Paffoni et al. Reproductive Biology and Endocrinology (2021) 19:121 . .
https://doi.org/10.1186/512958-021-00784-3 Reproductive Biology

and Endocrinology

REVIEW Open Access

Should rescue ICSI be re-evaluated ®
considering the deferred transfer of
cryopreserved embryos in in-vitro
fertilization cycles? A systematic review and
meta-analysis

Alessio Paffoni" @, Marco Reschini?, Valerio Pisaturo?, Cristina Guarneri?, Simone Palini* and Paola Vigano?

Check for
updates

Abstract

Background: Total fertilization failure represents a particularly frustrating condition for couples undergoing in vitro
fertilization. With the aim of reducing the occurrence of total fertilization failure, intracytoplasmic sperm injection
(ICSI) has become the first choice over conventional in vitro fertilization (IVF) procedures although evidence of
improved results is still debated and its use in couples without male factor infertility is not recommended. Among
the strategies potentially useful to promote the use of conventional IVF, we herein call attention to the late rescue
ICSI, which consists in performing ICSI after 18-24 h from conventional insemination on oocytes that show no signs
of fertilization. This treatment has however been reported to be associated with a low success rate until recent
observations that embryos derived from late rescue ICSI may be transferred after cryopreservation in a frozen-
thawed cycle with improved results. The aim of the present study was to assess whether frozen embryos deriving
from rescue ICSI performed about 24 h after conventional IVF may represent a valuable option for couples
experiencing fertilization failure.

Methods: A systematic review on the efficacy of late rescue ICSI was performed consulting PUBMED and EMBASE.

Results: Including twenty-two original studies, we showed that clinical pregnancy rate per embryo transfer and
implantation rate obtainable with fresh embryo transfers after rescue ICSI are not satisfactory being equal to 10 and
5%, respectively. The transfer of cryopreserved rescue ICSI embryos seems to offer a substantial improvement of
success rates, with pregnancy rate per embryo transfer and implantation rate equal to 36 and 18%, respectively.
Coupling rescue ICSI with frozen embryo transfer may ameliorate the clinical pregnancy rate for embryo transfer
with an Odds Ratio =4.7 (95% Cl:2.6-8.6).

Conclusion: Results of the present review support the idea that r-ICSI coupled with frozen embryo transfer may
overcome most of the technical and biological issues associated with fresh transfer after late r-ICSI, thus possibly
representing an efficient procedure for couples experiencing fertilization failure following conventional IVF cycles.

Trial registration: Prospero registration ID: CRD42021239026.

Keywords: IVF, Total fertilization failure, Rescue ICSI, Delayed ICSI, Intracytoplasmic sperm injection

* Correspondence: alessio.paffoni@alice.it
"Infertility Unit, ASST Lariana, Cantt, Como 22063, Italy
Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12958-021-00784-3&domain=pdf
http://orcid.org/0000-0003-3112-3161
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=239026
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:alessio.paffoni@alice.it

Paffoni et al. Reproductive Biology and Endocrinology (2021) 19:121

Background

Intracytoplasmic sperm injection (ICSI), initially devel-
oped to treat severe male infertility, was introduced in the
early 1990s as one of the most dramatic technological
breakthroughs in assisted reproductive technology (ART)
[1]. The technique was rapidly integrated into the routine
clinical practice and is presently considered the most
widely used insemination method worldwide [2]. The reli-
ability in achieving fertilization in cases of severe male fac-
tor infertility has led to the expansion of its use also for
other infertility indications. In the United States, ICSI use
increased from 36% in 1996 to 76% in 2012, with the lar-
gest relative increase among ART cycles without an indi-
cation of male factor infertility. According to Zagadailov
et al. [3], state mandates for ART coverage can encourage
more restrictive use of laboratory resources. From 2000 to
2016, absolute rates of ICSI use per clinic increased by
20% in both ART-mandated (42.5 to 62.5%) and non-
mandated states (46.9 to 67.6%) with statistically signifi-
cant lower ICSI utilization in insurance-mandate states.
An increase in ICSI use has been reported in several coun-
tries worldwide, with ICSI rate close to 100% in the Mid-
dle East [4].

Reducing the occurrence of total fertilization failure
(TFF) represents the plausible reason for this “indication
creep” of ICSI over conventional in vitro fertilization
(IVF) procedures. Total fertilization failure represents a
particularly frustrating condition for couples undergoing
ART and for professionals since it results in the prema-
ture termination of the cycle. Its incidence following
conventional insemination is not infrequent, being esti-
mated to range between 5 and 20% [5]. Notably, how-
ever, evidence of improved fertilization results with the
use of ICSI is still debated and strongly related to the in-
fertility indication considered [6-9]. Furthermore, clues
in support for the need to limit widespread use of ICSI
stem from inconclusive data on improved post-
fertilization reproductive outcomes for non-male factor
infertility diagnosis and from the significantly higher rate
of de novo, chromosomal abnormalities and birth de-
fects observed in children born after ICSI compared with
the rate in the general population [10]. It is therefore,
not unexpected that the Practice Committee of the
American Society for Reproductive Medicine and the
Society for Assisted Reproductive Technology, have de-
clared that there is insufficient evidence to suggest ICSI
use in couples without male factor infertility [10].

Among the strategies potentially useful to promote the
use of conventional IVF, we herein call attention to the
rescue ICSI (r-ICSI), which consists in performing ICSI
after 4-24 h from conventional insemination on oocytes
that show no signs of fertilization. This treatment, po-
tentially valuable in rescuing cycles with total or partial
fertilization failure, has however been reported to be
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associated with a low success rate when performed after
24 h (late r-ICSI) [11]. Reasons underlying this low rate
may include the time-dependent deterioration in oocyte
quality and the loss of synchronization between endo-
metrial growth and embryo development. To limit these
deleterious effects, a r-ICSI strategy to be carried out ap-
proximately 4—8 h after conventional insemination (early
r-ICSI) has been proposed, allowing to obtain higher
fertilization rates [12]. Unfortunately, given its difficult
implementation,  poorly = compatible  with  the
organization of a laboratory, the technique is currently
quite unpopular [11, 13].

Recently, a step forward in this context has derived
from the observation that embryos derived from late r-
ICSI may be transferred after cryopreservation in a
frozen-thawed cycle with improved results [14, 15]. The
strategy of cryopreservation could overcome all the tech-
nical and biological issues associated with late r-ICSI,
allowing the procedure to be more frequently used in
limiting the risk of TFF associated with conventional
IVF cycles. Therefore, in the present systematic review,
we sought to verify whether r-ICSI coupled with frozen
embryo transfer may favor ART success rate of couples
experiencing TFF following conventional IVF cycles.

