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Abstract
Purpose This systematic review and meta-analysis aimed to compare pregnancy outcomes between immediate frozen embryo
transfer (FET) performed within the first menstrual cycle after oocyte retrieval and delayed FET following subsequent cycles.
Methods PubMed, EMBASE, and Web of Science were searched for eligible studies through January 2020. The main outcome
measureswere clinical pregnancy rate (CPR), live birth rate (LBR), and pregnancy loss rate (PLR). The effect sizewas estimated as risk
ratio (RR) with 95% confidence interval (CI) using a random effects model. Inter-study heterogeneity was assessed by the I2 statistic.
Results Twelve retrospective cohort studies involving 18,230 cycles were included. The pooled results revealed no significant
differences between delayed and immediate FET in CPR (RR 0.94, 95% CI 0.87–1.03; I2 = 67.9%), LBR (RR 0.94, 95% CI
0.85–1.03; I2 = 67.5%), and PLR (RR 1.05, 95% CI 0.87–1.26; I2 = 42.7%). Subgroup analyses of freeze-all cycles showed a
marginal decrease of CPR in delayed FET (RR 0.93, 95% CI 0.86–1.00; I2 = 53.6%), but no significant changes were observed
regarding LBR (RR 0.93, 95% CI 0.85–1.02; I2 = 65.2%) and PLR (RR 1.09, 95% CI 0.84–1.41; I2 = 59.1%). No statistical
differences were found in effect estimates among other subgroup analyses by ovarian stimulation protocol, trigger agent,
endometrial preparation regimen, and embryo stage.
Conclusion Timing of the first FET after oocyte retrieval was not significantly associated with pregnancy outcomes. This finding
refutes the current common practice to delay FET after oocyte retrieval and reassures patients who wish to proceed with FET at
their earliest convenience. Due to the high heterogeneity and observational nature of included studies, further randomized
controlled trials are needed to confirm the results.
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Introduction

Controlled ovarian stimulation (COS) induces multifollicular
development in one cycle and is an essential determinant of

in vitro fertilization (IVF) success. In the case of a failed fresh
embryo transfer (ET) attempt, cryopreservation of surplus em-
bryos following COS has been widely used as a safe and effi-
cient approach to increase cumulative pregnancy rates per oo-
cyte retrieval [1, 2]. In addition, the practice of a freeze-all
strategy is also on a constant increase in recent years [3, 4],
which correlates with the improved embryo cryopreservation
method by vitrification, incorporation of preimplantation genet-
ic testing for aneuploidy, as well as promising results of pre-
served or even higher live birth rate and reduced risk of ovarian
hyperstimulation syndrome compared to fresh ET [5–10].

One of the debatable issues that arise in daily clinical prac-
tice is the optimal time interval between COS and subsequent
FET. Some physicians opt to delay the start of FET for at least
one menstrual cycle in order to minimize any conceivable re-
sidual effect of COS on endometrial receptivity and ovarian
function [11, 12]. Contrarily, others choose to perform FET
immediately in the first menstrual cycle following oocyte
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retrieval to avoid unnecessary prolongation of time to pregnan-
cy and reduce stress and anxiety of subfertile women who are
eager to conceive as soon as possible. Thus far, a number of
observational studies have assessed pregnancy outcomes in de-
layed versus immediate FET after a failed fresh ET or a freeze-
all cycle, but the results are varied and inconclusive [13–24].

The aim of the present study is to comprehensively eval-
uate the effect of FET timing following oocyte retrieval on
pregnancy outcomes through a systematic review and me-
ta-analysis.

Materials and methods

This meta-analysis was performed in adherence to the Meta-
Analysis of Observational Studies in Epidemiology
(MOOSE) guideline [25] and reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [26].

