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to blastocyst embryo is among the
good predictors of successful outcome
in vitrified-thawed ICSI cycles
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Abstract

Background: Previous studies showed that top-quality embryo transfer (ET), number of transferred embryos, endo-
metrial preparation with natural cycles or mild stimulation, and female BMI independently affected the outcome in
frozen-thawed ET. However, the effect of culturing thawed cleavage embryos to blastocyst stage on the outcome
was not sufficiently elucidated. Our objective is to evaluate the role of this extended culturing as predictor of cycle
outcome in vitrified-thawed ICSI cycles.

Materials and methods: One thousand forty-two consecutive cycles of vitrified-thawed ET done in a single IVF unit
[Mansoura Integrated Fertility Centre (MIFC)] were reviewed during a period from 2014 to 2017. Endometrial prepara-
tion methods were natural, stimulation by antiestrogen and/or gonadotropins, or replacement using sequential estra-
diol (E2) and progesterone (P4). The primary outcome was the clinical pregnancy rate while the secondary outcome
was the chemical and ongoing pregnancy rate.

Results: Overall clinical pregnancy rate (CPR) is 298/1042 is 28.5%, chemical pregnancy rate (326/1042) 31.3%,

and ongoing pregnancy rate (167/615) 27.2%. Comparing clinically pregnant (n =298) and non-pregnant (n = 744)
showed, respectively, the following: age 28.76 £ 5.0, 28.85+5.18 (p =0.8); BMI 31.06 £ 5.9, 3245+ 5.9 (p =0.002);
infertility duration 4.17£3.2,4.6+ 3.5 (p=0.038); endometrial thickness 10.82+ 1.6, 10.13+2.06 (p =0.0001); and no.
of ET3.3541.5,3.1241.60 (p=0.035). The clinical pregnancy rate when vitrification was done on cleavage embryos
was 198/502 (39.4%), and when vitrification done on blastocyst stage 100/ 536 (18.7%) (P < 0.0001); endometrial prep-
aration: natural 72/240(29.1%), stimulated 204/680 (30.0%) replacement 17/90 (18.8%) (p =0.09); extended culture

of cleavage embryos to blastocyst stage: clinical pregnancy rate 116/194 (59.7%) chemical pregnancy rate 125/194
(64.1%), ongoing pregnancy rate 87/165 (52.7%) and non extended culture clinical pregnancy rate 182/848 (21.4%),
chemical pregnancy rate 201/848 (23.7%), and ongoing pregnancy rate 80/450 (17.7%) (P < 0.0001).

Conclusion: Top-quality ET, number of transferred embryos and extended culture of cleavage embryos to blas-
tocyst stage, cleavage embryos but not infertility duration, BMI, endometrial thickness, or hCG trigger of ovulation
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independently predict successful outcome in frozen cycle ET and extended culture of cleavage embryos significantly
improved clinical and chemical and ongoing pregnancy rates.

Keywords: Clinical pregnancy rate, Frozen ET, Cleavage embryos and blastocyst embryos

Background

Societal changes together with increasing opportunity
and welling to preserve fertility had extended the indi-
cations of assisted reproduction technologies (ART).
This in association with great evolutions in embryo
cryopreservation had re-framed the therapeutic field
in infertility management [1]. The first reported human
pregnancy as a result of a cryopreserved embryo was in
1983 while in 1984 the first live birth from cryopreserva-
tion was reported [2, 3].