Methods

Studies were considered for inclusion in the systematic
review following the PICOC framework as follows - pa-
tients/population: couples undergoing IVF cycles; inter-
vention: rescue (delayed) ICSI performed on the day
after oocyte retrieval and TFF following conventional
IVF; comparison: when possible, r-ICSI coupled with
frozen embryo transfer compared to r-ICSI with fresh
embryo transfer; main Outcome: clinical pregnancy rate
per cycle (clinical evidence of intrauterine foetal sac);
additional outcomes: fertilization rate, implantation rate,
ongoing pregnancy rate, delivery rate, malformation rate
according to the International Classification of Diseases
11th Revision [16]; clinical outcomes were calculated
separately for fresh and frozen embryo transfers; context:
r-ICSI has been reported to be associated with a low effi-
cacy and this may be explained by the asynchrony be-
tween embryo development and endometrial receptivity.

The following search string was used in PUBMED and
EMBASE on 23" February 2021 and repeated on 19™
April 2021:

((((“rescue ICSI”) OR (R-ICSI)) OR (“rescue intracyto-
plasmic sperm injection”)) OR (“delayed ICSI”)) OR
(“delayed intracytoplasmic sperm injection”). No restric-
tions were used at this stage, with the exception of the
“article” publication type for EMBASE.

Two people independently screened records for inclu-
sion and their decision was blinded to each other. A
third author checked for disagreement between results
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and a decision was taken by three authors. This process
was recorded through an excel spreadsheet. Reference
lists cited in study reports included in the systematic re-
view were examined in order to retrieve additional pa-
pers suitable for inclusion.

For data extraction, studies were included in the data
synthesis if reporting: 1) clinical pregnancy rate per cycle
after r-ICSI performed on the day after oocyte retrieval;
2) indication regarding fresh or frozen embryo transfer;
3) results published in full in English language. The fol-
lowing data were extracted: First Author, publication ID,
year of publication, period of recruitment, study design,
mean age of included women, inclusion of cases with
total or partial fertilization failure, fertilization rate with
conventional IVF, number of cycles included, time of r-
ICSI after conventional insemination, use of sperm from
previous day or freshly collected, number of oocytes
treated with r-ICSI, r-ICSI fertilization rate and abnor-
mal fertilization rate, number of embryos obtained,
number of fresh embryos transferred, number of trans-
ferred frozen embryos, technique of cryopreservation,
strategy of endometrial preparation, number of pregnan-
cies, number of newborns, number of newborns with
malformations. Those data were recorded in an excel
spreadsheet and were used to calculate the main out-
comes and to account for possible heterogeneity among
studies. Studies including a comparison between r-ICSI
cycles with fresh and frozen embryo transfer were also
considered for quantitative evaluation. If not clearly indi-
cated, the number of inseminated or fertilized oocytes
and the number of transferred or obtained embryos were
calculated using available data such as mean values or
rates. Two reviewers collected data from each report
working independently; disagreements between data col-
lectors were resolved with the intervention of a third re-
viewer and collegial discussion.

Quality assessment of included papers was performed
using the “JBI critical appraisal checklist for cross sec-
tional studies” [17], an evaluation tool developed to
evaluate representativeness and reliability of studies.
Each of 8 criteria was assessed (Yes, No, Unclear, Not
applicable) by two independent reviewers and disagree-
ments were solved in a collegial discussion with a third
reviewer after reconsidering the following aspects: cri-
teria for inclusion in the sample, description of basal
characteristics of patients/cycles, methodological defin-
ition of r-ICSI, identification of confounding factors and
strategies to deal with them, definition of the outcomes
including pregnancy rate, use of statistical analysis.

A narrative and tabular synthesis was used for present-
ing the outcomes. Confidence intervals of proportions
for the narrative synthesis were obtained with a binomial
exact calculation. Clinical outcomes (fertilization rate,
pregnancy rate per embryo transfer/cycle, implantation
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rate) were synthesised with the inverse-variance method.
Odds ratios (OR) were obtained for case/control studies
comparing fresh and frozen cycles using the Mantel-
Haenszel method. A visual synthesis of results was ob-
tained with forest plots. Analysis and figures were done
with R packages [18]. Studies with missing values were
excluded from the synthesis of the specific outcome.
With the main goal to estimate the mean effect in a
range of studies, a random-effect model was selected to
conduct the meta-analysis; in case of low inconsistency
(I> < 30%), results obtained with a fixed model were also
included. T was reported as a measure of heterogeneity
among studies.

Results

Studies were identified and selected for inclusion in the
review as reported in the flowchart (Fig. 1). Out of 89
initially retrieved studies through PUBMED/EMBASE
search and reference lists, 22 were finally included [12,
14, 15, 19-37]. The key characteristics and results of the
studies are summarized in Table 1. Eight case-reports
were used for qualitative synthesis of data regarding late
r-ICSI but were excluded from pregnancy and implant-
ation rates calculation [21, 25-27, 29, 30, 34, 35]. Four-
teen retrospective studies were included in the
quantitative synthesis [12, 14, 15, 19, 20, 22-24, 28, 31—
33, 36, 37] and three studies were also used to calculate
the OR for pregnancy and implantation rates between
frozen and fresh embryo transfer after r-ICSI [14, 15,
22]. Main results of selected studies including transfer of
fresh and frozen rescue ICSI embryos are reported in
Tables 2 and 3, respectively. An additional table shows
the critical appraisal of included studies according to the
Joanna Briggs Institute checklist (see Additional file 1).

As reported in Table 1, a total of n=1686 late r-ICSI
cycles with 7=12,945 inseminated oocytes were re-
ported in 22 studies. Rescue ICSI was performed after
15-24'h from initial conventional IVF. The number of
clinical pregnancies following r-ICSI were reported to be
n =383 in fresh cycles and n =149 in frozen cycles with
n=65 and n =121 ongoing pregnancies/deliveries, re-
spectively. The rate of r-ICSI on the total of conven-
tional IVF cycles was available in 7 retrospective studies
[12, 14, 22, 24, 28, 31, 37] and was equal to 3.1%
(95%CI: 3.0-3.3%).