Search strategy

A systematic database search of PubMed (https://www.ncbi.
nlm.nih.gov/pubmed), EMBASE (https://www.embase.com),
and Web of Science (https://www.webofknowledge.com) was
conducted to identify all relevant literatures published through
January 2020. The following terms were applied in our search:
“time” or “timing” or “time interval” or “delayed” or
“immediate” and “frozen embryo transfer” or “frozen-thawed
embryo transfer” or “cryopreserved embryo transfer” or “cryo-
thawed embryo transfer” and “oocyte retrieval” or “ovarian
stimulation” or “ovum pick-up” or “in vitro fertilization” or
“IVF” or “OPU.” Study language was limited to English,
with no restriction imposed on the year of publication.
Moreover, the reference lists of retrieved relevant reports were
manually scrutinized for any additional studies.

Study selection

Studies were considered eligible if they satisfied the fol-
lowing four criteria: (i) cohort study design, (ii) the sub-
jects were women undergoing first FET after a failed fresh
ET or a freeze-all cycle, (iii) the exposure of interest was
the time interval between COS and subsequent FET, and
(iv) the outcomes included clinical pregnancy rate (CPR),
live birth rate (LBR), or pregnancy loss rate (PLR). Studies
were excluded if they (i) compared pregnancy outcomes
between delayed and immediate cycles in consecutive
fresh IVF/ICSI treatments and (ii) were published as re-
views, editorials, commentaries, case reports, conference
abstracts, or trial protocols. In the case of duplicate studies
with overlapping populations, we retained the most recent
version containing a larger sample size.

Studies were selected in a two-step process to ensure the
correct identification. Firstly, titles and abstracts of all initially
retrieved records were screened by two independent reviewers
(J.H. and J.L.). Secondly, a decision on inclusion was made
after evaluation of the full manuscripts that were likely to meet
the eligible criteria. Any disagreements were resolved by
group discussion with a third investigator (Y.K.).

Data extraction and quality assessment

The same two reviewers (J.H. and J.L.) independently per-
formed data extraction with a standardized and pilot-tested
form. The following information were recorded for each in-
cluded study: the first author’s name, year of publication,
country of origin, cohort design, study duration, population
characteristics, definition of immediate/delayed transfer, cycle
number, age, ovarian stimulation protocol, trigger agent, en-
dometrial preparation regimen, embryo developmental stage,
and outcome parameters. Data from different subgroups in the
same study were also extracted for possible synthesis. The
corresponding author was contacted by e-mail when informa-
tion was missing or unclear in the original article.

The methodological quality of eligible studies was evalu-
ated using the Newcastle-Ottawa Scale (NOS) [27]. This scale
assigns a maximum of nine points to each study based on the
following three broad aspects: the selection of subjects and
assessment of exposure (4 points), comparability of study
groups (2 points), and outcome ascertainment and follow-up
adequacy (3 points). Studies scoring 7–9 points were regarded
to have a high quality and a low risk of bias. Each study
received a score from one of the two reviewers (J.H. and
J.L.), and discrepancies were resolved by consensus with a
third investigator (Y.K.).

Statistical analysis

Data for pregnancy outcomes were collected as dichotomous
variables, and the results were expressed as risk ratio (RR)
with 95% confidence interval (CI). Because the true effect size
should not be assumed to be the same across individual stud-
ies, meta-analysis was performed using a random effects mod-
el to incorporate both within- and between-study variability
[28]. The degree of heterogeneity was quantified by the I2

statistic, and we considered values of < 25%, 25–50% and >
50% to represent low, moderate, and high heterogeneity, re-
spectively [29]. Publication bias was examined by means of
funnel plots and Egger’s linear regression test, with P < 0.10
indicating a statistical significance [30].

Considering the clinical diversity of included studies, we
further conducted five subgroup analyses to separately assess
the effect of FET timing on pregnancy outcomes as follows:
(i) study population (failed fresh ET, freeze-all andmixed), (ii)
ovarian stimulation protocol (agonist-based, antagonist-based,
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andmixed), (iii) trigger agent (agonist only, hCG included and
mixed), (iv) endometrial preparation regimen (artificial, natu-
ral, and mixed), and (v) embryo developmental stage (blasto-
cyst, cleavage, and mixed or unclear). The statistical differ-
ence of the effects among subgroups was examined by inter-
action test. A sensitivity analysis by removing one study at a
time was also performed to evaluate the stability of results and
explore potential sources of heterogeneity.