The great advances in vitrification techniques increased
the capability to perform elective freezing of the whole
embryos which will be transferred in the next cycles [4].
This was firstly indicated in high responders for fear of
the development of ovarian hyperstimulation syndrome
(OHSS) [5]. Controlled ovarian stimulation (COS) was
hypothesized to cause endometrial disturbance and
embryo-endometrial asynchronization that led to a sug-
gestion of practicing a liberal utilization of elective fro-
zen embryo transfer (eFET) by a lot of fertility clinics to
decrease the development of OHSS besides enhancing
the outcome of IVF/ICSI cycles [6, 7]. As declared by the
US Centre for Disease Control and Prevention, the per-
centage of frozen embryo transfer (FET) following freez-
ing all cycles was 20% at 2005 and escalated to 50% in
2014 with a concomitant decrease in fresh ET [8]. It was
postulated that elective frozen embryo transfer (eFET)
will be considered as the gold standard maneuver in IVF/
ICSI programs [9]. This suggestion was dependent mostly
upon evidence from observational data and minimal ran-
domized trials. In agreement with this, Roque et al. (2013)
reported that elective frozen embryo transfer (eFET) was
introduced pre-termly as a new line of treatment in IVF/
ICSI programs without sufficient randomized controlled
trials [1]. The conventional slow freezing technique was
associated with a lower success rate in spite of the many
trials to enhance the procedure encompassing improved
cryoprotectants, adjusting time, rate, and cooling devices
[10]. This was possibly attributed to change of a liquid
embryo or oocyte to a solid state with the formation of
ice intracellular leading to cellular morphological distur-
bance [10]. A shift to vitrification from slow freezing was
noticed in the past years that entailed the suspension of
embryos in a glass-like state after ultrarapid freezing with
cryoprotective additives at higher concentrations [11].
The advantages of this turnover is that vitrification causes
a reduction in ice nucleation and crystals formation [12],

an increase of embryo cryo-survival together with a more
better clinical pregnancy and live birth rates [13-15].
These advantages were behind the conclusion that vitri-
fication is more effective than slow frozen methods irre-
spective of embryo stage whether cleavage or blastocyst
stage [13].

Several factors were determined to affect the frozen ET
outcome: female age which inversely affects the outcome
[16], high and low BMI which were found to increase
miscarriage rate [17], the quality of embryos before freez-
ing as good quality associated with better survival and
elevated pregnancy rates [18], and regaining of cleavage
activity of the thawed embryos which is accompanied
with better outcome [19]. Also, a natural cycle regimen
was recommended for frozen ET in cases with ovulatory
and regular cycles with added advantages of avoiding
daily subcutaneous injection and being inexpensive [20].
Fragmentation of sperm DNA and the peri-implantation
serum progesterone level were considered among impor-
tant factors and it was recommended that future research
must be focused on those points [1]. It was found that
studying the role of the post thawed embryo culture was
insufficiently elucidated; while the studies on this issue
were focusing on the comparison of short culture for
3-5 h to overnight culture, the effect of extended cultur-
ing for 48 h of thawed cleavage embryos to blastocyst
stage on the outcome was not evaluated.

We aimed to evaluate the role of an extended culture of
post-thawed CSE to BSE among other independent vari-
ables as a predictor of cycle outcome in vitrified-thawed
ICSI cycles using binomial logistic regression (BNLR).

Materials and methods

Study design

This is a retrospective cohort study of women who had
undergone ICSI-ET cycles in Mansoura Integrated Fertil-
ity Centre (MIFC) in Mansoura, Egypt, during a period
from 2014 to 2017. The inclusion criteria used in the
study were vitrified-thawed ET cycles after ICSI treat-
ment. The exclusion criteria used in the study were
women with Natural cycles, those undergone fresh ET
cycles, and cases with non-top-quality embryos. A total
of 1042 consecutive cycles of vitrified-thawed ET ful-
filling inclusion and exclusion criteria were reviewed.
The following parameters were included: female age at
vitrification, female BMI, duration of infertility, cause
and type of infertility, endometrial thickness, number
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of transferred embryos, embryo stage at vitrification,
embryo quality (top or non-top), endometrial prepara-
tion, embryo culture, and ovulation triggering. The crite-
ria of male gametes were not included because all types
of sperm sources (ejaculate, epididymal aspirate, or tes-
ticular biopsy) vield similar fertilization, cleavage, and
cycle outcome) [21]. Nor does the state of male gamete
whether fresh or frozen affect ICSI outcome [22]. The
primary outcome was determining the independent
predictors of clinical pregnancy with visible heart rate
employing BNLR. Secondary outcome measure was the
effect of extended culture on chemical and ongoing preg-
nancy rates.

