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Abstract

Purpose The present systematic review and network meta-analysis aims to uniquely bring to literature data supporting the true
place of the alternative practice of day-4 embryo transfer (D4 ET) in an IVF laboratory, beyond the one-dimensional option of
facilitating a highly demanding program.

Methods A systematic search was conducted in the databases of PubMed/Medline, Embase, and Cochrane Central Library,
resulting to six prospective along with nine retrospective cohort studies meeting eligibility criteria for inclusion. A comparison of
D4 ET with day-2 (D2), day-3 (D3), and day-5 (D5) ET, respectively, was performed employing R statistics.

Results The sourced results indicate no statistically significant difference regarding clinical pregnancy rates, and ongoing
pregnancy/live birth rates stemming from the comparison of D4 with D2, D4 with D3, and D4 with D5 ET, respectively.
Additionally, no statistically significant difference could be established in respect to cancelation, and miscarriage rates, following
the comparison of D4 with D3 and D4 with D5 ET. Interestingly, we report statistically significant lower preterm birth rates
associated with D4 ET, in contrast with D5 ET (RR, 0.19; 95% CI, 0.05-0.67; p value= 0.01).

Conclusions The aforementioned results may serve as advocates buttressing the option of D4 ET as a valid candidate in the ET
decision-making process. Possible limitations of the current study are the publication bias stemming from the retrospective nature
of certain included studies, along with various deviations among studies’ design, referring to number and quality of transferred
embryos, or different culture conditions referring to studies of previous decades.
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Introduction

Embryo transfer (ET) represents the final step during an in vitro
fertilization (IVF) procedure, towards achieving a pregnancy
for an infertile couple. The appropriate day to perform an ET
in order to ascertain an optimal outcome has been the topic of
intense debate throughout the last decades. This has been driven
by the numerous advances regarding the assisted reproduction
technology (ART) field, namely cryopreservation employing
embryo vitrification [1], culture media optimization [2], ad-
vances on preimplantation genetic diagnosis (PGD), and testing
(PGT) [3], as well as the emergence of techniques focusing on
the improvement of the endometrial receptivity [4]. All the
novelties evolving may either allow for extension of embryo
culture [5] or require extended culture in order for diagnosis to
be performed [6]. Hitherto, no consensus seems to be reached
on the definitive optimal ET timing [7], due to the uniqueness
of each couple’s management, rendering the issue of the opti-
mal day for ET a vicious circle [7].

Traditionally, the ET process was carried out 1 or 2 days
following fertilization, establishing cleavage stage ET as the
norm [8]. The main reason behind this was the inadequate
laboratory culture conditions, in line with the poorer culture
media components, that failed to provide a proper environ-
ment for the extended development of the embryos. Thus,
the number and quality of developing embryos was limited
and perhaps compromised by the culture conditions, leading
clinicians to proceed to ET [9]. Further to that, clinicians com-
monly opted for day-2 (D2) or day-3 (D3) ET, in an attempt to
bypass the peril related to cleavage-arrested embryos. Studies
reported that the majority of in vitro cultured embryos, pre-
senting with four to eight cells, that do not continue to blastu-
lation, may be attributed to several molecular and chromo-
somal abnormalities [10, 11].

Day-5 (D5) ET stands as the current trend among numerous
IVF laboratories worldwide [2]. The advent of sequential cul-
ture media undoubtedly represents a determinant factor that
challenged the previous practice. The wide pallet of compo-
nents successfully sustains extended embryo culture, driving
specialists to adopt blastocyst transfer with safety [2, 8]. The
first major wave of the embryonic genome activation is noted
on D3 between the four- and eight-cell stage, although the
initial expression of the first paternal mRNAs occurs on D2
during the three- to four-cell stage [12]. The embryonic gene
activation plays a pivotal role to the subsequent development
of the embryo’s morphology [13]. This is of paramount im-
portance as only competent embryos could be adequately dis-
tinguished from those appearing with delayed or irregular di-
vision, which may lead to an accurate prediction of embryo
quality and concurrently of the implantation potential [ 14, 15].
The latter goes hand in hand with the embryo’s intrinsic se-
lection permitting IVF specialists to transfer less—and at the
same time—superior embryos [15].Concurrently, blastocyst
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transfer is synchronized with the endometrial receptivity that
is supposed to be improved in order to favor the implantation
process [16].

Remarkably, clinicians shifted their interest to day-4 (D4)
ET, with Huisman and colleagues to be the forerunners of this
approach [17]. Performing an ET at the morula stage may
serve to facilitate and allow for flexible management of the
cycle for both the patients and clinicians. A thorough literature
search, yielded limited articles reporting on the alternative
clinical practice of performing a D4 ET, while the majority
of them were retrospective studies rather than prospective.
According to a retrospective study on fresh IVF cycles, an
impressive percentage of live birth rates was observed follow-
ing a D4 ET [15].

The aim of this systematic review and network meta-
analysis is to evaluate the available data regarding D4 ET
in relation to results of D2, D3, D5, and D6 ET respec-
tively, under the umbrella of the clinical pregnancy out-
come. Our attempt mainly focuses on shedding light to
the question whether there is a true place for D4 ET safe
implementation in an IVF laboratory or it impartially por-
trays a comforting practice serving a highly demanding
IVF program.

