicts of interest relevant to this article.
Acknowledgments

The authors received a research grant from Changhua Christian
Hospital (grant number, 103-CCH-IRP-034).
References

[1] Gerris J, De Neubourg D, De Sutter P, Van Royen E, Mangelschots K,
Vercruyssen M. Cryopreservation as a tool to reduce multiple birth. Reprod
Biomed Online 2003;7:286e94.

[2] Pandian Z, Marjoribanks J, Ozturk O, Serour G, Bhattacharya S. Number of
embryos for transfer following in vitro fertilisation or intra-cytoplasmic sperm
injection. Cochrane Database Syst Rev 2013;7:CD003416.

[3] Roque M, Lattes K, Serra S, Sola I, Geber S, Carreras R, et al. Fresh embryo
transfer versus frozen embryo transfer in in vitro fertilization cycles: a sys-
tematic review and meta-analysis. Fertil Steril 2013;99:156e62.

[4] Centers for Disease Control and Prevention (CDC). American Society for
Reproductive Medicine, and Society for Assisted Reproductive Technology.
2012 assisted reproductive technology fertility clinic success rates report.
Atlanta: U.S. Dept of Health and Human Services; 2014. Available at: http://
nccd.cdc.gov/DRH_ART/Apps/NationalSummaryReport.aspx [accessed on
08.24.15].

[5] Evans J, Hannan NJ, Edgell TA, Vollenhoven BJ, Lutjen PJ, Osianlis T, et al. Fresh
versus frozen embryo transfer: backing clinical decisions with scientific and
clinical evidence. Hum Reprod Update 2014;20:808e21.

[6] AbdelHafez FF, Desai N, Abou-Setta AM, Falcone T, Goldfarb J. Slow freezing,
vitrification and ultra-rapid freezing of human embryos: a systematic review
and meta-analysis. Reprod Biomed Online 2010;20:209e22.

[7] Glujovsky D, Blake D, Farquhar C, Bardach A. Cleavage stage versus blastocyst
stage embryo transfer in assisted reproductive technology. Cochrane Database
Syst Rev 2012;7:CD002118.

[8] Malizia BA, Hacker MR, Penzias AS. Cumulative live-birth rates after in vitro
fertilization. N Engl J Med 2009;360:236e43.

[9] Broekmans FJ, Knauff EA, te Velde ER, Macklon NS, Fauser BC. Female repro-
ductive ageing: current knowledge and future trends. Trends Endocrinol
Metab 2007;18:58e65.

[10] Luke B, Brown MB, Wantman E, Lederman A, Gibbons W, Schattman GL, et al.
Cumulative birth rates with linked assisted reproductive technology cycles.
N Engl J Med 2012;366:2483e91.

[11] Moragianni VA, Penzias AS. Cumulative live-birth rates after assisted repro-
ductive technology. Curr Opin Obstet Gynecol 2010;22:189e92.

[12] Malizia BA, Dodge LE, Penzias AS, Hacker MR. The cumulative probability of
liveborn multiples after in vitro fertilization: a cohort study of more than
10,000 women. Fertil Steril 2013;99:393e9.

[13] Shih YF, Lee TH, Liu CH, Tsao HM, Huang CC, Lee MS. Effects of reactive oxygen
species levels in prepared culture media on embryo development: a com-
parison of two media. Taiwan J Obstet Gynecol 2014;53:504e8.

[14] Huang CC, Lee TH, Chen SU, Chen HH, Cheng TC, Liu CH, et al. Successful
pregnancy following blastocyst cryopreservation using super-cooling ultra-
rapid vitrification. Hum Reprod 2005;20:122e8.

[15] Fernandez-Shaw S, Cercas R, Brana C, Villas C, Pons I. Ongoing and cumulative
pregnancy rate after cleavage-stage versus blastocyst-stage embryo transfer
using vitrification for cryopreservation: impact of age on the results. J Assist
Reprod Genet 2015;32:177e84.

[16] Garrido N, Bellver J, Remohi J, Simon C, Pellicer A. Cumulative live-birth rates
per total number of embryos needed to reach newborn in consecutive in vitro
fertilization (IVF) cycles: a new approach to measuring the likelihood of IVF
success. Fertil Steril 2011;96:40e6.
[17] Loutradi KE, Kolibianakis EM, Venetis CA, Papanikolaou EG, Pados G, Bontis I,
et al. Cryopreservation of human embryos by vitrification or slow freezing: a
systematic review and meta-analysis. Fertil Steril 2008;90:186e93.