Embryo grading and selection for vitrification

Following fertilization and the transfer of fresh embryos
on either day 3 or day 5 after oocyte retrieval, the
remaining top-quality embryos were selected for vitri-
fication (all embryos in freeze-all cases). Embryos were
assessed in accordance with Istanbul’s Consensus [23].
Day 3 embryos were assessed as Top-quality as follows:
a number of blastomeres 7—8 cells of proper size, <20%
fragmentation, the presence of an integrated zona pellu-
cida, and no vacuoles and no multiple nuclei. Grading for
day 5 blastocysts is based on the assessment of blastocoel
expansion, inner cell mass (ICM), and trophectoderm
(TE) appearance.

Vitrification procedure of the selected embryos

Day 3 and day 5 embryos were frozen using a Vitrification
Freezing Kit (Kitazato, Japan). Selected embryos were
removed from cleavage medium to equilibrium solution
(ES: 7.5% ethylene glycol (EG) and 7.5% dimethyl sulfox-
ide (DMSO) at room temperature) for 6-12 min (time
was defined by the re-expansion of the embryos) and
then transferred into vitrification solution (VS: 15% EG,
15% DMSO and 0.5 M sucrose) for 60-90 s. The excess
VS solution was removed to leave just a thin layer sur-
rounding each embryo on the Cryo-top straw (Kitazato,
Japan) and was immediately plunged into liquid nitrogen
at—196 °C.

Endometrial preparation

Natural cycles were used for ovulatory cases which were
monitored by transvaginal ultrasound (TVS) starting on
the 10" day of the cycle and then every other day until
the leading follicle reached 18-20 mm, endometrial
thickness at least 8 mm; when ovulation was triggered by
10,000 IU hCG IM (Choriomon®, IBSA, Switzerland) or
is checked by measuring urinary LH. Thawing of frozen
embryo was scheduled for transfer after 5 days for cleav-
age ET and 7 days for blastocyst ET and considering hCG
injection day or LH detection as day zero. In stimulated
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cycles we employed oral ovulatory drugs; antiestrogens
(50 mg clomiphene citrate oral tablet (Clomid®, Sanofi
Aventis, France) twice daily for 5 days starting on 3rd
day of cycle), or aromatase inhibitors ((Letrozole 2.5 mg
oral tablet (Femara®, Novartis, Switzerland)) twice daily
for 5 days starting on the 2™ day of cycle) with or with-
out sequential hMG (Menopur, Ferring, Spain); (75 IU
daily subcutaneous started on day 8 till the leading fol-
licles reached 15 mm); to achieve endometrial estrogenic
stimulation through endogenous production of estrogen
by growing follicles. When leading follicle(s) reached
18-20 mm ovulation was triggered by exogenous uri-
nary hCG 10,000 IU IM (Choriomon®, IBSA, Switzer-
land). Timing of ET was scheduled in the same way as
mentioned above with natural cycles. The replacement
regimen consisted of estradiol valerate 2 mg oral tablet
(Progynova®, Bayer Schering, Germany) twice daily for
5 days starting on the day 3 of the cycle, then 2 mg three
times daily for 5 days. Endometrial thickness was meas-
ured by TVS on the 10th day of the cycle. When at least
8 mm thickness was achieved, progesterone was added
to estrogen. We used progesterone 100 mg IM (Pron-
togest®, IBSA, Switzerland) daily or vaginal progesterone
400 mg suppository (Cyclogest®, Actavis, UK) daily plus
2 mg estradiol valerate oral tablet (Progynova®, Bayer
Schering, Germany) twice daily for 3 days for cleavage ET
or 5 days for blastocyst ET.

Embryo transfer procedure

Timing of ET

Timing of ET was scheduled by HCG triggering of ovula-
tion or monitoring spontaneous ovulation by the utiliza-
tion of both transvaginal ultrasound and ovulation kits.