Methods
Search strategy

A systematic search of the literature was conducted in the
databases of PubMed/Medline, Embase, and Cochrane
Central Library and it was limited to full-length articles pub-
lished in peer-reviewed journals up to 15th January 2019
(Supplementary Appendix 1). The search strategy included
the following keywords along with respective combinations:
“in vitro fertilization,” “IVF,” “intracytoplasmic sperm
injection,” “ICSI,” “assisted reproduction,” “assisted repro-
duction techniques,” “medical-assisted reproduction”,
“cleavage stage embryo,”, “morula,” “blastocyst,” “day 2,”
“day 3,” “day 4,” “day 5,” “day 6,” and “embryo transfer.”
The search was further refined by employing the filter
“humans.”. The initial search yielded 2362 studies from the
three databases (PubMed/Medline: n = 1235, Embase: n=
527, Cochrane Central Library: n = 600). From the total yield,
141 studies were duplicates and thus removed, while 88 stud-
ies from Cochrane database were directly excluded, as they
were referred as reviews (n = 69), protocols (z=11), and ed-
itorial answers (n = 8). Following initial screening of titles and
abstracts of all records, n =2044 studies were removed in an
attempt to obtain only the relevant articles. Thereafter, full
texts were screened seeking for ultimately relevant articles,
as well as the reference lists of selected relevant publications
were assessed for final inclusion. This thorough screening
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Fig. 1 PRISMA flowchart
regarding the search results

Eligibility Screening ] [ Identification ]

Included

resulted in a total of 15 studies [5, 6, 8, 13, 17-27] that are
employed for the present meta-analysis. In Fig. 1, the flow
chart of Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) is depicted. Screening and stud-
ies’ selection were performed by three independent authors
(PT, AR, and MS). Any disagreements between the authors
were resolved by an arbitration mediated by the senior author.
No protocol was submitted to the PROSPERO International
Prospective Register of Systematic Reviews, providing details
on conducting of this study.

Study selection

In the present meta-analysis, the authors concurred on includ-
ing prospective, along with retrospective cohort studies,
which were conducted in humans and published in English.
The population included women undergoing IVF/ICSI cycles
employing a D4 ET procedure compared with ET performed
on D2, D3, and D5, following fertilization. Only studies that
included D4 as a reference group were included. This system-
atic review and network meta-analysis uniquely brings to lit-
erature data sourced by the comparison of D4 ET with D2, D4
with D3, and D4 with D5 ET, respectively. This design served
the purpose of an attempt to focus our findings on the direct
effect of this intervention, limiting the indirect effect originat-
ing from the comparison of cleavage and blastocyst stage ET.
This was a requirement ensuring a foolproof design, as the

Records identified through database
searching
(n=2362)

Records after duplicates removed
(n=2221)

A 4

Records excluded
(n=2044)

Records screened
(n=2133)

l

Full-text articles assessed
for eligibility >
(n=189)

l

Studies included in
qualitative synthesis
(n=15)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=15)

A 4

Full-text articles excluded,
seeking for relevant
articles
n=72)

majority of studies report on cleavage versus blastocyst stage
ET rather than D4 ET.

Excluded studies

Two studies were excluded—albeit presenting relevant to our
study’s scope—as they were published in Spanish [28] and
Czech [29], respectively. Other exclusion criteria were on the
grounds of the intervention of PGD [30] or due to the fact that
studies failed to present the results of D4 and D5 ET as a
separate group [31, 32]. Moreover, studies that presented the
developmental stage of morula, as early blastocyst, were ex-
cluded on the grounds of failing to categorize developmental
stage conclusively [33, 34]. Additionally, two studies were
excluded as the outcome measure of pregnancy rate referred
to biochemical pregnancy, rather than clinical pregnancy, the
latter being our primary outcome [35, 36].

Data extraction

Studies’ data were extracted independently by two authors
(EM and SG) based on the selection criteria.

Outcomes

The reported primary outcome measure of interest was clinical
pregnancy rates (CPR) per ET cycles. The reported secondary
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outcome measures were ongoing pregnancy/live birth rates
(OPR), clinical pregnancy rates per patient (PR), cancelation rates
(CR), miscarriage rates (MR), and preterm birth rates (PBR).

Statistical analysis

D4 ET was assessed in comparison with different days of ET
procedure during IVF/ICSI cycles. Risk ratio with 95% con-
fidence intervals was employed for the analyses of the includ-
ed studies. Risk ratio greater than 1 represented a safety ben-
efit favoring the control group, namely ET procedure per-
formed on days other than D4. Either the fixed effect or the
random effects model was employed for combining the results
according to heterogeneity. Heterogeneity of the exposure ef-
fect was evaluated through /* statistic. An /> value 80% or
greater indicated high heterogeneity and thus the meta-
analysis was not performed, while an I value 60% or greater
represented significant heterogeneity, leading to the employ-
ment of random effects model. A chi-squared test for hetero-
geneity was also conducted and the p values were provided.
Funnel plots for potential publication bias were performed.
The network was performed employing frequentist methods
via the “netmeta” package of the R programming language for
statistical purposes.

Results
Study characteristics

Fifteen studies were identified to be eligible for network meta-
analysis [5, 6, 8, 13, 17-27]. Six prospective and nine retro-
spective studies were included, published up to January 2019.
Specifically, the study conducted by Prapas et al. was
discerned into two arms for this statistical analysis, with the
first referring to ET procedure employing ultrasound guid-
ance, while the second one referring to ET procedure
employing clinical feel [25]. The evaluated characteristics of
each included study in this meta-analysis are presented in
Table 1. Characteristics include: study design, total number
of ET cycles, study group referring to D4 ET, groups of com-
parison referring to D2, D3, and D5 ET, and outcome mea-
sures. It is notable that, following screening of the studies, no
study that compared D4 with D6 ET was identified.

Assessment of risk of bias

Three authors (PG, AP, and MS) independently performed the
assessment of risk of bias for the included prospective and ret-
rospective studies, employing the tool “Risk of Bias In Non-
randomized Studies-of Intervention” (ROBINS-I), which was
developed by Sterne and his colleagues for non-randomized
studies [37]. The evaluated parameters were bias due to
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confounding, selection of participants, classification of interven-
tion, deviations from intended intervention, missing data, mea-
surement of outcomes, and reporting selection of result. Each
parameter of included studies was classified as “low,”
“moderate,” “serious,” “critical,” or ‘“no information” risk of
bias. The assessment of risk of bias for each included study is
presented in Fig. 2, while the summary of risk of bias assessment
regarding each item for each study included in the meta-analysis
is presented in Fig. 3. Any disagreements were resolved by
discussion including the senior authors to achieve a consensus.

