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The frozen-thawed embryo transfer (FET) in the process 
of assisted reproductive technologies (ART) has been 
increasingly performed in the last few decades (1). The 
development of controlled ovarian stimulation (COS) 
protocol has flourished accordingly with the increase of 
surplus embryos and embryo freezing technique, and the 
freeze-all policy has been established to overcome potential 
adverse carryover effects of COS (1). 

COS is an important preliminary phase of in vitro 
fertilization/intracytoplasmic sperm injection (IVF/
ICSI) to obtain the highest oocyte retrieval possible, but 
its underlying supraphysiological hormonal status might 
disrupt the synchronization of endometrial receptivity and 
embryo maturity, the essential component in implantation 
success. Also, even when the endometrium is prepared and 
subsequent fresh embryo transfer is performed, the risk of 
ovarian hyperstimulation syndrome should still be recognized 
(2,3) Thus, despite of potentially disputable aspects, 
numerous physicians have adopted the freeze-all policy after 
COS and FET to minimized such unfavorable conditions (4). 

The other general consensus is that patients are avoided 
to proceed to FET in their subsequent menstrual cycle 
after freezing embryo; the theoretical background of 
FET deferral is that the negative effect on endometrial 
receptivity caused by COS could be continued until next 
menstrual cycle (5-7). Thus, according to recent clinical 
trials, FET deferral for at least on menstrual cycle has been 
widely accepted by many international scholars (8-11). 

However, some scholars argue that the residual effect 
of COS on endometrial receptivity on the next cycle is 
mostly based on speculation; in addition, delayed FET and 
inevitable passage of time could possibly lay unnecessary 
emotional stress to patients and even lead to drop-out from 
infertility treatment (12). Therefore, there is a need for 
reconsideration of the timing of FET after COS based on 
evidence-based approach. 

Huang et al., in their latest retrospective cohort study 
of FET timing in non-elective freeze-all cycles, compare 
reproductive outcomes in the two groups: one group with 
FET immediately within the first menstrual cycle after 
COS and the other group with delayed FET to subsequent 
cycles (12). They conclude that the rates of implantation, 
clinical pregnancy, ongoing pregnancy and live birth were 
all reduced in the group with delayed FET. 

In order to evaluate the clinical outcomes of immediate or 
delayed FET, in-depth review considering multiple parameters 
is necessary. Table 1 shows the list of comprehensive studies 
regarding timing of FET after COS. As stated in Table 1, 
freeze-all and fresh-failed cycle need be analyzed separately 
when comparing the timing of FET. In freeze-all cycle, the 
synchrony of stage of embryo and endometrial growth is given 
less priority by clinicians; on the other hand, in fresh cycle, 
COS has been carried out with caution for this synchrony. 
Moreover, fresh-failed cycle suggests that the medications for 
luteal support have been used and that such medications may 
have influence on subsequent cycle. 
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Fresh-failed cycles

In 4 studies with fresh-failed cycle, immediate FET showed 
no difference or better live birth rate than delayed FET 
(12,13,15,16). However, the study of Volodarsky-Perel et al., 
which included only GnRH agonist long protocol, reported 
contrasting results; the hormonal profile and function 
of corpus luteum after oocyte pick-up was quite different 
between GnRH agonist long protocol and GnRH antagonist  
protocol (14). In GnRH agonist long protocol, GnRH 
receptors were downregulated and recovery of GnRH 
receptors took longer periods than GnRH antagonist protocol. 
Also, hCG used in GnRH agonist long protocol had longer 
half-life and could have had impact on corpus luteal function 

and endometrial receptivity of subsequent cycle. Based on 
published literatures, in fresh-failed cycle, immediate FET 
was assumed to have better or at least no harm compared with 
delayed FET except GnRH long protocol. 

However, several limitations still exist. In the study of 
Huang et al., as the authors pointed out, the number of 
patients included in the study were not enough to reach 
statistical significance (12). In the study of Horowitz et al., 
they suggested the possibility of practical bias (13). 

Freeze-all cycles

Regarding freeze-all cycles, most studies have showed the 

Table 1 List of studies on the timing of frozen embryo transfer following controlled ovarian stimulation

Author/year* No. of patients [n] COS protocol
Endometrial 
preparation

Outcomes

Fresh-failed 

Huang/2019 (12) Immediate [280], 
delayed [280]

PPOS, short mNC LBR; immediate (55.7%), delayed (43.9%), P=0.005

Horowitz/2019 (13) Immediate [118], 
delayed [78]

Long, anta mNC LBR; immediate (21.2%), delayed (20.2%), P=NS

Volodarsky-
Perel/2017 (14)

Adjacent [67], 
nonadjacent [62]

Long AC LBR; adjacent (13.4%), nonadjacent (32.3%), P=0.001 
CPR; adjacent (17.9%), nonadjacent (41.9%), P=0.003

Santos-
Ribeiro/2016 (15)

Immediate [197], 
delayed [986]