We used the Stata software (version 16.0; StataCorp LP,
College Station, Texas) for all analyses. Statistical signifi-
cance was set at P < 0.05 except where otherwise specified.

Results

Literature search and study characteristics

The initial literature search yielded 3599 records from elec-
tronic databases and another two articles through manual
search. After removal of duplicates and screening of the titles

and/or abstracts, 22 articles were further assessed for eligibil-
ity based on full-text review and 12 studies were finally in-
cluded in the meta-analysis [13–24]. The process of study
selection is detailed in Fig. 1.

Table 1 presents the main characteristics of the 12 included
studies. These studies were published between 2016 and 2020
and were conducted in 10 different countries. All cohorts were
retrospective, with the number of FET cycles varying from
129 to 4994. Seven studies focused on women undergoing
first FET after a freeze-all cycle [13, 14, 17, 19, 20, 22, 23],
three on women following a failed fresh ET [16, 21, 24], and
two on women in both cases [15, 18]. In most studies [13, 14,
17–19, 22, 23], immediate transfer was defined as FET per-
formed within the first menstrual cycle following oocyte re-
trieval (“cycle 1”), while delayed transfer referred to FET that
took place after one or more menstrual cycles (“cycle ≥ 2”).
The other five studies used the different time interval from
oocyte retrieval to the start of FET (< 22/≥ 22 days) [16, 21],
from oocyte retrieval to FET (< 50/≥ 50 days) [24], or from
embryo cryopreservation to FET (25–35/50–70 days) [15] for

Fig. 1 The flow diagram of study selection. IVF, in vitro fertilization
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classification of immediate and delayed transfer. Overall, the
included studies were at low risk of bias with a NOS score of 8
(four studies) or 9 (eight studies) (Table S1).

Meta-analysis of CPR

Eleven studies of 11,709 cycles reported data on the associa-
tion between FET timing and CPR. In the majority of studies
[13–19, 21, 22, 24], clinical pregnancy was clearly defined as
the ultrasound visualization of gestational sac with or without
cardiac activity at around 7 weeks of gestation, while the study
by Song et al. [23] did not provide a detailed description. The
pooled results revealed no significant difference in CPR be-
tween delayed and immediate FET after oocyte retrieval (RR
0.94, 95% CI 0.87–1.03; I2 = 67.9%) (Fig. 2a). In subgroup
analysis, the combination of the six studies that focused on
freeze-all cycles showed a marginally significant decrease of
CPR in delayed FET (RR 0.93, 95% CI 0.86–1.00), whereas
no such effects were observed in failed fresh ET (RR 1.24,
95% CI 0.77–1.99) and mixed cycles (RR 0.95, 95% CI 0.68–
1.33) (Table S2). No significant changes were found in the
effect estimates among other subgroup analyses by ovarian
stimulation protocol, trigger agent, endometrial preparation
regimen, and embryo stage (Table S2).

Meta-analysis of LBR

Eleven studies totaling 17,897 cycles investigated the effect of
FET timing on LBR. Live birth was differently described as
the delivery of a viable infant beyond 20 [15, 20, 23], 24 [13,
16, 17, 21, 24], or 28 [14] weeks of gestation, and was not
defined in detail in two studies [18, 19]. The combination of
all these studies showed that FET timing was not significantly
associated with LBR (RR 0.94, 95% CI 0.85–1.03; I2 =
67.5%) (Fig. 2b). This pooled result did not change when
subgroup analyses were performed on failed fresh ET (RR
1.21, 95% CI 0.75–1.95), freeze-all (RR 0.93, 95% CI 0.85–
1.02), and mixed cycles (RR 0.92, 95% CI 0.64–1.32)
(Table S2). Similarly, analyses by ovarian stimulation proto-
col, trigger agent, endometrial preparation regimen, and em-
bryo stage showed no relevantly differential effect (Table S2).