2

Primary outcome
Clinical pregnancy per ET

Fifteen studies [5, 6, 8, 13, 17-27] reported results on clinical
pregnancy rates per ET cycle. Five different study designs (D4
vs. D3; D4 vs. D5; D4 vs. D2/3; D4 vs. D3/5; D4 vs. D2/3/5)
comparing a total of four different days including 11,034 ET
cycles were evaluated. Thirty-five pairwise comparisons were
evaluated. According to funnel plot assessment, publication
bias was present (Supplementary Fig. 1). Heterogeneity
among the studies was reported to be significantly high
(P =62.2%), thus the random effects model was employed.
No statistically significant difference was observed in any of
the comparisons as presented in Fig. 4.

Secondary outcomes
Ongoing pregnancy/live birth

Six studies [8, 19-21, 23, 24] reported results on ongoing
pregnancy/live birth rates. Four different study designs (D4 vs.
D3; D4 vs. D5; D4 vs. D3/5; D4 vs. D2/3/5) comparing a total of
four different days including 3319 ET cycles were evaluated.
Thirteen pairwise comparisons were evaluated. According to
funnel plot assessment, no publication bias was present
(Supplementary Fig. 2). Heterogeneity among the studies was
reported to be insignificant (* = 0%), thus the fixed effect model
was employed. No statistically significant difference was ob-
served in any of the comparisons as presented in Fig. 5.

Clinical pregnancy per patient

Four studies [13, 22-24] reported results on clinical pregnan-
cy per patient. Two different study designs (D4 vs. D3; D4 vs.
D3/5) comparing a total of three different days including 3873
ET cycles were evaluated. Ten pairwise comparisons were
evaluated. According to funnel plot assessment, publication
bias was present on D3 to D5 comparisons (Supplementary
Fig. 3). Heterogeneity among the studies was reported to be
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Table 1 Principal characteristics of studies included in the meta-analysis
Included studies Study design Total and cycles Study group Groups of comparison Outcome measures

D4 ET D2ET D3 ET D5 ET
Feil et al. [18] Retrospective 317 124 - - 193 CPR
Goto et al. [19] Retrospective 207 46 54 79 28 CPR, OPR, MR
Huisman et al. [17] Prospective 1112 350 872 1084 - CPR
Huisman et al. [13] Prospective 1078 488 - 590 709 CPR, PR, CR
Holschbach et al. [8] Retrospective 599 124 - - 475 CPR, OPR, MR
Kang et al. [20] Retrospective 605 130 - - 475 CPR, OPR, MR, PBR
Kiltz et al. [6] Retrospective 354 44 - 272 38 CPR
Lee et al. [5] Retrospective 747 440 - - 307 CPR
Lietal. [21] Retrospective 427 107 - - 320 CPR, OPR, MR, PBR
Montag et al. [22] Prospective 273 95 - 90 88 CPR, PR, CR
Nada et al. [23] Prospective 1467 159 — 1224 84 CPR, OPR, PR, MR
Pantos et al. [24] Prospective 346 173 — 173 — CPR, OPR, PR, CR, MR
Prapas et al. [25] (1) Prospective 433 85 - 261 87 CPR
Prapas et al. [25] (2) Prospective 636 98 - 315 223 CPR
Saadat et al. [26] Retrospective 525 239 - 286 - CPR
Tao et al. [27] Retrospective 339 242 - 97 - CPR

CPR, clinical pregnancy rates per cycle; OPR, ongoing pregnancy rates; PR, pregnancy rates per patient; CR, cancelation rates; MR, miscarriage rates;

PBR, preterm birth rates

significantly high (* = 64.8%), thus the random effects model
was employed. No statistically significant difference was ob-
served in any of the comparisons as presented in Fig. 6.

Cancelation rate

Three studies [13, 22, 24] reported results on cancel-
ation rates. Two different study designs (D4 vs. D3;
D4 vs. D3/5) comparing a total of three different days
including 2406 ET cycles were evaluated. Seven
pairwise comparisons were evaluated. According to

funnel plot assessment, no publication bias was present
(Supplementary Fig. 4). Heterogeneity among the stud-
ies was reported to be insignificant (/* =0%), thus the
fixed effect model was employed. No statistically sig-
nificant difference was observed in any of the compar-
isons as presented in Fig. 7.

Miscarriage rate per clinical pregnancy

Six studies [8, 19-21, 23, 24] reported results on mis-
carriage rate per clinical pregnancy. Four different study

Fig. 2 Assessment of risk of bias
of studies included in the meta-
analysis
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Fig. 3 Summary of risk of bias
assessment regarding each item
for each study included in the INCLUDED
meta-analysis STUDIES
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Fig. 4 Forest plot of clinical pregnancy rates per ET cycle resulting from the comparison of D4 ET with D2, D3, and D5 ET respectively
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Number of Direct
Comparison Studies Evidence
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Fig. 5 Forest plot of ongoing pregnancy/live birth rates resulting from the comparison of D4 ET with D2, D3, and D5 ET respectively

designs (D4 vs. D3; D4 vs. D5; D4 vs. D3/5; D4 vs.
D2/3/5) comparing a total of four different days includ-
ing 1378 ET cycles were evaluated. Thirteen pairwise
comparisons were evaluated. According to funnel plot
assessment, no publication bias was present

Number of Direct

(Supplementary Fig. 5). Heterogeneity among the stud-
ies was reported to be insignificant (I* =0%), thus the
fixed effect model was employed. No statistically sig-
nificant difference was observed in any of the compar-
isons as presented in Fig. 8.