Anta NC or AC CPR; immediate (32.5%), delayed (31.7%), P=0.838

Mass/2008 (16) Immediate [102], 
delayed [166]

NA NA CPR; immediate (35.2%), delayed (21.0%), P=0.01

Freeze-all

He/2020 (17) Immediate [2,363], 
delayed [2,041]

Long, anta NC or AC Long - LBR; immediate (48.6%), delayed (48.8%), P=0.936 
GnRH anta - LBR; immediate (51.2%), delayed (51.0%), 
P=0.947

Higgins/2018 (18) Immediate [635], 
delayed [4,539]

Long, short, anta NC or AC LBR; immediate (27.6%), delayed (22.1%), P=0.032

Ozgur/2018 (19) Day 32–46 [756], day 
47–61[226]

Anta AC LBR; day 32–46 (57.8%), day 47–61 (59.7%), P=0.606

Bourdon/2018 (20) Immediate [188], 
delayed [286]

Long, short, anta AC LBR; immediate (31.38%), delayed (29.72%), P=0.696

Lattes/2017 (21) Immediate [263], 
delayed [249]

Long, anta AC LBR; immediate (37.6%), delayed (27.3%), P=0.01

Santos-
Ribeiro/2016 (22)

Immediate [208], 
delayed [125]

Anta AC CPR; immediate (52.9%), delayed (41.6%), P=0.046

Fresh-failed & freeze-all

Kaye/2018 (23) Immediate [80], 
delayed [264]

Long, anta NC or AC CPR; immediate (67.5%), delay (76.5%), P=0.11; OPR; 
immediate (57.5%), delay (66.7%), P=0.13

*, all studies were retrospective design. COS, controlled ovarian stimulation; PPOS, progestin-primed ovarian stimulation; mNC, modified 
natural cycle; LBR, live birth rate; short, short protocol; Long, GnRH long protocol; anta, GnRH antagonist protocol; NS, not significant; 
AC, artificial cycle; CPR, clinical pregnancy rate; NC, natural cycle; NA, not assessed; OPR, ongoing pregnancy rate. 
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immediate FET had benefit or no difference on clinical 
outcomes in compared to delayed FET (17-22). Recently, 
He et al. reported the outcomes of FET according to 
timing after COS in combination with the analysis of each 
COS protocol separately, GnRH agonist long protocol and 
GnRH antagonist protocol (17). In this study, there was no 
significant difference in the rates of live birth, implantation, 
clinical pregnancy, multiple pregnancy, early miscarriage, 
premature birth and stillbirth between immediate and 
delayed FET groups in the same COS protocol (17). 

Suggested mechanisms for immediate or delay 
FET

Adverse effects of high endogenous hormonal value in COS 
cycle were suggested as the reasons of applying delayed FET 
(12,13). The abnormal hormonal levels might cause the altered 
hypothalamic-pituitary-ovarian (HPO) axis, dysfunctional 
corpora lutea and the altered endometrial receptivity (12). 
The altered HPO axis was evident by delayed ovulation in the 
subsequent natural cycle following COS (13). Nevertheless, in 
the study of Huang et al., the live birth rate was not different in 
both groups, and the authors stated that the delay of ovulation 
day had no influence on the clinical outcomes. Yet again, as 
mentioned in their study, the cohort had insufficient power to 
detect clinically significance (12). 

Regarding dysfunctional corpora lutea, Huang et al. 
indicated that abrupt luteolysis after GnRH agonist 
triggering had no influence in the outcomes of subsequent 
FET cycle because the type of ovulation triggering was not 
related to pregnancy outcome in FET cycles (12). However, 
luteal support protocol is quite different between GnRH 
agonist triggering and hCG triggering. In GnRH agonist 
triggering cycle, many clinicians use low dose hCG as luteal 
support method. These aspects are not fully ruled out as a 
related factor in subsequent FET cycle.

As an implantation promoting factor in immediate FET, 
higher serum level of relaxin produced by multiple corpus 
luteum was suggested by Huang et al. (12). However, it is 
not obvious that the multiple corpus luteum could produce 
higher serum level of relaxin (24). Also, even if serum level 
of relaxin could be higher in COS cycle, it is unclear that it 
could be continued at subsequent menstrual cycle.  

Conclusion

The latest findings of Huang et al. suggest that there is no 
benefit in delaying FET for subsequent menstrual cycles; 

such approach could help patients to reduce associated 
emotional stress and anxiety throughout ART process (12). 
However, all the studies are retrospective design and the 
possibility of publication, selection and practical biases are 
existed. Currently, the first randomized controlled trial 
(RCT) comparing successful pregnancy rate of immediate 
versus delayed FET after COS is ongoing; the study includes 
724 patients, 362 with immediate FET and 362 with 
delayed FET, estimated to be completed in June, 2020 (25).  
Successful publication of such study would provide 
interesting and valuable information on controversies 
regarding the optimal timing of FET after COS. 
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