In the eight case-reports, a total of nine r-ICSI cycles
performed > 18h after the conventional IVF insemin-
ation using n = 71 oocytes was reported. Age of included
women ranged between 28 and 42 years. The cumulative
normal fertilization rate was 63.4% (95%CIL: 52-74%).
Eighteen fresh embryos were replaced in seven embryo
transfers between day 3 and 6 after oocyte retrieval; ten
embryos implanted in #=6 patients with an implant-
ation rate equal to 56% (95%CI: 34—75%). In one case-
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Fig. 1 Prisma 2020 flow-diagram of study selection process

report study, embryo transfer was not performed as the
cytogenetic analysis demonstrated the absence of euploid
embryos [27]. The delivery of at least one baby was re-
ported in five studies [21, 25, 29, 34, 35]; the newborns
were healthy and no malformations were reported. Two
studies reported two successful frozen embryo transfers;
one of them was performed with n =4 slow-frozen em-
bryos [26] and the other with one vitrified embryo [35].
Both pregnancies resulted in the delivery of a healthy
baby.

In the 14 retrospective cohort studies, a total of n=
1677 r-ICSI cycles (range 3—-625 cycles per study), per-
formed in women with a mean age ranging from 31.1 to
36.7 years, were included [12, 14, 15, 20, 22-24, 28, 31,
33-37]. Rescue cycles were performed using n = 12,874
unfertilized oocytes (range 20-4824 per study) 15-24h
after conventional IVF resulting in total or partial
fertilization failure. Normal fertilization rate (2 pro-
nuclei) in individual studies ranged between 30 and 92%
with a cumulative effect size equal to 54% (95%CI: 48—
60%; 12 = 95%, t> = 0.17) estimated on a total of n = 8881
r-ICSI oocytes (the forest plot of fertilization rate is
available in the Additional file 2). The rate of abnormal

fertilization (1 or 3 pronuclei) was reported in five stud-
ies [12, 15, 19, 20, 23] and ranged between 5 and 9% of
r-ICSI oocytes. In the majority of the studies, r-ICSI was
performed using the sperm sample collected on the pre-
vious day; one study found a higher rate of normally fer-
tilized oocytes using freshly collected sperm cells (51%)
compared to 1-day-old-spermatozoa (36%) [18]. Twelve
studies reported a total of #=1031 women undergoing
n =879 fresh embryo transfers on day 3 or 4 after oocyte
retrieval with n =2024 embryos [12, 14, 15, 20, 22-24,
28, 31-33, 36]; the implantation rate ranged between 0
and 11% with an effect size equal to 5% (95%CL: 3-7%).
Seventy-six clinical pregnancies were obtained corre-
sponding to a clinical pregnancy rate per r-ICSI cycle
ranging between 0 and 17% and an overall effect size
equal to 10% (95%CIL: 7-15%). A quantitative synthesis
of implantation and clinical pregnancy rates per embryo
transfer in fresh cycles is summarized in Fig. 2.
Fifty-nine ongoing/deliveries pregnancies were re-
ported. Among fifty-three newborns from fresh trans-
ferred r-ICSI embryos, no malformations were reported;
two terminations for trisomy 21 (ICD-11: LD40.0) and
congenital eye abnormality (ICD-11: LA10) were
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Table 1 Characteristics of included studies

First Country Years Source Type total (TFF) or total female n°of r- n°of r- timing of r- Sperm
Author, recruitment of partial (PFF) number of age mean ICSI ICSI ICSI post

year [ID] study fertilization failure IVF cycles (+SD) cycles oocytes IVF (h)

Lundin K, Sweden <1995 Ref R TFF and PFF 57 450 20-22 PF
1996 [19]

Morton PC,  Usa 1993-1996  Ref R TFF 353+43 54 489 20-24 P
1997 [20]

Bussen, 1997  Germany < 1997 Ref CR PFF 32 1 6 20 P
[21]

Yuzpe AA, Canada 1997-1999 Pub/ R TFF and PFF 535 344+40 32 234 19-22 p
2000 [22] Emb

Park KS, 2000 Korea <2000 Ref R TFF and PFF 31716 17 68 >18 p
[23]

Kuczynski W, Poland 1996-2000 Pub/ R TFF 1412 329+50 120 779 18-20

2002 [24] Emb

Chian RC, Canada <2003 Pub/ CR TFF 29 1 4 >18 p
2003 [25] Emb

Lombardi E,  Argentina 1998 Pub/ CR PFF 36 1 12 20 p
2003 [26] Emb

Chen C, 2003 Singapore 1997-1998 Pub/ R TFF 230 352+4.1 20 182 22

[12] Emb

Pehlivan T, Spain <2003 Pub/ CR PFF 35 1 11 21

2004 [27] Emb

Amarin ZO, Saudi 1995-2001 Pub/ R TFF 492 326 78 616 >18-24 p
2005 [28] Arabia Emb

DeUgarte Usa <2005 Pub/ CR TFF 42 1 7 20 P
CM, 2006 Emb

[29]

Esfandiari N, Canada 2007 Pub/ CR PFF 28 1 8 19

2008 [30] Emb

Sermondade  France 2004-2009  Pub/ R TFF 355436 17 127 >18 P
N, 2010 [15] Emb

Shalom-paz ~ Canada 1999-2008  Pub/ R TFF 2700 355+45 92 883 16-18 p
E, 2011 [31] Emb

Xiong S, China 2009 Pub/ R TFF 353+32 3 20 20 p
2011 [32] Emb

Zhu L, 2011 China 2007-2009  Emb R TFF 313+53 16 98 20-22 P
[33]

Ming L, 2012  China 2006-2011 Pub/ R TFF 15,162 31.1- 534 4824 >16-18 p
[14] Emb 332+43

Singh N, India <2010 Pub/ CR TFF 32 1 4 >18 p
2013 [34] Emb

Moon JH, Canada <2014 Pub/ CR TFF 285 2 19 21

2015 [35] Emb

Sachdev NM, Usa 2003-2015 Pub/ R TFF and PFF 36,743 12 11 15-18

2016 [36] Emb

Li M, 2021 China 2013-2016 Pub/ R TFF 27,582 314- 625 3993 >16-19 p
[37] Emb 324+47

Empty cells = missing values; r-ICSI rescue-ICSI; Pub Pubmed; Emb Embase, Ref cited references; R retrospective/cross-sectional; CR case-report; P previous

day; F fresh

recorded [14, 31]. As reported in Table 2, viable embryos
can not be obtained with late r-ICSI in a proportion of
women up to 38%; the crude incidence of cases without
viable embryos in retrospective studies was 14% (95%CI:
11-16%; n = 107/785).