Thawing

The inner straw was removed from liquid nitrogen
(LN2) and plunged directly in a large droplet (200 pl) of
TS media (thawing solution: 1 M sucrose) preheated to
37 °C. The embryo(s) were left in this media for 1 min on
a heated stage (37 °C), and then transferred into 100 pl
of DS media (dilution solution: 0.5 M sucrose) for 4 min.
Lastly, washing was performed twice each of 4 min in
100 pl WS media (Washing Solution: HEPES-buffered
solution of Medium-199 containing gentamicin sulfate
35 pg/mL HEPES and 20% DSS).

Culture

Cleaved embryos were cultured to blastocyst stages in a
cleavage medium (COOK Medical, Sydney, Australia).
Thawed CSE were cultured for 24—48 h to reach BSE.
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Grading of embryos

Grading of embryos was performed depending on the
criteria of top and non-top-quality embryos. Categoriz-
ing a top-quality embryo when it had 7-8 cells and frag-
mentation of less than 20% [24]. Damaged embryo was
diagnosed when not all but more than half of blastomeres
survived thawing. Dead embryo was considered when
less than half of blastomeres survived thawing and were
neglected.

Embryo transfer

Thawed embryos were transferred 5-7 days after hCG
trigger or LH result became positive in a natural or stim-
ulated cycle or 3-5 days of progesterone in replacement
cycles by using the blind tactile method described previ-
ously [25] or ultrasound-guided transfer.

Luteal support

Vaginal progesterone suppository 400 mg/day (Cyc-
logest®, Actavis, UK) or IM progesterone 100 mg/day
(Prontogest®, IBSA, Switzerland) was used. Luteal sup-
port in natural and stimulated cycles was started on ET
day whereas, in the replacement cycle, progesterone
was started when endometrial thickness under estrogen
priming reached at least 8 mm and after 3—5 days of P4
treatment thawed embryos were transferred. luteal sup-
port was continued for 2 weeks after ET. In pregnant
cases, luteal support was continued until 10-12 weeks of
pregnancy.

Successful endpoint
Successful endpoint was a clinical pregnancy which
was defined by an existence of a gestational sac with
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visible cardiac pulsations by transvaginal ultrasound at
6 weeks of pregnancy (2 weeks after positive pregnancy
test).

Statistical analysis

It was achieved by the IBM statistical Package for the
Social Sciences software package, version 20. Signifi-
cance was considered when P * 0.05. For normally dis-
tributed quantitative data comparison between means
was done using a two-tailed Student ¢-test and for
comparing proportions, we used chi-square test (y%).
In order to assess the predictive value of the different
independent variables shown in the results to be sig-
nificantly different in pregnant and nonpregnant out-
comes (Tables 1 and 2) which include BMI, infertility
duration, endometrial thickness, use of hCG ovulation
trigger, number of transferred embryos, vitrification
day 3 or 5, extended culture, and the ratio of top-qual-
ity embryos transferred. Since cycle outcome is a quali-
tative variable (pregnant or nonpregnant) a binomial
logistic regression model (BNLR) was chosen using
enter method. We noticed collinearity between the vit-
rification stage and extended culture of thawed CSE
and excluded the verification stage from independent
predictors. The model was statistically significant, Chi-
square (8 df)=61.45, P=0.000. The model explained
29.2% (Nagelkerke’s R?) of the variance and correctly
predicted 77% % of the cases. The model performance
was assessed by the Hosmer and Lemeshow test
(Table 3) indicating goodness-of-fitness of the model
with p=0.358 (>0.05) which means good performance
with an absence of a high degree of correlation.