Comparison Studies Evidence Random effects model RR 95%-ClI
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Fig. 6 Forest plot of clinical pregnancy rates per patient resulting from the comparison of D4 ET with D3 and D5 ET, respectively
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Fig. 7 Forest plot of cancelation rates resulting from the comparison of D4 ET with D3 and D5 ET, respectively
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Fig. 8 Forest plot of miscarriage rate per clinical pregnancy resulting from the comparison of D4 ET with D2, D3, and D5 ET respectively
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Fig.9 Forest plot of preterm birth Experimental

rates resulting from the Study

comparison of D4 with D5 ET Kang,2012 0 51
Li,2018 2 47
Fixed effect model 98

Random effects model
Heterogeneity: =0%, =0, p =0.80

Preterm birth

Two studies [20, 21] reported on preterm birth rates. Only one
study design (D4/D5) comparing two different days including
307 ET cycles were presented, thus conventional meta-
analytic methods were employed. Heterogeneity among the
studies was reported to be insignificant (* =0%), thus the
fixed effect model was employed. A statistically significant
lower preterm birth rates was presented in D4 ET (RR, 0.19;
95% CI, 0.05-0.67; p=0.01) as presented in Fig. 9.

Sensitivity analysis

A sensitivity analysis based on prospective studies was per-
formed, in order to statistically strengthen the validity of the
sourced results. Six prospective studies were included [13, 17,
22-25] reporting on the primary outcome measure of clinical
pregnancy rates per ET cycle. Three different study designs
(D4 vs. D3; D4 vs. D2/3; D4 vs. D3/5) comparing four differ-
ent days including a total of 7248 ET cycles were evaluated.
Heterogeneity among the studies was reported to be signifi-
cantly high (/* =71%), thus the random effects model was
employed. No statistically significant difference was observed
in any of the comparisons (D4 vs. D2 (RR, 0.96; 95% CI,
0.72-1.29); D4 vs. D3 (RR, 0.95; 95% CI, 0.84-1.08); D4
vs. D5 (RR, 1.04; 95% CI, 0.91-1.18)), as presented in
Supplementary Fig. 6. A further analysis was attempted
employing strictly studies with an overall low risk of bias
[22, 24]. Heterogeneity of I* = 80.2% was observed and thus
a sensitivity analysis could not be performed.

Regarding the number of embryos transferred only studies
with two or less embryos transferred were selected for evalu-
ation. Four studies were included in this sensitivity analysis
[8, 13, 18, 20] reporting on the primary outcome of this meta-
analysis, namely clinical pregnancy rate. Two different study
designs (D4 vs. D3/5 and D4 vs. D5) comparing three differ-
ent days including a total of 2974 cycles were evaluated.
Heterogeneity among the studies was reported to be insignif-
icant (* =0%), thus the fixed-effects model was employed.
No statistically significant difference was observed in any of
the comparisons [D4 vs. D3 (RR, 1.01; 95% CI, 0.83-1.24);
D4 vs. D5 (RR, 1.01; 95% CI, 0.9-1.14)]. In the cases where
strictly single embryo transfers were evaluated, only two stud-
ies reported results on clinical pregnancy rates [18, 20] includ-
ing a total of 588 cycles. Both studies presented with the same
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30 146 —B— 0.21 [0.05;0.83] 78.4%  81.2%
209 - 0.19 [0.05; 0.67] 100.0% -
_ 0.19 [0.05; 0.67] —  100.0%

[ T T 1
0.01 0.1 1 10 100

design (D4 vs. D5) thus conventional meta-analytic methods
were employed. Heterogeneity was reported as insignificant
(P =0%) thus the fixed effects model was employed. No
statistically significant difference was observed (RR, 1.07;
95% CI1, 0.89-1.28).

Discussion

In IVF practice, selecting the embryos of the highest implanta-
tion potential to include for ET is probably the most crucial step
in efficiently managing an IVF cycle. Commonly, the choice of
the day of ET may dictate the outcome especially if a cycle
could “perform” better employing a certain day. It is notable
that recent meta-analyses reveal higher implantation and preg-
nancy rates regarding blastocyst transfer compared with cleav-
age stage ET, albeit of no statistical significance [14, 38].
Further to that, higher rates of transfer cancelation rates are
correlated with prolonged blastocyst culture [14]. The quality
and number of embryos along with the patient’s choice, the
legal framework and the IVF team’s consultation based on re-
productive history and etiology, all conspire towards selecting
the best day. A vague hesitation may surround the option of D4
ET as not the standard practice. Clinical experience shows that
sometimes an embryo may not be suitable to be subjected to
extensive culture, and that developmental ability may become
compromised [39]. It was a requirement for D4 ET to be intro-
duced in IVF laboratory allowing for extra time for PGD,
employing the advanced micro-array CGH [3]. Additionally,
in the scope of cross border reproductive care, patients opt to
travel abroad or more rarely, they may become unable—for
personal reasons—to present to an assisted reproduction unit
[40]. Thus, the option of arranging an ET procedure on D4
taking into consideration the patients’ requests, even on account
of avoiding weekends [6], may provide further flexibility to the
demanding schedule of an IVF laboratory [8, 18]. Nonetheless,
decision making within the context of an IVF laboratory re-
quires data supporting 1 day versus another developmental
stage. The present study focuses on delineating the approach
of D4 ET as a potential “baladeur” option for IVF profes-
sionals, aiming to achieve an optimal personalized management
during an IVF cycle.