Five studies provided results on the transfer of cryo-
preserved embryos following r-ICSL; in three studies,
supernumerary embryos were slow-freezed after fresh
embryo transfer [14, 15, 22] and in the remaining two
studies, cryopreservation was elective and performed
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with vitrification [36, 37]. The cumulative percentage of
cycles with cryopreservation of supernumerary embryos
was 7 =415/1220 (34%, 95%CI:32-37%). In the study
with elective embryo vitrification coupled with preim-
plantation genetic testing (PGT) [36], the rate of patients
receiving euploid embryos was n =3/12 (25%, 95%CI:9—
53%); in the second study with elective embryo vitrifica-
tion, the rate of patients obtaining viable embryos was
n =406/625 (65%, 95%Cl: 61-69%).

A total of n =406 embryo transfers with frozen/thawed
embryos were performed in a cohort of n =415 patients.
The number of embryos transferred was n =781 (mean
number of embryos per transfer = 1.9) and the implant-
ation rate, excluding the study with PGT showing 100%
implantation rate with 3 transferred embryos [36],
ranged between 13.3 and 23.7%. The clinical pregnancy
rate per started frozen cycle ranged between 25.0 and
50.0%. The quantitative synthesis showed an implant-
ation rate equal to 18% (95%CI: 11-27%) and a preg-
nancy rate per embryo transfer equal to 36% (95%Cl:
31-41%) following r-ICSI frozen cycles (Fig. 3). When
considering only frozen embryos transferred at the
cleavage stage, implantation rate was 12% (95%CI: 10—
15%, I* =0%, *=0).

Among #n =126 newborns from cryopreserved r-ICSI
embryos, a case of microtia (ICD-11: LA22.0) was re-
ported [37].

In three studies, a comparison between the transfer of
fresh and supernumerary frozen r-ICSI cycles was per-
formed [14, 15, 22]. As depicted in Fig. 4, the ORs were
3.3 (95%CI: 2.0-5.5) and 4.7 (95%CI: 2.6—8.5) for im-
plantation and clinical pregnancy rate per embryo trans-
fer, respectively, favouring frozen embryo transfer.

Discussion

The present review has revealed some important aspects
regarding ICSI performed on the day following oocyte
retrieval as a rescue procedure for fertilization failure
following conventional IVF cycles: 1) the clinical preg-
nancy rate per embryo transfer and implantation rate
obtainable with fresh embryo transfers are in general not
satisfactory being equal to 10 and 5%, respectively and
up to 1 out of 7 women can not obtain viable embryos
despite the use of late r-ICSI; 2) the transfer of cryopre-
served r-ICSI embryos seems to offer a substantial im-
provement of success rates, with pregnancy rate per
embryo transfer and implantation rate equal to 37 and
20%, respectively. The low rates of success associated
with the r-ICSI after fresh transfers have already been
extensively discussed elsewhere [11]. As a term of com-
parison, it is worth mentioning that the fertilization rate
and the implantation rate for r-ICSI embryos at the
cleavage stage are below the competency values pro-
posed by the ESHRE Consensus for ICSI cycles (60 and
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25%, respectively) [38] and that the overall success rate
is in the range of ‘futility’ or ‘very poor prognosis’ ac-
cording to the Ethics Committee of the American Soci-
ety for Reproductive Medicine [39]. Conversely, results
deriving from cryopreservation of embryos obtainable by
r-ICSI deserve some attention. Indeed, according to the
present results, the change in the procedure allows
ameliorate the clinical pregnancy rate for embryo trans-
fer with an OR =4.7 (95% CI: 2.6—8.6) and the implant-
ation rate with an OR=33 (95%CL: 2.0-5.6).
Undoubtedly, it has to be recognized that only five stud-
ies produced data on r-ICSI coupled with frozen embryo
transfer and all of them were retrospective observational
studies. No randomized clinical trial is currently avail-
able. However, all the studies consistently reported ac-
ceptable success rates and the demonstration of an
effect size greater than 3 or 4, as for implantation and
clinical pregnancy rates, respectively, may be considered
worthwhile, taking into account that observational stud-
ies are often not able to assess weak associations [40].
Even considering the lower limits of confidence intervals
and therefore the statistical variability linked to the char-
acteristics of the studies, results remain of interest with
clinical pregnancy rates per embryo transfer of about
30%. Nevertheless, given the retrospective nature of the
studies, we cannot exclude the presence of possible se-
lection biases and residual confounding factors that may
have led to incorrect interpretation of causal
associations.

Similar considerations may be applied to the three
studies reporting results of the comparison between
fresh and frozen embryo transfers after r-ICSI. On the
other hand, it has to be noted that, in these studies,
transfers with cryopreserved embryos were carried out
with residual embryos following a fresh embryo transfer
from the same r-ICSI cycles. Therefore, even though the
experimental design is not based on a randomization, it
is still an intra-patient model of some clinical interest.

Another possible limit of the studies considered is that
they might have included a very selected cohort of pa-
tients and/or embryos. Indeed, it is possible that unsuc-
cessful events were not published and that patients who
achieved pregnancies with frozen r-ICSI cycles may be
overrepresented. Similarly, although speculative, em-
bryos that succeeded in implantation might have derived
from a very selected cohort of oocytes with exceptionally
high quality and developmental potential therefore only
marginally affected by in vitro ageing. There are at least
three relevant observations to consider in this regard.
First, embryos judged to have the highest probability of
implantation are generally transferred in fresh cycles and
it is therefore plausible that the cryopreserved super-
numerary embryos were not the top quality embryos of
the reported cycle cohort. Despite this, they showed a
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Fig. 2 Quantitative synthesis of the studies reporting clinical pregnancy (upper panel) and implantation rate (lower panel) per embryo transfer in
fresh cycles following rescue-ICSI performed 15-24 h after conventional IVF resulting in total or partial fertilization failure

higher implantation potential compared to the fresh
counterparts. Second, based on studies with elective
cryopreservation of embryos [36, 37], we can estimate in
higher than 50% the proportion of women who actually
succeeded in obtaining viable embryos for cryopreserva-

been influenced by the in vitro selection of embryos
achievable through the culture up to the blastocyst stage;
in fact, it has been reported that frozen r-ICSI embryos
transferred at the blastocyst stage have a statistically sig-
nificant higher implantation potential compared to the

tion following r-ICSI. This data could have probably cleavage stage (41% versus 12%, respectively) [37]. Third,
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Fig. 3 Quantitative synthesis of the studies reporting clinical pregnancy (upper panel) and implantation rate (lower panel) per embryo transfer in
frozen cycles following rescue-ICSI performed 15-24 h after conventional IVF resulting in total or partial fertilization failure. Cases with
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Fig. 4 Meta-analysis of studies comparing frozen and fresh rescue-ICSI cycles. Odds Ratios (OR) for clinical pregnancy rate per embryo transfer
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in the included studies, age and other variables as poten-
tial confounding factors have been controlled by intra-
patient comparisons and should not have strongly
impacted.