Table 1 Comparison of characteristic features of pregnant and non-pregnant groups

Variable Pregnant group =298 Non-pregnant group =744 P value
Age® 2876 £5.0 28.85+£5.18 0.8
BMI® 31.06£59 3245+£59 0.002
Infertility duration® 417432 46435 0.038
Type of infertility®
Primary 160/553(28.5%) 393/553 (71.5) 0.16
Secondary 120/480(25%) 360 /480) (75%)
Infertility cause®
Male 125/465 (26.8%) 340/465 (73.2) 0.91
PCOS 35/129(27.2) 94/129 (72.8)
Unexplained 35/139(25.2) 104/139 (74.8)
Endometrial thickness® 1082+1.6 10.13£2.06 <0.0001
No. of embryos Transferred? 335+£15 3124160 0.035

2 Data are presented as mean = SD and were assessed using t test
b Data are presented as numbers (percentage)
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Table 2 Rate of clinical pregnancy with different vitrified-
thawed cycle parameters

Variable® Rate of pregnancy Odds ratio (95% P value
n (%) @)
Embryo vitrification stage
CSE 198/502 (39.44%) 2.1(1.6-2.8) 0.001°
BSE 100/536 (18.66%)
Embryo quality
Top QET 216/684 (31.5%) 63.31(3.899-1028)  0.0001°
Non-top Q ET 0/68 (0%)
Endometrial preparation
Natural 70/240 (29.1%) 0.09%
Stimulated 204/680 (30.0%)
Replacement 17/90 (18.8%)
Culture use
CSE to BSE aa=544 0.0001°
a-Clinical PR~ 116/194 (59.7%) ~ (3:89-7.60)
, b:b=58(4.1-8.1)
b- Chemi- 125/194(641%)  ¢c=47(3.1-70)
cal PR
c-Ongoing PR (87/165) (52.7%)
Non-Culture
a- Clinical PR 182/848 (21.4%)
b- Chemi- 201/848 (23.7%)
cal PR
c-Ongoing PR 80/450 (17.7%)
Ovulation Triggering by HCG
Yes 212/610 (34.7%) 245(1.78-3.34) 0.0001°
No 66/370 (17.8%)
CSE Cleavage stage embryo, BSE Blastocyst stage embryo
2 Data are presented as numbers (percentage)
$ Were assessed using Fisher's exact test
%% Were assessed using chi-square test
Table 3 Hosmer and Lemeshow test
Step Chi-square df Sig
1 8.821 8 0.358
Results

This study included 1042 consecutive cycles of vitrified-
thawed ET. The overall clinical pregnancy rate (CPR) was
298/1042 (28.5%), chemical PR (326/1042) 31.3%, ongo-
ing PR (167/615) 27.2%. As shown in Table 1, Compar-
ing pregnant group (n=298) and non-pregnant (n=744)
showed respectively; mean age was not significantly dif-
ferent [ 28.76 £5.0, 28.85+5.18 and P=0.8]. BMI signifi-
cantly lower in pregnant group [31.06+5.9, 32.45+5.9
and P=0.002]. The duration of infertility significantly
lower in pregnant group [4.17 3.2, 4.6 £ 3.5 respectively
and P=0.038]. The pregnant group had significantly
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higher endometrial thickness [10.82+1.6, 10.13+£2.06
and P=0.0001]. Regarding number of transferred
embryos, a significantly higher number was transferred
in pregnant group [3.35+1.5, 3.12+1.60 and P=0.035]
(Fig. 1).