Studies comparing D4 ET with D2, D3, or D5 ET, respec-
tively, were included in this network meta-analysis and were
further evaluated. Notably, no study comparing D4 with D6

@ Springer



1058

J Assist Reprod Genet (2019) 36:1049-1061

ET was detected. Our results reveal no statistically significant
difference in regard to clinical pregnancy rates per ET cycle,
ongoing pregnancy/live birth rates, as well as clinical preg-
nancy rates per patient, following the comparison of D4 with
D2, D3, and D5 ET. The sensitivity analysis performed did not
alter the results sourced herein, neither when employing strict-
ly prospective studies, nor when employing studies with two
or less embryos transferred. Moreover, no statistically signif-
icant difference was reported regarding cancelation rates and
miscarriage rates per clinical pregnancy, following the com-
parison of D4 with D3 and D5 ET. Remarkably, statistically
significant lower preterm birth rates are associated with re-
spect to D4 ET compared with D5 ET (RR, 0.19; 95% CI,
0.05-0.67; p value=0.01). It should be noted that results
originating from the comparison between D2, D3, and D5
ET should be interpreted with caution. The aim of the present
study was to employ D4 ET as the reference group in order to
delineate its true place in clinical practice. Thus, only studies
performing D4 ET were included. The comparisons reported
herein between D2, D3, and D5 are due to the network nature
of'the analysis for this study. Cleavage versus blastocyst trans-
fer still rises a heated debate, fueling the conduction of meta-
analyses dedicated to delineating this [14, 41].

The majority of concerns regarding management of a D4
embryo stem from the fact that morula physiology is consid-
erably more complex to delineate in comparison with the two
clearly distinct developmental stages namely cleavage and
blastocyst. The D4 embryo or morula may be portrayed as a
blurry mass of cells [42]. This may be associated to the fact
that indeed, 4 days following fertilization, a “sensitive” period
is triggered, characterized by intense DNA synthesis in order
to enable cell division. Along with this event, the phenomenon
of the embryo’s contractions is documented, as the embryo is
prepared for cell line differentiation coupled by a notable
growth in volume [43]. The morula appears more vulnerable
during this stage, remaining in “limbo” between two highly
distinct developmental stages [44]. The process of the mor-
ula’s compaction further indicates alteration of blastomeres’
shape, loss of sphericity, along with changes regarding contact
links [42]. Consequently, metabolic requirements during this
embryonic stage are presented as considerably more demand-
ing when compared with the cleavage stage. The heightened
metabolic requirement indicates the intent to achieve gene
expression along with the embryonic expansion [45, 46].

Albeit providing promising results, D4 ET still remains a
less-preferable approach, mainly due to the dynamic of em-
bryonic development [42]. From an embryologists’ point of
view, at this developmental stage, one may be more inclined to
minimize exposure attributed to removal from the incubator
[44]. An interesting point worth considering in regard to day 4
ET implementation complication, may involve the difficulties
and challenges in grading a morula stage embryo. The morula
stage may present as neglected from an evaluation point of
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view in light of the fact that most laboratories fail to include
morula morphology data in their final verdict in embryo grad-
ing. The embryo development on D4 being a dynamic pro-
cess, renders accurate morphological assessment of the moru-
la or of the compaction stage embryo, a complicated and chal-
lenging process lacking clear standardization. Hitherto, there
is lack of an established morula grading system [8]. In fact,
little is documented concerning the morula score [47], apart
from several in-house scoring lines that are mainly based on
the proportion of blastomeres’ compaction, as well as the
fragmentation rate [21, 27, 48]. Albeit grading may prove
challenging, on the other hand, the perivitalline space of the
morula is reported to be comparatively large and thus facilitate
the practice of assisted hatching adding an advantage to opting
for a D4 ET in the IVF laboratory [15].

Interestingly, various studies investigated the vitrification
method on D4 stage embryos, providing good results. The
team of Tao was the first to report live births following cryo-
preservation of morula stage embryos [49]. Moreover, the
same group, in a retrospective study, observed promising re-
sults regarding morula’s survival rates following the freeze—
thaw procedure, with the majority of morula stage embryos
continuing on to the compaction progress following the thaw
reaching full compaction, whereas a small portion presented
with proceeding backwards to the cleavage stage [50]. A point
of paramount importance advocating the optimal results asso-
ciated with morula vitrification versus the blastocyst stage is
the structure characterizing the morula and blastocyst. The
blastocoelic fluid filled cavity may render the vitrification
procedure deleterious for its integrity, especially for the IVF
laboratories practicing blastocyst vitrification excluding blas-
tocoelic collapse [51]. Subsequently, D4 embryos may appear
with comparable results concerning pregnancy rates following
vitrification [52].

Time-lapse imaging provided the IVF specialists with the
opportunity to ultimately evaluate the embryos’ development,
without exposing them to any variation in relevance to the
well-provided culture conditions [53], limiting stress stimuli.
Nonetheless, in clinical practice at the era of time-lapse, D4
ET is still argued as not being the first line option even though
the argument of subjecting the embryo to a rollercoaster of
variations is not part of the equation. It is notable that each IVF
laboratory may adopt different set-up approaches for handling
IVF cycles during clinical routine. In the poll of selecting the
best ET day, the majority lean towards cleavage stage ET,
namely D2 or D3 ET, or blastocyst stage ET, namely D5 or
D6 ET, or even their combination, excluding D4 as an option
[41]. It is noteworthy, that studies proposed that blastocyst
transfer may positively favor the clinical pregnancy outcome
[5, 14], along with decreasing either ectopic [38, 54] or mul-
tiple pregnancies [5, 13]. However, the foundation of the
thought that Day 4 ET is not optimal could be disputed in light
of lack of solid evidence supporting this notion.
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The rationale behind D4 ET is similar to that of blastocyst
transfer, regarding the improved uterine receptivity, in line
with reduced contractility, resulting to higher chances of suc-
cessful implantation [18, 23]. The advancement to the morula
stage guarantees the switch from maternal to embryonic gene
activation, a fact that could represent as an additional advan-
tage [55]. The embryo’s physiological “journey,” traveling
from the fallopian tube to the uterine cavity, between the end
of D3 and on the onset of D4 has been acknowledged
[55].Could it be that the implantation window may in fact be
more responsive towards a morula stage embryo? Perhaps, the
possibility of considering D4 ET in routine practice could
allow for such questions to be further investigated.