The available data are also limited by the lack of rele-
vant clinical information since obstetric and perinatal
findings were often not reported. Less than 180 births
have been described so far deriving from both fresh and
frozen cycles using r-ICSI; two miscarriages due to mal-
formations and no relevant health problems in newborns
with the exception of one case of microtia were re-
ported. Therefore, although the cohort of babies born
from this procedure is limited, present results do not
suggest an increase of adverse outcomes following its ap-
plication, including malformation rates.

Collectively, even considering the reported limits of
the considered studies, the present findings highlight the
consistent improvement in the success rate using
frozen-thawed embryo transfer after late r-ICSI cycles.

This observation has important implications for clin-
ical embryologists. The opportunity to rely on a rescue
procedure with satisfactory chances of success could en-
tice the operators to a greater use of the conventional
IVF technique. An excessive use of ICSI, aiming at pre-
venting cases of TFF, is thought to have negative conse-
quences both on the overall probability of pregnancy
and on the safety of the procedures with higher costs
and increased laboratory workload. According to the re-
sults of a recent systematic review [6], TFF risk is signifi-
cantly increased after conventional IVF insemination
compared to ICSI (relative risk = 2.63, 95%CI: 1.29-5.35)
in couples with non-male factor infertility; on the con-
trary, overall fertilization rates are not significantly im-
proved with the use of ICSI and clinical pregnancy rates
are even higher using conventional IVF. Similarly, a

previous Cochrane review confirmed that conventional
IVF gives better fertilization results than ICSI in couples
with male factor subfertility and also suggested that
pregnancy, miscarriage or live-birth rates after conven-
tional IVF and ICSI are comparable for couple with
non-male subfertility. If anything, ICSI does not improve
the success rate in these couples [41]. Even if results
from a recent meta-analysis favour the use of ICSI to in-
crease fertilization rates and decrease the risk of TFF in
couples with well defined unexplained infertility, no data
on the impact on clinical pregnancy and live birth rates
have been provided in this publication [8]. A recent ran-
domised clinical trial failed to demonstrate an advantage
of ICSI compared to conventional IVF in couples with-
out male factor indication in terms of total fertilization
failure, live birth and implantation rates [7]. Since age
has been correlated with zona pellucida thickening, ICSI
has been proposed for improving ART outcomes in
older patients [42]; however, a recent prospective ran-
domized controlled trial comparing conventional insem-
ination versus ICSI on sibling oocytes in advanced
maternal age patients showed similar fertilization rate,
average number of cleavage stage and average top-
quality embryos between the two groups (9). Given this
scenario, it is essential to illustrate any beneficial role of
r-ICSI in order to increase the confidence of embryolo-
gists in proceeding with conventional IVF.

Late r-ICSI can be easily implemented in ART labora-
tories as it can be carried out the day after oocyte re-
trieval and it is not difficult to fit it timely in the context
of the laboratory process while this is often the case for
early r-ICSIL Rescue ICSI performed as early as 6 h after
in vitro insemination has been similarly proposed as an
interesting treatment option to avoid a complete failure
of conventional IVF [12, 13]. Overall, according to the
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review by Beck-Fruchter et al., a pregnancy rate of 44%
can be achieved following the application of this proced-
ure in cases of TFF [11]. Despite these encouraging re-
sults, early r-ICSI is still sporadically used and generally
in laboratories located in China. The underlying plaus-
ible reason for this unpopularity relies on the
organization problems that may arise in implementing
this procedure in the context of the routine activities of
standard IVF laboratories. It is therefore possible that
late r-ICSI may find a greater consensus among opera-
tors if it proves to be equally efficient, even though it en-
tails the need to apply the elective cryopreservation of
the embryos. Cryopreservation procedures are currently
well integrated among IVF laboratory treatments and
can be routinely organized without very strict time re-
quirements. Elective embryo freezing also allows con-
ducting genetic testing in order to verify whether there
is a concrete risk of genetic anomalies linked to the ex-
tension of the culture time between oocyte retrieval and
insemination, as suggested in very preliminary case-
reports [27, 29].

Of utmost interest, benefits of cryopreservation and
transfer in subsequent cycles may explain the discrep-
ancy between results derived from fresh or frozen/
thawed embryo transfers. Indeed, some degree of asyn-
chrony between embryo developmental stage and endo-
metrial receptivity window may occur following fresh
transfer of cleavage stage embryos derived from late r-
ICSI [43]. Most of the reports indeed described results
from transferring embryos at the cleavage stage [11]. Al-
though endometrial receptivity is thought to have an
extraordinary plasticity so that embryos could implant
regardless of their precise phase of development (e.g., a
cleavage-stage embryo could implant in an endometrium
theoretically set to receive a blastocyst), we cannot ex-
clude that small perturbations at the opening of the win-
dow of implantation may have a detrimental role.

Some critical variables may potentially affect the effi-
cacy of late r-ICSI but, unfortunately, data are currently
poorly available in this context. Among those variables,
it is worth citing the following: 1) the use of 1-day old or
freshly prepared spermatozoa; only one study compared
the two types of ejaculate, suggesting that fresh sperm-
atozoa are associated with higher fertilization rates. In
all other reports, sperm used was collected on the day
before. Since sperm quality and aging could explain, at
least in part, observed fertilization rates which were
found to be lower compared to standard ICSI cycles, this
issue remains to be clarified through reliable information
on the genetic and metabolic quality of spermatozoa
after a 24-h incubation; 2) the rate of immature or nearly
mature oocytes available at the time of conventional
IVE. It is well known that the evaluation of nuclear ma-
turity of oocytes still in their cumulus cells can be

Page 11 of 13

demanding and that metaphase I oocytes could benefit
from in vitro culture until the day after retrieval in order
to gain competence to undergo fertilization. For this rea-
son, we cannot exclude that some positive results of late
r-ICSI may be due to oocyte maturation rather than to
the fertilization technique; 3) timing of oocyte retrieval
after ovulation triggering and exposure of oocytes to
sperm cells during conventional IVF insemination; both
these aspects may in fact influence the rate of mature
oocytes during the insemination window; 4) the specific
freezing procedure. The vast majority of results using r-
ICSI coupled with embryo freezing were obtained using
the slow freezing procedure. Since vitrification is acquir-
ing increasing popularity worldwide as a more efficient
technique [44], we may assume that, in the near future,
r-ICSI data will be positively influenced by the employ-
ment of vitrification. Finally, it has to be mentioned that
some laboratories prefer to extend the culture of appar-
ently unfertilized oocytes to the next day, in order not to
discard viable embryos deriving from miscategorized zy-
gotes. The employment of r-ICSI should not imply some
changes in this approach since, at 24 h after insemin-
ation, some evidence of fertilization should already be
present. The use of time-lapse may represent a valid op-
tion [45].