Table 2 show the effect of different vitrified-thawed
cycle parameters on cycle outcome. As regard embryo
stage at vitrification, pregnancy rate was significantly
higher with CSE compared with BSE (CSE=198/502
(39.4%) and BSE=100/536 (18.7%), P=0.001). Top-qual-
ity embryos showed a significantly higher pregnancy rate
compared to non-top-quality embryos 216/684 (31.5%),
0/68 (0%), respectively (P=0.001). Regarding endome-
trial preparation pregnancy rates were as follows: natural
cycles 70/240 (29.1.%), stimulated cycles 204/680 (30.0%),
and replacement cycles 17/90 (18.8%). The difference was
statistically insignificant (P=0.09). Regarding utilization
of extended culture, with extended culture of CSE to BSE
clinical pregnancy rate was 116/194 (59.7%), chemical
PR 125/194 (64.1%), ongoing PR 87/165 (52.7%) while
without culture the corresponding values were respec-
tively 182/848 (21.4%), 201/848 (23.7%), and ongoing
PR 80/450 (17.7%); these differences were highly signifi-
cant P="0.0001. When hCG triggering of ovulation was
used pregnancy rate was 212/610 (34.7%) while non-hCG
was 66/370 (17.8%) and thes difference was highly sig-
nificant (P="0.001). Table 4 compared frozen cleavage
and blastocyst transfer. There were no significant differ-
ences in cycle features nor in cycle outcome apart from
significantly shorter infertility duration in blastocyst
reflecting tendency towards younger age. BNLR model
output (Table 5) was statistically significant, chi-square
(8 DF)=61.46, P=0.000. The model explained 29.29%
(Nagelkerke R2) of the variance and correctly predicted
outcome in 77% of the cases. The Wald criterion demon-
strated that top-quality grade embryo, extended culture
and number of embryos transferred independently pre-
dict positive clinical outcome (P “ 0.05) but endometrial
thickness, hCG ovulation triggering, infertility duration,
and BMI did not predict (P~ 0.05)).

Discussion

Improvements in vitrification protocols have enabled
elective freezing of all embryos, followed by transfer in a
subsequent cycle, also known as elective frozen embryo
transfer (eFET), ‘freeze-all, deferred ET or cycle seg-
mentation [4]. Nowadays, assisted reproduction prac-
tice considers vitrified-thawed embryos to be an integral
part in IVF/ICSI cycles. This is owing to overwhelming
shift towards elective single ET and the expected bet-
ter outcome when the embryo is transferred to the pre-
pared endometrium to have a physiologic hormonal
environment. However, a recent systematic review and



Albahlol et al. Middle East Fertility Society Journal (2022) 27:13

Page 6 of 10

1042 consecutive
cycles of vitrified-
Thawed ET
Blastocyst stage Cleavage stage
(n=100) LB DT (n=198)
Top Quality ET Non—T(E)TQuahty
(n=216) (n=68)
Bl Cultured to Non cultured
astocyst stage =182)
(n=116) @=
Yes No
(n=212) (n=66)
Fig. 1 Consort of allocated cycles

meta-analysis [4] and a prospective cohort study [26]
concluded that there are currently no clinical data sup-
porting the indiscriminate use of elective frozen embryo
transfer (eFET) for all patients submitted to IVF/ICSI.
Based on the available randomized controlled trials
(RCT), it seems appropriate to implement this strategy

Table 4 Comparison of blastocyst and cleavage transfers in
frozen cycles

Parameter Blastocyst ET  Cleavage ET  Pvalue
n=688 n=344

Female age (years)? 28.79+5.12 2890+5.19 0.751

Female BMI? 31.79+£5.679 32.55+£6.506 0.08

Infertility duration 43643346 489+3772 0.03

(years)?

Endometrial thickness 1035+1.97 10314£1.92 0.77

(mm)®

Total number of embryos 326+16 3.16+161 03

(n)?

Clinical pregnancy rate 202/688 (29.3%) 92/344 (26.7%) 043

(%)°

2 Data are presented as mean 4 SD and were assessed using t-test

b Data presented as numbers (percentage) and were assessed using Fisher’s
exact test