A finding of statistical significance resulting from the pres-
ent meta-analysis regarding the increased preterm birth fol-
lowing blastocyst transfer in comparison with morula transfer
may reflect a statistical verdict failing to be buttressed by any
clinical or physiological theory or hypothesis. Such findings
may remind us of other studies reporting a significant associ-
ation between frozen—thawed cycles and increased placenta
accrete prevalence, along with pregnancy induced hyperten-
sion [56, 57]. Nonetheless, the observation stands. Findings
reporting on perinatal and neonatal data are of heightened
significance especially as the interest of the scientific commu-
nity on assisted reproduction has shifted from implantation
rates to the pediatric follow data of the children born through
ART [58]. This fact renders such observations meriting further
investigation. The retrospective nature of the two included
studies reporting on preterm delivery association [20, 21],
along with the small sample of reported births should be ac-
knowledged as a limitation en route to drawing definite con-
clusions. Interestingly, a retrospective cohort study conducted
by Kalra and her colleagues observed a relation between
prolonged embryo culture and preterm birth. However, simi-
larly this study failed to reach a conclusion regarding a possi-
ble mechanism [59].

Concerning limitations of the current study, the variation in
the number of transferred embryos in conjunction with their
quality as assessed employing various grading systems among
studies, could stand as confounders in this study. Additionally,
several included studies published decades ago are understand-
ably reporting on out of date culture condition systems at a time
when embryo culture was more challenging and less efficient.

It should be highlighted that this network meta-analysis
concerning D4 ET is a first entry in the current literature.
Our results suggest an affirmative answer to the initial ques-
tion posed, strengthening D4 ET in IVF clinical practice, as a
valid option claiming an equal right with respect to the stan-
dard suggested ET days, as no significant difference was re-
ported in comparison. This may lead to transform the IVF
laboratory set-up, enabling greater flexibility, and options with
regard to the optimal cycle’s management. The authors refrain
from making statements based on findings with respect to a

change in practice, especially in light of the fact that with the
exception of preterm delivery, other outcome measures eval-
uated presented with no statistical difference between days of
ET. Large randomized controlled trials (RCTs) along with
basic research on the physiology of the morula in comparison
with that of the cleavage and blastocyst stage embryo are
imperative in order to provide strength in decision making
and proceed with a possible horizontal clinical application.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Simopoulou M, Asimakopoulos B, Bakas P, Boyadjiev N,
Tzanakaki D, Creatsas G. Oocyte and embryo vitrification in the
IVF laboratory: a comprehensive review. Folia Med (Plovdiv).
2014;56:161-9.

2. Chronopoulou E, Harper JC. IVF culture media: past, present and
future. Hum Reprod Update. 2015;21:39-55.

3. LulL, Lv B, Huang K, Xue Z, Zhu X, Fan G. Recent advances in
preimplantation genetic diagnosis and screening. J Assist Reprod
Genet. 2016;33:1129-34.

4. Casper R, Haas J, Hsieh T-B, Bassil R, Mehta C. Recent advances
in in vitro fertilization. F1000Research. 2017;6:1616.

5. Lee S-H, Lee H-S, Lim CK, Park Y-S, Yang KM, Park DW.
Comparison of'the clinical outcomes of day 4 and 5 embryo transfer
cycles. Clin Exp Reprod Med. 2013;40:122-5.

6. Kiltz RJ, Woodhouse DJ, Miller DB, Sciera AM, Corona JT.
Efficacy of day 4 embryo transfer (ET) in minimizing weekend
staffing requirements. Fertil Steril. 2003;80:126.

7. Penzias A, Bendikson K, Butts S, Coutifaris C, Falcone T, Fossum
G, et al. Performing the embryo transfer: a guideline. Fertil Steril.
2017;107:882-96.

8. Holschbach V, Weigert J, Dietrich JE, Roesner S, Montag M,
Strowitzki T, Toth B Pregnancy rates of day 4 and day 5 embryos
after culture in an integrated time-lapse incubator. Reprod Biol
Endocrinol RBE [Internet] 2017. Available from: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC5422939/, 15, 37. Accessed
26 Dec 2018

9. Gardner DK, Lane M, Stevens J, Schlenker T, Schoolcraft WB.
Blastocyst score affects implantation and pregnancy outcome: to-
wards a single blastocyst transfer. Fertil Steril. 2000;73:1155-8.

10. Artley JK, Braude PR, Johnson MH. Gene activity and cleavage
arrest in human pre-embryos. Hum Reprod Oxf Engl. 1992;7:
1014-21.

11. Zamora RB, Sanchez RV, Pérez JG, Diaz RR, Quintana DB,
Bethencourt JCA. Human zygote morphological indicators of
higher rate of arrest at the first cleavage stage. Zygote Camb
Engl. 2011;19:339-44.

12.  Niakan KK, Han J, Pedersen RA, Simon C, Pera RAR. Human pre-
implantation embryo development. Dev Camb Engl. 2012;139:
829-41.

@ Springer


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5422939/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5422939/

1060

J Assist Reprod Genet (2019) 36:1049-1061

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Huisman GJ, Fauser BCJ, Eijkemans MJ, Pieters MHE.
Implantation rates after in vitro fertilization and transfer of a max-
imum of two embryos that have undergone three to five days of
culture. Fertil Steril. 2000;73:117-22.

Martins WP, Nastri CO, Rienzi L, van der Poel SZ, Gracia C,
Racowsky C. Blastocyst vs cleavage-stage embryo transfer: sys-
tematic review and meta-analysis of reproductive outcomes.
Ultrasound Obstet Gynecol. 2017;49:583-91.