[18] Kolibianakis EM, Venetis CA, Tarlatzis BC. Cryopreservation of human em-
bryos by vitrification or slow freezing: which one is better? Curr Opin Obstet
Gynecol 2009;21:270e4.

[19] Edgar DH, Gook DA. A critical appraisal of cryopreservation (slow cooling
versus vitrification) of human oocytes and embryos. Hum Reprod Update
2012;18:536e54.

[20] Li Z, Wang YA, Ledger W, Edgar DH, Sullivan EA. Clinical outcomes following
cryopreservation of blastocysts by vitrification or slow freezing: a population-
based cohort study. Hum Reprod 2014;29:2794e801.

[21] Kupka MS, Ferraretti AP, de Mouzon J, Erb K, D'Hooghe T, Castilla JA, et al.
Assisted reproductive technology in Europe, 2010: results generated from
European registers by ESHREdagger. Hum Reprod 2014;29:2099e113.

[22] Wong KM, Mastenbroek S, Repping S. Cryopreservation of human embryos
and its contribution to in vitro fertilization success rates. Fertil Steril
2014;102:19e26.

[23] Kalra SK, Ratcliffe SJ, Coutifaris C, Molinaro T, Barnhart KT. Ovarian stimula-
tion and low birth weight in newborns conceived through in vitro fertilization.
Obstet Gynecol 2011;118:863e71.

[24] Kansal Kalra S, Ratcliffe SJ, Milman L, Gracia CR, Coutifaris C, Barnhart KT.
Perinatal morbidity after in vitro fertilization is lower with frozen embryo
transfer. Fertil Steril 2011;95:548e53.

[25] Maheshwari A, Pandey S, Shetty A, Hamilton M, Bhattacharya S. Obstetric and
perinatal outcomes in singleton pregnancies resulting from the transfer of
frozen thawed versus fresh embryos generated through in vitro fertilization
treatment: a systematic review and meta-analysis. Fertil Steril 2012;98:
368e77.

[26] Pinborg A, Wennerholm UB, Romundstad LB, Loft A, Aittomaki K, Soderstrom-
Anttila V, et al. Why do singletons conceived after assisted reproduction
technology have adverse perinatal outcome? Systematic review and meta-
analysis. Hum Reprod Update 2013;19:87e104.

[27] Weinerman R, Mainigi M. Why we should transfer frozen instead of fresh
embryos: the translational rationale. Fertil Steril 2014;102:10e8.

[28] Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, Thomas S. Ev-
idence of impaired endometrial receptivity after ovarian stimulation for
in vitro fertilization: a prospective randomized trial comparing fresh and
frozenethawed embryo transfer in normal responders. Fertil Steril 2011;96:
344e8.

[29] Fatemi HM, Popovic-Todorovic B. Implantation in assisted reproduction: a
look at endometrial receptivity. Reprod Biomed Online 2013;27:530e8.

[30] Zapantis G, Szmyga MJ, Rybak EA, Meier UT. Premature formation of nucleolar
channel systems indicates advanced endometrial maturation following
controlled ovarian hyperstimulation. Hum Reprod 2013;28:3292e300.

[31] Maheshwari A, Bhattacharya S. Elective frozen replacement cycles for all:
ready for prime time? Hum Reprod 2013;28:6e9.

[32] Barnhart KT. Introduction: are we ready to eliminate the transfer of fresh
embryos in in vitro fertilization? Fertil Steril 2014;102:1e2.

[33] Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C. Freeze-all can
be a superior therapy to another fresh cycle in patients with prior fresh
blastocyst implantation failure. Reprod Biomed Online 2014;29:286e90.

[34] Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C. Clinical ratio-
nale for cryopreservation of entire embryo cohorts in lieu of fresh transfer.
Fertil Steril 2014;102:3e9.

[35] Roque M. Freeze-all policy: is it time for that? J Assist Reprod Genet 2015;32:
171e6.