in patients at risk of OHSS, in hyper-responders, and
in those undergoing preimplantation genetic testing for
aneuploidy (PGT-A) at the blastocyst stage [4, 26]. In our
own practice, we follow this conclusion and segmented
or freeze all ICSI practice accounts for only 15% of cases
(unpublished data). Most of our frozen embryo transfer
(FET) cycles are cases with frozen transfer following pre-
vious fresh transfer. The study clarified that the predic-
tors of successful outcome in vitrified-thawed ICSI cycles
were top-quality embryos, number of embryos trans-
ferred, and extended culture of post-thawed cleavage
embryos (CSE to BSE). Although we found that endome-
trial thickness, timing ET by hCG triggering of ovulation,
wife’s BMI, and infertility duration are significantly differ-
ent in pregnant and pregnant outcome (Tables 1 and 2),
yet however these variables are not independently pre-
dictive of outcome of FET cycle as proved by the BNLR
model. This comes in partial agreement with the study of
Veleva et al. [27] who found that predictors of FET were
top-quality embryo and the number of embryos trans-
ferred and unlike our study, they found that endometrial
preparation protocol and BMI also independently pre-
dicted live birth in FET [27]. The variance between our
study and that of Velva et al. [27] regarding BMI as an
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Table 5 Binomial logistic regression output
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B S.E Wald df Sig Exp(B) 95% C.1. for EXP(B)
Lower Upper
Step 12
Female BMI —0.024 0.025 0.854 1 0355 0977 0.929 1.027
Infertility duration —0.035 0.050 0479 1 0.489 0.966 0.875 1.066
Endometrial thickness —0.111 0.067 2.702 1 0.100 0.895 0.784 1.022
Top-quality embryos 1.138 0.437 6.775 1 0.009 3.121 1.325 7.353
hCG trigger —-0314 0315 0.992 1 0319 0.731 0.394 1.355
Total ET 0.567 0.259 4.780 1 0.029 1.763 1.060 2932
Extended culture 2369 0.393 36333 1 0.000 10.691 4.948 23.101
Constant —1.503 1.350 1.240 1 0.265 0.222

2Variable(s) entered on step 1: female BMI, infertility duration (years), endometrial thickness, embryos grade, hCG trigger, and total ET (cultured and non-cultured)

independent predictor of FET outcome is that our study
primary outcome measure was clinical pregnancy with
visible cardiac activity while that of Velva et al. [27] was
live birth rate. It is known that higher BMI is associated
with more early pregnancy loss [27, 28]. The number of
embryos transferred an independent predictor of a suc-
cessful outcome in frozen ET cycles which came in agree-
ment with those reporting the transfer of 2 embryos in
frozen cycles was associated with a better outcome [27,
29, 30]. In contrast, other recommended transfer of a
single high-quality vitrified-thawed embryo is exactly
similar to the strategy of elective single ET in fresh cycles
[31]. Among the determinant factors of the frozen ET
outcome was the female age which affect inversely the
outcome [16, 29, 32]. In our FET study we did not find
a significant difference between pregnant and pregnant
cases agreeing with Ashrafi et al. who commented that if
we have enough good-quality eggs and embryos, the age
does not have an effect on pregnancy outcome.

In our results we found that endometrial preparation by
natural cycle or mild stimulation tended to have a better
outcome, chi-square, P=0.09, and hCG ovulation trig-
ger more significantly associated with improved outcome
(P<0.0001) compared with hormonal replacement and
no hCG ovulation trigger However BNLR model showed
that endometrial preparation protocol and hCG trigger of
ovulation are not independent predictors of pregnancy.
In agreement with us, a meta-analysis by Groenewoud
et al. and Cochrane systematic review declared no signifi-
cant difference between natural and stimulated cycles for
endometrial preparation, [8, 33].

Veleva et al. [27] found that overnight culture of thawed
embryos had no independent predictive effect on live
birth in variance with our results. The difference between
Veleva et al. and our study can be explained by the fact
that the culture in our study was for an extended time