Skorupski JC, Stein DE, Acholonu U, Field H, Keltz M. Successful
pregnancy rates achieved with day 4 embryo transfers. Fertil Steril.
2007;87:788-91.

Miravet-Valenciano JA, Rincon-Bertolin A, Vilella F, Simon C.
Understanding and improving endometrial receptivity. Curr Opin
Obstet Gynecol. 2015;27:187-92.

Huisman GJ, Alberda AT, Leerentveld RA, Verhoeff A, Zeilmaker
GH. A comparison of in vitro fertilization results after embryo
transfer after 2, 3, and 4 days of embryo culture. Fertil Steril.
1994:61:970-1.

Feil D, Henshaw RC, Lane M. Day 4 embryo selection is equal to
day 5 using a new embryo scoring system validated in single em-
bryo transfers. Hum Reprod. 2008;23:1505-10.

Goto Y, Kanzaki H, Nakayama T, Takabatake K, Himeno T, Mori T,
et al. Relationship between the day of embryo transfer and the
outcome in human in vitro fertilization and embryo transfer. J
Assist Reprod Genet. 1994;11:401-4.

Kang SM, Lee SW, Jeong HJ, Yoon SH, Koh MW, Lim JH, et al.
Clinical outcomes of elective single morula embryo transfer versus
elective single blastocyst embryo transfer in IVF-ET. J Assist
Reprod Genet. 2012;29:423-8.

Li R-S, Hwu Y-M, Lee RK-K, Li S-H, Lin M-H. Day 4 good
morula embryo transfer provided compatible live birth rate with
day 5 blastocyst embryo in fresh IVF/ET cycles. Taiwan J Obstet
Gynecol. 2018;57:52-7.

Montag M, van der Ven K, Dorn C, van der Ven H. Extended
embryo culture reduces the implantation rate on day 4 and day 5
when only a maximum of three embryos are cultured beyond the
pronuclear stage. Eur J Obstet Gynecol Reprod Biol. 2006;124:
65-9.

Nada AM, Khalil RF, Sawaf A, El-halwagy A. Morula transfer as
alternative to blastocyst transfer or day 3 transfer: is there a role?
Evid Based Women s Health J. 2015;5:43-6.

Pantos K, Makrakis E, Chronopoulou M, Biba M, Perdikaris A,
Dafereras A. Day 4 versus day 3 embryo transfer: a prospective
study of clinical outcomes. Fertil Steril. 2008;89:573-7.

Prapas Y, Prapas N, Hatziparasidou A, Vanderzwalmen P, Nijs M,
Prapa S, et al. Ultrasound-guided embryo transfer maximizes the
IVF results on day 3 and day 4 embryo transfer but has no impact on
day 5. Hum Reprod Oxf Engl. 2001;16:1904-8.

Saadat P, Yang H, Center RSPR. Day 3 versus day 4 embryo trans-
fer: does one day make a difference? Fertil Steril. 2004;81:23.

Tao J, Tamis R, Fink K, Williams B, Nelson-White T, Craig R. The
neglected morula/compact stage embryo transfer. Hum Reprod Oxf
Engl. 2002;17:1513-8.

Neri-Vidaurri P, Rojas-Hernandez EM, Vielma-Valdez A, Serviere-
Zaragoza C. Resultados de un programa de reproduccion asistida
con transferencia de embriones en dia 4. Ginecol Obstet México.
2018;9.

Pavelkova J, Rezabek K, Moosova M, Svetlikova M. Extended
embryo culture in IVF does not improve pregnancy rate. Ceska
Gynekol. 2011;76:120-3.

Gianaroli L, Magli M, Munné S, Fiorentino A, Montanaro N,
Ferraretti A. Will preimplantation genetic diagnosis assist patients
with a poor prognosis to achieve pregnancy? Hum Reprod Oxf
Engl. 1997;12:1762-7.

Margreiter M, Weghofer A, Kogosowski A, Mahmoud KZ,
Feichtinger W. A prospective randomized multicenter study to

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

evaluate the best day for embryo transfer: does the outcome justify
prolonged embryo culture? J Assist Reprod Genet. 2003;20:91-4.
Zander-Fox DL, Tremellen K, Lane M. Single blastocyst embryo
transfer maintains comparable pregnancy rates to double cleavage-
stage embryo transfer but results in healthier pregnancy outcomes.
Aust N Z J Obstet Gynaecol. 2011;51:406-10.

Bulut H, Coetzee K, Ozgur K, Berkkanoglu M. Reduced early
pregnancy loss of day 4 blastocysts transferred in artificial FET
on progesterone day 5. J Assist Reprod Genet. 2016;33:1701.
Burks H, Buckbinder J, Francis-Hernandez M, Chung K, Jabara S,
Bendikson K, et al. Developmentally delayed cleavage-stage em-
bryos maintain comparable implantation rates in frozen embryo
transfers. J Assist Reprod Genet. 2015;32:1477-81.

Mehrafza M. Delayed transfer of embryos from 2 to 3 or 4 days
after oocyte retrieval and the pregnancy rate in ICSI. Iran J Reprod
Med. 2009;7:135.

Sagiri T, Miyako MF, Hiroaki MU, Terumi MH, El Beltagy Khalid
MD, Yoshitaka MN, et al. A comparison of day-3 versus day-2 and
day-5 versus day-4 embryo transfers among in-vitro fertilization
patients. J Clin Embryol. 2009;12:15-22.

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND,
Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias
in non-randomised studies of interventions. BMJ. 2016:14919.

Yin Y, Chen G, Li K, Liao Q, Zhang S, Ma N, et al. Propensity
score-matched study and meta-analysis of cumulative outcomes
of day 2/3 versus day 5/6 embryo transfers. Front Med. 2017;11:
563-9.