Meta-analysis of PLR

Nine studies included data on PLR according to the timing of
FET after oocyte retrieval, comprising a total of 15,728 trans-
fer cycles. Pregnancy loss was defined as miscarriage occur-
ring before 10 [13], 12 [17], or 20 [18, 19, 24] weeks of
gestational age, and was not described in the other four studies
[14, 15, 22, 23]. Most studies calculated PLR as the cycle
number of pregnancy loss per clinical pregnancy, while
Lattes et al. [19] evaluated it on the basis of positive pregnan-
cy test. The pooled RR of PLR for delayed versus immediateT
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FET was 1.05 (95% CI 0.87–1.26; I2 = 42.7%) (Fig. 2c). The
subgroup analysis of freeze-all cycles presented consistent
results (RR 1.09, 95% CI 0.84–1.41) with the combined ef-
fects of failed fresh ET (RR 0.92, 95% CI 0.28–3.08) and
mixed cycles (RR 1.02, 95% CI 0.72–1.44) (Table S2).
Further subgroup analyses by other confounders also showed
no significant changes (Table S2).

Sensitivity analysis

On excluding the study by Volodarsky-Perel et al. [24], de-
layed FET was found to be marginally associated with a de-
crease in CPR compared with immediate FET (RR 0.93, 95%
CI 0.87–1.00) (Fig. S1a), while no significant differences
were found in LBR (RR 0.92, 95% CI 0.85–1.00) and PLR

Fig. 2 Forest plots of pregnancy
outcomes for delayed versus
immediate frozen embryo transfer
after oocyte retrieval. a Clinical
pregnancy rate. bLive birth rate. c
Pregnancy loss rate. CI,
confidence interval; FET, frozen
embryo transfer
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(RR 1.06, 95% CI 0.87–1.28) (Fig. S1 b–c). Removal of any
other individual studies did not modify the estimates substan-
tially, with pooled RR of CPR, LBR, and PLR ranging from
0.92 to 0.96, 0.92 to 0.96, and 0.98 to 1.11, respectively
(Fig. S1 a–c).

Publication bias

The funnel plot was visually symmetric for each outcome
(Fig. S2). In addition, regression-based Egger test did not
reach statistical significance (P = 0.110, 0.137 and 0.494 for
CPR, LBR, and PLR, respectively), indicating no obvious
publication bias of included studies.

Discussion

To our knowledge, this is the first meta-analysis to assess the
association between timing of FET after oocyte retrieval and
pregnancy outcomes. Based on a total of 18,230 cycles from
12 retrospective cohort studies, we found no significant dif-
ference in CPR, LBR, and PLR between immediate FETwith-
in the first menstrual cycle and delayed FET following subse-
quent cycles.

In sensitivity analysis, removal of the study by
Volodarsky-Perel et al. [24] resulted in a marginal yet signif-
icant change of the pooled estimate of CPR. This study sup-
ported postponement of first FET after a failed fresh ET using
the long agonist protocol, which, from their speculation, may
cause deeper suppression on the hypothalamic-pituitary-
ovarian axis than the antagonist regimen and could lead to
more small sustained lutein cysts with secretory activity in
the follicular phase of the immediate FET cycle. However,
when introducing the COS protocol for adjustment, several
other studies failed to show a significant impact of the
GnRH analogue used for stimulation [14, 16, 19]. A further
subgroup analysis of agonist- and antagonist-based regimens
also presented comparable pregnancy outcomes between de-
layed and immediate FET. These results suggest that the det-
rimental influence of COS on endometrial receptivity may end
clinically following the first withdrawal bleeding regardless of
the stimulation protocol.

Intriguingly, the deferral of FET after oocyte retrieval ap-
pears to be marginally associated with a lower CPR in freeze-
all cycles, while this relationship is absent in failed fresh ET.
One possible explanation for the discrepancy may be the dif-
ferent psychological status in these two situations. Women
undergoing IVF treatment are generally desired to get preg-
nant as soon as possible, yet delayed FET in a freeze-all cycle
may add to their anxiety and stress that could pose an adverse
influence on pregnancy chance [31–33]. Contrarily, women
who had already a failed fresh ET attempt may shoulder a
greater psychological burden and thus need a longer time to