In conclusion, the results of this review support the
idea that r-ICSI coupled with frozen embryo transfer
may represent an efficient procedure for couples experi-
encing TFF following conventional IVF cycles. The strat-
egy of embryo cryopreservation seems to overcome most
of the technical and biological issues associated with a
fresh transfer after late r-ICSL. Data derived from em-
bryo vitrification instead of slow freezing will provide a
definitive answer on this topic.

Abbreviations

ART: Assisted reproductive technologies; ICSI: Intracytoplasmic sperm
injection; IVF: In-vitro fertilization; OR: Odds Ratio; PFF: Partial fertilization
failure; r-ICSI: rescue-ICSI; TFF: Total fertilization failure

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512958-021-00784-3.

Additional file 1. JBI critical appraisal checklist for analytical cross
sectional studies. The evaluation of included studies made according to
the Joanna Briggs Institute.

Additional file 2. Fertilization rate in late r-ICSI cycles. Effect size of
fertilization rate (2 pronuclei) in included studies.

Acknowledgements
Not applicable.

Authors’ contributions

AP.and P.V. designed the study and drafted the manuscript. V.P., S.P., CG.
participated in the collection of the literature. All Authors participated in the
critical evaluation of the literature. AP. and M.R. performed statistical


https://doi.org/10.1186/s12958-021-00784-3
https://doi.org/10.1186/s12958-021-00784-3

Paffoni et al. Reproductive Biology and Endocrinology (2021) 19:121

analyses. AP, P.V. and VP. finished the manuscript. All authors read and
approved the final manuscript.

Authors’ information
All authors are involved in clinical embryology activities.

Funding
No specific financial or non-financial support was received for the review.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors declare no competing interest.

Author details

"Infertility Unit, ASST Lariana, Cant(;, Como 22063, Italy. “Infertility Unit,
Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan 20122,
Italy. *IVF Unit, AUSL Romagna Cervesi Hospital, 47841 Cattolica, ltaly.

Received: 10 May 2021 Accepted: 14 June 2021
Published online: 04 August 2021

References

1. Rubino P, Vigano P, Luddi A, Piomboni P. The ICSI procedure from past to
future: a systematic review of the more controversial aspects. Hum Reprod
Update. 2016:dmv050. https://doi.org/10.1093/humupd/dmv050.

2. Haddad M, Stewart J, Xie P, Cheung S, Trout A, Keating D, et al. Thoughts
on the popularity of ICSI. J Assist Reprod Genet. 2021. https;//doi.org/10.1
007/510815-020-01987-0.

3. Zagadailov P, Seifer DB, Shan H, Zarek SM, Hsu AL. Do state insurance
mandates alter ICSI utilization? Reprod Biol Endocrinol. 2020;18(1):33.
https://doi.org/10.1186/512958-020-00589-w.

4. Boulet SL, Mehta A, Kissin DM, Warner L, Kawwass JF, Jamieson DJ. Trends
in use of and reproductive outcomes associated with intracytoplasmic
sperm injection. JAMA. 2015;313(3):255-63. https://doi.org/10.1001/jama.2
014.17985.

5. Combelles CM, Morozumi K, Yanagimachi R, Zhu L, Fox JH, Racowsky C.
Diagnosing cellular defects in an unexplained case of total fertilization
failure. Hum Reprod. 2010;25(7):1666-71. https://doi.org/10.1093/humrep/
deq064.

6. Abbas AM, Hussein RS, Elsenity MA, Samaha Il, El Etriby KA, Abd El-Ghany
MF, et al. Higher clinical pregnancy rate with in-vitro fertilization versus
intracytoplasmic sperm injection in treatment of non-male factor infertility:
systematic review and meta-analysis. J Gynecol Obstet Hum Reprod. 2020;
49(6):101706. https://doi.org/10.1016/jjogoh.2020.101706.

7. Dang VQ, Vuong LN, Luu TM, Pham TD, Ho TM, Ha AN, et al.
Intracytoplasmic sperm injection versus conventional in-vitro fertilisation in
couples with infertility in whom the male partner has normal total sperm
count and motility: an open-label, randomised controlled trial. Lancet. 2021;
397(10284):1554-63. https//doi.org/10.1016/50140-6736(21)00535-3.

8. Johnson LN, Sasson IE, Sammel MD, Dokras A. Does intracytoplasmic sperm
injection improve the fertilization rate and decrease the total fertilization
failure rate in couples with well-defined unexplained infertility? A systematic
review and meta-analysis. Fertil Steril. 2013;100(3):704-11. https://doi.org/1
0.1016/jfertnstert.2013.04.038.

9. Haas J, Miller TE, Nahum R, Aizer A, Kirshenbaum M, Zilberberg E, et al. The
role of ICSI vs conventional IVF for patients with advanced maternal age-a
randomized controlled trial. J Assist Reprod Genet. 2021;38(1):95-100.
https://doi.org/10.1007/510815-020-01990-5.

10.  Practice Committees of the American Society for Reproductive Medicine
and Society for Assisted Reproductive Technology. Intracytoplasmic sperm

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Page 12 of 13

injection (ICSI) for non-male factor infertility: a committee opinion. Fertil
Steril. 2012. https://doi.org/10.1016/j fertnstert.2012.08.026.

Beck-Fruchter R, Lavee M, Weiss A, Geslevich Y, Shalev E. Rescue
intracytoplasmic sperm injection: a systematic review. Fertil Steril. 2014;
101(3):690-8. https://doi.org/10.1016/j fertnstert.2013.12.004.

Chen C, Kattera S. Rescue ICSI of oocytes that failed to extrude the second
polar body 6 h post-insemination in conventional IVF. Hum Reprod. 2003;
18(10):2118-21. https://doi.org/10.1093/humrep/deg325.

Tesarik J. Associate editor's comment on 'Rescue ICSI of oocytes that failed
to extrude the second polar body 6 h post-insemination in conventional
IVF' by Chen and Kattera. Rescue ICSI revisited. Hum Reprod. 2003;18(10):
2122-3. https//doi.org/10.1093/humrep/deg425.

Ming L, Liu P, Qiao J, Lian Y, Zheng X, Ren X, et al. Synchronization
between embryo development and endometrium is a contributing factor
for rescue ICSI outcome. Reprod BioMed Online. 2012;24(5):527-31. https.//
doi.org/10.1016/j.rbmo.2012.02.001.