Braga DPAF, Setti AS, de Cassia S, Figueira R, Machado RB,
Iaconelli A, et al. Patient selection criteria for blastocyst transfers
in extended embryo culture programs. J Assist Reprod Genet.
2012;29:1357-62.

Inhorn MC, Patrizio P. Infertility around the globe: new thinking on
gender, reproductive technologies and global movements in the
21st century. Hum Reprod Update. 2015;21:411-26.

Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo
CR, Blake D. Cleavage stage versus blastocyst stage embryo trans-
fer in assisted reproductive technology. Cochrane Database Syst
Rev. 2016:CD002118.

Coticchio G, Lagalla C, Sturmey R, Pennetta F, Borini A. The
enigmatic morula: mechanisms of development, cell fate determi-
nation, self-correction and implications for ART. Hum Reprod
Update [Internet] 2019; Available from: https://academic.oup.
com/humupd/advance-article/doi/10.1093/humupd/dmz008/
5374477. Accessed 17 Mar 2019

Kermi C, Lo Furno E, Maiorano D. Regulation of DNA replication
in early embryonic cleavages. Genes. 2017;8:42.

Milewski R, Ajduk A. Time-lapse imaging of cleavage divisions in
embryo quality assessment. Reproduction. 2017;154:R37-53.
Brison DR, Sturmey RG, Leese HJ. Metabolic heterogeneity during
preimplantation development: the missing link? Hum Reprod
Update. 2014;20:632-40.

Leese HJ. Metabolism of the preimplantation embryo: 40 years on.
Reprod Camb Engl. 2012;143:417-27.

Alpha Scientists in Reproductive Medicine, ESHRE Special
Interest Group Embryology. Istanbul consensus workshop on em-
bryo assessment: proceedings of an expert meeting. Reprod
BioMed Online. 2011;22:632-46.

Fabozzi G, Alteri A, Rega E, Starita MF, Piscitelli C, Giannini P,
et al. Morphological assessment on day 4 and its prognostic power
in selecting viable embryos for transfer. Zygote Camb Engl.
2016;24:477-84.

Tao J, Tamis R, Fink K. Pregnancies achieved after transferring
frozen morula/compact stage embryos. Fertil Steril. 2001;75:629—
31.


https://academic.oup.com/humupd/advance-article/doi/10.1093/humupd/dmz008/5374477
https://academic.oup.com/humupd/advance-article/doi/10.1093/humupd/dmz008/5374477
https://academic.oup.com/humupd/advance-article/doi/10.1093/humupd/dmz008/5374477

J Assist Reprod Genet (2019) 36:1049-1061

1061

50.

51.

52.

53.

54.

55.

Tao J, Craig RH, Johnson M, Williams B, Lewis W, White J, et al.
Cryopreservation of human embryos at the morula stage and out-
comes after transfer. Fertil Steril. 2004;82:108—18.

Lopes AS, Frederickx V, Van Kerkhoven G, Campo R, Puttemans
P, Gordts S. Survival, re-expansion and cell survival of human
blastocysts following vitrification and warming using two vitrifica-
tion systems. J Assist Reprod Genet. 2015;32:83-90.
Vanderzwalmen P, Bertin G, Debauche C, Standaert V, van
Roosendaal E, Vandervorst M, et al. Births after vitrification at
morula and blastocyst stages: effect of artificial reduction of the
blastocoelic cavity before vitrification. Hum Reprod. 2002;17:
744-51.

Chen M, Wei S, Hu J, Yuan J, Liu F. Does time-lapse imaging have
favorable results for embryo incubation and selection compared
with conventional methods in clinical in vitro fertilization? A
meta-analysis and systematic review of randomized controlled tri-
als. Drevet JR, editor. PLoS One 2017;12:¢0178720.

Zhang B, Cui L, Tang R, Ding L, Yan L, Chen Z-J. Reduced ectopic
pregnancy rate on day 5 embryo transfer compared with day 3: a
meta-analysis. Sun Q-Y PLoS One 2017;12:e0169837.

Rossant J, Tam PPL. New insights into early human development:
lessons for stem cell derivation and differentiation. Cell Stem Cell.
2017;20:18-28.

57.

8.

59.

Ishihara O, Araki R, Kuwahara A, Itakura A, Saito H, Adamson
GD. Impact of frozen-thawed single-blastocyst transfer on mater-
nal and neonatal outcome: an analysis of 277,042 single-embryo
transfer cycles from 2008 to 2010 in Japan. Fertil Steril.
2014;101:128-33.

Opdahl S, Henningsen AA, Tiitinen A, Bergh C, Pinborg A,
Romundstad PR, et al. Risk of hypertensive disorders in pregnan-
cies following assisted reproductive technology: a cohort study
from the CoNARTaS group. Hum Reprod Oxf Engl. 2015;30:
1724-31.

Chen L, Yang T, Zheng Z, Yu H, Wang H, Qin J. Birth prevalence
of congenital malformations in singleton pregnancies resulting from
in vitro fertilization/intracytoplasmic sperm injection worldwide: a
systematic review and meta-analysis. Arch Gynecol Obstet.
2018;297:1115-30.

Kalra SK, Ratcliffe SJ, Barnhart KT, Coutifaris C. Extended em-
bryo culture and an increased risk of preterm delivery. Obstet
Gynecol. 2012;120:69-75.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	Should...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Search strategy
	Study selection
	Excluded studies
	Data extraction
	Outcomes
	Statistical analysis

	Results
	Study characteristics
	Assessment of risk of bias

	Primary outcome
	Clinical pregnancy per ET

	Secondary outcomes
	Ongoing pregnancy/live birth
	Clinical pregnancy per patient
	Cancelation rate
	Miscarriage rate per clinical pregnancy
	Preterm birth
	Sensitivity analysis

	Discussion
	References