recover from emotional distress. Nonetheless, it is also rea-
sonable to argue that women undergoing non-elective freeze-
all cycles may have decreased stress with their timeline expec-
tations managed through physician communication in ad-
vance. Therefore, further research is warranted to examine this
explanation since none of the included studies compared the
anxiety, depression, and self-motivation level of these women.
On the other hand, there could be some differences in the
patient and stimulation characteristics of a freeze-all versus a
fresh ET cycle, which may possibly influence pregnancy out-
comes in later FET cycles. Embryo quality may also differ in
FET after freeze-all and failed ET cycles, as embryos of higher
quality are often preferentially transferred in a prior fresh cy-
cle. However, as the decrease in CPR barely reached statistical
significance and the number of studies in each subgroup was
limited with a high heterogeneity, this result may also be co-
incidental and should be interpreted with caution.

Several included studies have also raised concerns that the
effect of FET timing after COS may differ by the ovulation
trigger agent and endometrial preparation regimen [13, 16, 18,
19, 22]. Indeed, compared to trigger with hCG that has a
prolonged half-life, the luteal phase following agonist trigger
is often shortened and disrupted [34] and may thus affect
immediate FET in the first menstrual cycle. Patients undergo-
ing natural cycle for FET may also be different from those
receiving artificial endometrial preparation [16], in which ex-
ogenous steroids are prescribed to overtake or correct ovarian
and endometrial function that might be still recovering to pre-
stimulation status in an adjacent FET cycle. Nevertheless,
both multivariable regression analyses among individual stud-
ies and subgroup analyses in this review showed no signifi-
cant differential effects of these factors, implying further the
lack of scientific evidence for deferring FET.

Findings from the present study should provide guidance to
both clinical practice and research design. According to a
recent web-based survey from 179 IVF centers in 58 coun-
tries, over 60% of physicians prefer to delay FET after oocyte
retrieval with a failed fresh ET [35]. In randomized controlled
trials (RCTs) designed to compare pregnancy outcomes be-
tween fresh and frozen embryo transfer, patients in the cryo-
preservation arm also had to wait for 2 months [36] or one
menstrual cycle [8–10] to perform their first FET. Herein, our
results refute the current common practice to delay FET in fear
of the carryover effect of COS on an adjacent cycle, and reas-
sure physicians and patients who wish to proceed with FET at
their earliest convenience.

Several limitations have to be acknowledged of this meta-
analysis. Firstly, all included studies were retrospective cohorts,
and therefore, the quality of evidence was initially graded as
low for the inherent methodological drawbacks. To date, only a
two-center RCT was found to be carried out in China [37].
According to the preliminary results presented at the 35th an-
nual meeting of the European Society of Human Reproduction
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and Embryology [37], the immediate FET group had a signif-
icantly higher ongoing pregnancy rate than the delayed group in
both intention to treat analysis (47.0% (170/362) versus 39.2%
(142/362)) and per protocol analysis (49.3% (170/345) versus
41.5% (142/342)). However, concern has been raised regarding
the adequacy of the randomization process in this study given
that important baseline characteristics such as female age varied
significantly between the two groups, an event which could
limit the validity of the findings of this RCT. Secondly, we
observed a high degree of inter-study heterogeneity, which
was presumed to be at partially caused by differences in the
study population and cycle characteristics. Few studies reported
pregnancy outcomes according to the standards by the
International Committee for Monitoring Assisted
Reproductive Technology (ICMART) [38], and the varied def-
initions of FET timing in some studies may possibly lead to
misclassification of delayed and immediate transfer. In this re-
gard, caution should be taken when generalizing the review
finding to individual clinics with various combinations of ovar-
ian stimulation, ovulation trigger, endometrial preparation, and
embryo transfer strategies. Finally, bias may have been intro-
duced because studies published as conference abstracts and in
languages other than English were excluded from the meta-
analysis.

In conclusion, our systematic review and meta-analysis
demonstrated comparable pregnancy outcomes for imme-
diate FET performed within the first menstrual cycle after
oocyte retrieval versus delayed FET following subsequent
cycles. This finding would not only provide reassuring
evidence for patients who seek to proceed with their FET
after COS without postponement but may also be useful for
physicians in future clinical trial design. Due to the limited
number, high heterogeneity and observational nature of
included studies, further large RCTs are needed to confirm
the results.
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