Sermondade N, Hugues JN, Cedrin-Durnerin |, Poncelet C, Benzacken B,
Lévy R, et al. Should all embryos from day 1 rescue intracytoplasmic sperm
injection be transferred during frozen-thawed cycles? Fertil Steril. 2010;94(3):
1157-8. https//doi.org/10.1016/j fertnstert.2009.12.001.

World Health Organization. International classification of diseases for
mortality and morbidity statistics (11th Revision). 11th ed. World Health
Organization; 2018. Retrieved from from https://icd.who.int/browse11/l-m/
en.

Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al. Chapter
7: Systematic reviews of etiology and risk. In: Aromataris E, Munn Z, editors.
JBI Manual for Evidence Synthesis. JBI; 2020. Available from https://
synthesismanual jbiglobal.

R Core Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. 2014; URL http://
www.R-project.org/ -
Lundin K Sjogren A, Hamberger L. Reinsemination of one-day-old oocytes
by use of intracytoplasmic sperm injection. Fertil Steril. 1996;,66(1):118-21.
https://doi.org/10.1016/50015-0282(16)58397-6.

Morton PC, Yoder CS, Tucker MJ, Wright G, Brockman WD, Kort HI.
Reinsemination by intracytoplasmic sperm injection of 1-day-old oocytes
after complete conventional fertilization failure. Fertil Steril. 1997,68(3):488-
91. https://doi.org/10.1016/50015-0282(97)00223-9.

Bussen S, Mulfinger L, Sttterlin M, Schleyer M, Kress W, Steck T. Dizygotic
twin pregnancy after intracytoplasmic sperm injection of 1 day old
unfertilized oocytes. Hum Reprod. 1997;12(11):2560-2. https://doi.org/10.1
093/humrep/12.11.2560.

Yuzpe AA, Liu Z, Fluker MR. Rescue intracytoplasmic sperm injection (ICSI)-
salvaging in vitro fertilization (IVF) cycles after total or near-total fertilization
failure. Fertil Steril. 2000;73(6):1115-9. https://doi.org/10.1016/50015-0282
(00)00522-7.

Park; KS.,, Song, H.B,, Chun, S.S. Late fertilization of unfertilized human
oocytes in in vitro fertilization and intracytoplasmic sperm injection cycles:
conventional insemination versus ICSI. J Assist Reprod Genet. 2000; doi:
https://doi.org/10.1023/a:1009409100941.

Kuczynski W, Dhont M, Grygoruk C, Pietrewicz P, Redzko S, Szamatowicz M.
Rescue ICSI of unfertilized oocytes after IVF. Hum Reprod. 2002;17(9):2423-7.
https://doi.org/10.1093/humrep/17.9.2423.

Chian RC, Lapensée L, Phillips S, Tan SL. Observation of pronuclei may not be an
absolute indicator for fertilization in rescue intracytoplasmic sperm injection oocytes.
Reprod Med Biol. 2003;2(2)83-5. https://doiorg/10.1046/].1445-5781.2003.00020.
Lombardi E, Tiverédn M, Inza R, Valcércel A, Young E, Bisioli C. Live birth and
normal 1-year follow-up of a baby born after transfer of cryopreserved
embryos from rescue intracytoplasmic sperm injection of 1-day-old oocytes.
Fertil Steril. 2003;80(3):646-8. https.//doi.org/10.1016/50015-0282(03)00996-8.
Pehlivan T, Rubio C, Ruiz A, Navarro J, Remohi J, Pellicer A, et al. Embryonic
chromosomal abnormalities obtained after rescue intracytoplasmic sperm
injection of 1-day-old unfertilized oocytes. J Assist Reprod Genet. 2004;21(2):
55-7. https://doi.org/10.1023/b:jarg.0000025939.26834.93.

Amarin ZO, Obeidat BR, Rouzi AA, Jallad MF, Khader YS. Intracytoplasmic
sperm injection after total conventional in-vitro fertilization failure. Saudi
Med J. 2005;26:411-5.

DeUgarte CM, Li M, Jordan B, Hill D, DeCherney A, Surrey M. Rescue
intracytoplasmic sperm injection and preimplantation genetic diagnosis in
combination can result in pregnancy. Fertil Steril. 2006;86(1):200-2. https://
doi.org/10.1016/j fertnstert.2006.03.021.


https://doi.org/10.1093/humupd/dmv050
https://doi.org/10.1007/s10815-020-01987-0
https://doi.org/10.1007/s10815-020-01987-0
https://doi.org/10.1186/s12958-020-00589-w
https://doi.org/10.1001/jama.2014.17985
https://doi.org/10.1001/jama.2014.17985
https://doi.org/10.1093/humrep/deq064
https://doi.org/10.1093/humrep/deq064
https://doi.org/10.1016/j.jogoh.2020.101706
https://doi.org/10.1016/S0140-6736(21)00535-3
https://doi.org/10.1016/j.fertnstert.2013.04.038
https://doi.org/10.1016/j.fertnstert.2013.04.038
https://doi.org/10.1007/s10815-020-01990-5
https://doi.org/10.1016/j.fertnstert.2012.08.026
https://doi.org/10.1016/j.fertnstert.2013.12.004
https://doi.org/10.1093/humrep/deg325
https://doi.org/10.1093/humrep/deg425
https://doi.org/10.1016/j.rbmo.2012.02.001
https://doi.org/10.1016/j.rbmo.2012.02.001
https://doi.org/10.1016/j.fertnstert.2009.12.001
https://icd.who.int/browse11/l-m/en
https://icd.who.int/browse11/l-m/en
https://synthesismanual.jbi.global
https://synthesismanual.jbi.global
http://www.r-project.org/
http://www.r-project.org/
https://doi.org/10.1016/S0015-0282(16)58397-6
https://doi.org/10.1016/s0015-0282(97)00223-9
https://doi.org/10.1093/humrep/12.11.2560
https://doi.org/10.1093/humrep/12.11.2560
https://doi.org/10.1016/s0015-0282(00)00522-7
https://doi.org/10.1016/s0015-0282(00)00522-7
https://doi.org/10.1023/a:1009409100941
https://doi.org/10.1093/humrep/17.9.2423
https://doi.org/10.1046/j.1445-5781.2003.00020.x
https://doi.org/10.1016/s0015-0282(03)00996-8
https://doi.org/10.1023/b:jarg.0000025939.26834.93
https://doi.org/10.1016/j.fertnstert.2006.03.021
https://doi.org/10.1016/j.fertnstert.2006.03.021

Paffoni et al. Reproductive Biology and Endocrinology

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2021) 19:121

Esfandiari N, Claessens EA, Burjag H, Gotlieb L, Casper RF. Ongoing twin
pregnancy after rescue intracytoplasmic sperm injection of unfertilized
abnormal oocytes. Fertil Steril. 2008,90(1):199.e5-7. https://doi.org/10.1016/j.
fertnstert.2007.07.1299.