(24-48 h) changing the embryo stage from cleavage stage
to blastocyst stage. Also, the study by Veleva et al. [27]
contained exclusively vitrified cleavage stage embryos
many of which were non-top-quality. Joshi et al. [34] in
a retrospective study of 518 FET found that overnight
culture of cleavage embryos resulted in an improved out-
come of the FET cycle if the embryo resumed cleavage
after thawing compared with embryos transferred within
2 h of thawing and those overnight culture that did not
resume cleavage. Eftekhar et al. [35] in a prospective
study of 134 FET found that blastocyst formation after
thawing of cleavage stage embryos was a good predic-
tor for embryo viability and pregnancy outcome giving
credence to our results. In this study, we found no sig-
nificant difference in cycle outcome between unselected
cleavage and blastocyst embryo transfer (Table 3). This
goes in agreement with the known observation that in
FET cycles unselected CSE or BSE offers similar repro-
ductive outcomes [36, 37]. This is in contrast with fresh
cycle transfers where there is near general agreement
with good evidence that BSE transfer is associated with
better cycle outcome [36, 37]. The essence of this differ-
ence is “embryo self-selection” to reach fresh BSE and in
frozen ET to allow cleavage embryo stage to self-select
and to reach BSE. This selection allows better synchrony
between blastocyst and endometrium.

To the best of our knowledge, this study is among the
few studies on the place of post thawing extended cul-
ture to 24—48 h among predictors of success in vitrified-
thawed ICSI cycles. One of the important findings in
the study is the positive role of culturing CSE to BSE on
cycle outcome. In agreement with our finding, regard-
ing the culture of post thawed embryos, Ziebe et al. [38]
proved that regaining cleavage potential is accompanied
by higher pregnancy and implantation rates and consid-
ered it as a sole criterion in selecting the best embryo
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for successful transfer and outcome. This finding was
also confirmed by several studies which reported that
the resumption of cleavage division after the overnight
culture is a crucial parameter to enhance pregnancy and
implantation rates [39, 40]. In favor of preference of blas-
tocyst ET, Tannus et al. in a study found poor outcomes
with fresh day 5 ET and reported significantly improved
outcomes on delaying fresh transfer and extend culture
until the achievement of a fully expanded blastocyst that
will be used in vitrified-thawed ET later on [41]. Con-
tradictory to our finding, a study of short (2-5 h) versus
long (18-24 h) post thawed culture period indicated a
higher implantation and live birth rate in short cultured
embryos and attributed this to exposure of embryos to
more culture stress in long period [42]. However, this
study by Rato et al. [42] spanned a long period and used
slow freezing rather than ultra-rapid freezing (vitrifica-
tion) which is used in our study. Guo et al. [43] searched
the effect of post-thawed culture for 2-4 h or 20-24 h
on the frozen cycle outcome (using vitrification rather
than slow freezing) and showed no significant difference
between both groups. Although Veleva et al. and Agha-
Rahimi et al. concluded that no benefit of overnight
culture on the cycle outcome and attributed this to the
non-improvement of the quality of embryo with culture,
nevertheless, they reported that it facilitated the best
embryo selection to be transferred. Also, Veleva reported
an important confounder in his study which was signifi-
cantly higher implantation rate with D3 top-quality ET
in relation to D2 top-quality ET, this was not the same
with non-top-quality embryos and recommended fur-
ther research to clarify such issue [27, 44]. This actually
was answered in this study that documented the role of
extended culture of cleaved embryo to blastocyst stage
in improving frozen cycle outcome. The available culture
systems provide embryos with environment similar to
physiological situations.

Among merits of this study, it was among few stud-
ies which investigated the role of extended post-thawed
culture of cleavage embryo to blastocyst stage and
demonstrated a definite role in a successful outcome in
vitrified-thawed cycles. Despite it being a retrospective
study, it was a single-center long experience with a con-
siderable number of included studied cycles beside lim-
ited heterogeneity of the studied group that added to
the strength of the results. Limitations were non-inves-
tigations of possible other predictors like, role of smok-
ing, number of retrieved oocytes, and socioeconomic
status of participants, also since our center is a refer-
ral center; details of live births and take-home baby
rates were not available, besides it was a retrospective
and single-center study. So, we recommended further
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prospective multicenter works to confirm the results
and investigate other factors.

Conclusion

Top-quality ET, number of transferred embryos, and
extended culture of cleavage stage embryo to blastocyst
stage embryo independently predict a successful out-
come in frozen-thawed ET cycles.
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