[36] Cai QF, Wan F, Huang R, Zhang HW. Factors predicting the cumulative
outcome of IVF/ICSI treatment: a multivariable analysis of 2450 patients. Hum
Reprod 2011;26:2532e40.

[37] AshrafiM, Jahangiri N, Hassani F, Akhoond MR, Madani T. The factors affecting
the outcome of frozenethawed embryo transfer cycle. Taiwan J Obstet
Gynecol 2011;50:159e64.

[38] Lee TH, Chen CD, Wu MY, Chen HF, Chen SU, Ho HN, et al. Blastocyst
morphology score as an indicator of embryo competence for women aged
younger than 38 years in in vitro fertilization cycles. Taiwan J Obstet Gynecol
2013;52:374e80.

[39] Abuzeid MI, Bolonduro O, La Chance J, Abozaid T, Urich M, Ullah K, et al.
Cumulative live birth rate and assisted reproduction: impact of female age
and transfer day. Facts Views Vis Obgyn 2014;6:145e9.

[40] Pinborg A, Hougaard CO, Nyboe Andersen A, Molbo D, Schmidt L. Prospective
longitudinal cohort study on cumulative 5-year delivery and adoption rates
among 1338 couples initiating infertility treatment. Hum Reprod 2009;24:
991e9.

[41] Doherty LF, Martin JR, Kayisli U, Sakkas D, Patrizio P. Fresh transfer outcome
predicts the success of a subsequent frozen transfer utilizing blastocysts of the
same cohort. Reprod Biomed Online 2014;28:204e8.

http://refhub.elsevier.com/S1028-4559(15)00167-9/sref1
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref1
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref1
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref1
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref2
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref2
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref2
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref3
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref3
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref3
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref3
http://nccd.cdc.gov/DRH_ART/Apps/NationalSummaryReport.aspx
http://nccd.cdc.gov/DRH_ART/Apps/NationalSummaryReport.aspx
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref5
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref5
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref5
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref5
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref6
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref6
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref6
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref6
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref7
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref7
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref7
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref8
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref8
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref8
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref9
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref9
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref9
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref9
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref10
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref10
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref10
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref10
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref11
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref11
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref11
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref12
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref12
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref12
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref12
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref13
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref13
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref13
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref13
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref14
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref14
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref14
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref14
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref15
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref15
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref15
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref15
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref15
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref16
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref16
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref16
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref16
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref16
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref17
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref17
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref17
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref17
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref18
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref18
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref18
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref18
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref19
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref19
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref19
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref19
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref20
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref20
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref20
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref20
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref21
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref21
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref21
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref21
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref22
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref22
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref22
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref22
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref23
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref23
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref23
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref23
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref24
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref24
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref24
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref24
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref25
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref25
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref25
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref25
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref25
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref25
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref26
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref26
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref26
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref26
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref26
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref27
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref27
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref27
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref28
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref28
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref28
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref28
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref28
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref28
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref28
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref29
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref29
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref29
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref30
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref30
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref30
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref30
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref31
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref31
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref31
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref32
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref32
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref32
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref33
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref33
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref33
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref33
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref34
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref34
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref34
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref34
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref35
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref35
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref35
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref36
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref36
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref36
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref36
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref37
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref37
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref37
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref37
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref37
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref38
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref38
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref38
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref38
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref38
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref39
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref39
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref39
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref39
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref40
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref40
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref40
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref40
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref40
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref41
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref41
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref41
http://refhub.elsevier.com/S1028-4559(15)00167-9/sref41

	The influence of female age on the cumulative live-birth rate of fresh cycles and subsequent frozen cycles using vitrified  ...
	Introduction
	Materials and methods
	Patient selection
	Stimulation cycle
	Embryo cryopreservation and vitrified ETs
	Pregnancy outcome
	Statistical analysis

	Results
	Discussion
	Conflict of interest
	Acknowledgments
	References