Shalom-paz E, Alshalati J, Shehata F, Jimenez L, Son WY, Holzer H, et al.
Clinical and economic analysis of rescue intracytoplasmic sperm injection
cycles. Gynecol Endocrinol. 2011;27(12):993-6. https.//doi.org/10.3109/09513
590.2011.579655.

Xiong S, Han W, Liu JX, Zhang XD, Liu WW, Liu H, et al. Effects of cumulus
cells removal after 6 h co-incubation of gametes on the outcomes of
human IVF. J Assist Reprod Genet. 2011,28(12):1205-11. https://doi.org/10.1
007/510815-011-9630-9.

Zhu L, Ren X, Wu L, Hu J, Li'Y, Zhang H, et al. Rescue ICSI: choose the
optimal rescue window before oocyte aging. Reprod Contracept. 2011,22(1):
29-36. https://doi.org/10.1016/51001-7844(12)60004-2.

Singh N, Malhotra N, Shende U, Tiwari A. Successful live birth after rescue
ICSI following failed fertilization. J Hum Reprod Sci. 2013;6(1):77-8. https.//
doi.org/10.4103/0974-1208.112388.

Moon JH, Henderson S, Garcia-Cerrudo E, Mahfoudh A, Reinblatt S, Son WY.
Successful live birth after transfer of blastocyst and frozen blastocyst from
rescue ICSI with application of polarized light microscopy for spindle
examination on unfertilized eggs. J Ovarian Res. 2015;8(1):22. https;//doi.
0rg/10.1186/513048-015-0150-6.

Sachdev NM, Grifo JA, Licciardi F. Delayed intracytoplasmic sperm injection
(ICSI) with trophectoderm biopsy and preimplantation genetic screening
(PGS) show increased aneuploidy rates but can lead to live births with
single thawed euploid embryo transfer (STEET). J Assist Reprod Genet. 2016;
33(11):1501-5. https;//doi.org/10.1007/510815-016-0743-z.

Li M, Li Q, Wang Y, Huang J, Liu P. Blastocyst cryopreservation and
cryopreservation-warming transfer is an effective embryo transfer strategy
for day 1 rescue intracytoplasmic sperm injection cycles. Sci Rep. 2021;11(1).
https://doi.org/10.1038/541598-021-87693-y.

ESHRE Special Interest Group of Embryology and Alpha Scientists in
Reproductive Medicine. The Vienna consensus: report of an expert meeting
on the development of ART laboratory performance indicators. Reprod
Biomed Online. 2017;35(5):494-510. https://doi.org/10.1016/j.rbmo.2017.06.
015.

Ethics Committee of the American Society for Reproductive Medicine.
Fertility treatment when the prognosis is very poor or futile: an Ethics
Committee opinion. Fertil Steril. 2019. https.//doi.org/10.1016/jfertnstert.201
9.01.033.

Grimes DA, Schulz KF. False alarms and pseudo-epidemics: the limitations of
observational epidemiology. Obstet Gynecol. 2012;120(4):920-7. https://doi.
0rg/10.1097/A0G.0b013e31826af6 1a.

van Rumste MM, Evers JL, Farquhar CM. Intra-cytoplasmic sperm injection
versus conventional techniques for oocyte insemination during in vitro
fertilisation in patients with non-male subfertility. Cochrane Database Syst
Rev. 2003. https://doi.org/10.1002/14651858.CD001301.

Kilani SS, Cooke S, Kan AK, Chapman MG. Do age and extended culture
affect the architecture of the zona pellucida of human oocytes and
embryos? Zygote. 2006;14(1):39-44. https.//doi.org/10.1017/50967199406003
625.

Vigano P, Alteri A, Busnelli A, Vanni VS, Somigliana E. Frozen IVF cycles to
circumvent the hormonal storm on endometrium. Trends Endocrinol
Metab. 2020;31(4):296-307. https://doi.org/10.1016/j.tem.2020.01.009.

Rienzi L, Gracia C, Maggiulli R, LaBarbera AR, Kaser DJ, Ubaldi FM, et al.
Oocyte, embryo and blastocyst cryopreservation in ART: systematic review
and meta-analysis comparing slow-freezing versus vitrification to produce
evidence for the development of global guidance. Hum Reprod Update.
2017. https://doi.org/10.1093/humupd/dmw038.

ESHRE Working group on Time-lapse technology, Apter S, Ebner T, Freour T,
Guns Y, Kovacic B, et al. Good practice recommendations for the use of
time-lapse technology. Hum Reprod Open. 2020;2020(2). https://doi.org/10.1
093/hropen/hoaa008.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.fertnstert.2007.07.1299
https://doi.org/10.1016/j.fertnstert.2007.07.1299
https://doi.org/10.3109/09513590.2011.579655
https://doi.org/10.3109/09513590.2011.579655
https://doi.org/10.1007/s10815-011-9630-9
https://doi.org/10.1007/s10815-011-9630-9
https://doi.org/10.1016/S1001-7844(12)60004-2
https://doi.org/10.4103/0974-1208.112388
https://doi.org/10.4103/0974-1208.112388
https://doi.org/10.1186/s13048-015-0150-6
https://doi.org/10.1186/s13048-015-0150-6
https://doi.org/10.1007/s10815-016-0743-z
https://doi.org/10.1038/s41598-021-87693-y
https://doi.org/10.1016/j.rbmo.2017.06.015
https://doi.org/10.1016/j.rbmo.2017.06.015
https://doi.org/10.1016/j.fertnstert.2019.01.033
https://doi.org/10.1016/j.fertnstert.2019.01.033
https://doi.org/10.1097/AOG.0b013e31826af61a
https://doi.org/10.1097/AOG.0b013e31826af61a
https://doi.org/10.1002/14651858.CD001301
https://doi.org/10.1017/S0967199406003625
https://doi.org/10.1017/S0967199406003625
https://doi.org/10.1016/j.tem.2020.01.009
https://doi.org/10.1093/humupd/dmw038
https://doi.org/10.1093/hropen/hoaa008
https://doi.org/10.1093/hropen/hoaa008

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Results
	Discussion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

