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Abstract: The latest reports suggest that it is better to transfer embryos to the uterus on day five
of preimplantation development compared to other days of development, but it is not clear if this
stands when there are only one-two embryos obtained in the cycle. Therefore, to address this issue,
we performed a retrospective study of such cycles. Our study included all of the stimulated IVF/ICSI
cycles performed at our institution in the period between 1 January 2004 and 31 December 2018 in
which one-two embryos were obtained in the IVF/ICSI cycle and met our inclusion criteria, and
we compared the data between day three and day five embryo transfer (ET). The analysis revealed
that the day three ET group of patients was significantly older (p < 0.001), were administered a
significantly higher dose of gonadotrophins (p = 0.015), and retrieved a lower mean number of
aspirated oocytes per cycle (p < 0.001) and lower mean number of embryos (p < 0.001). The birth rate
per ET was significantly higher in the day five ET group (p = 0.045) and further analysis indicated
that this could be due the trend observed in a group of patients under 36 years old, while in older
patients there was no such difference. To conclude, our retrospective study indicates that it might be
better to perform ET on day five instead of day three when there are only one-two embryos obtained
in the cycle, but probably only when patients are under 36 years old.

Keywords: embryo transfer; blastocyst; cleavage stage embryo; birth rate; embryo development

1. Introduction

The debate concerning which developmental stage of embryos or the day of preimplan-
tation development is most optimal for embryo transfer (ET) to the uterus is still ongoing.
Many studies and even meta-analyses have been conducted, but the conclusions are still
too often contradictory. For instance, a retrospective study from 2017, which was combined
with meta-analysis, showed improved cumulative pregnancy and live birth rates for day
5/6 ETs compared to day 2/3 ETs, although the difference was not significant [1]. Neverthe-
less, this study suggested that day 5/6 ET is more cost-effective and time efficient. Similar
was suggested by Cochrane meta-analysis [2] where higher birth and clinical pregnancy
rates after fresh blastocyst ET compared to cleavage stage ET were observed. Furthermore,
this study suggested that cumulative pregnancy, multiple pregnancies, and miscarriages
are similar no matter on which day ET is performed. On the contrary, another meta-analysis
from 2017 [3] suggested there is no significant difference in live birth/ongoing pregnancy,
clinical pregnancy, cumulative pregnancy and miscarriages between different ET days.
Furthermore, a meta-analysis by Alviggi et al. [4] suggested a higher incidence of preterm
and very preterm births after fresh blastocyst transfer compared to cleavage-stage embryo
transfer, although there were fewer small for gestational age deliveries after fresh blastocyst
transfer. Similar conclusions were drawn in the latest meta-analyses. For example, it was
suggested that blastocyst transfer is associated with a higher risk for large for gestational
age and also with preterm birth [5,6], and that stands for fresh and frozen ETs [5]. Further-
more, as it was suggested in the previously mentioned meta-analyses, the latest data also
suggest that single blastocyst transfer results in higher clinical and ongoing pregnancy rates
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and delivery rates, but there is no difference in the miscarriage rate, multiple pregnancy
rate and ectopic pregnancy rate [7]. On the other hand, when cleavage stage embryo
transfer is performed, there seems to be more cryopreserved embryos at this stage, as they
are at the blastocyst stage [7]. In summary, these meta-analyses suggest that blastocyst
transfer is more successful than cleavage stage ET, although these studies do not take into
consideration whether there is any difference regarding the number of retrieved oocytes at
aspiration or the number of obtained embryos. For instance, it was recently shown that
blastocyst transfer leads to higher clinical pregnancy rates compared to cleavage stage
embryo ET if six or more zygotes are obtained, otherwise there is no difference [7]. While
this is very informative, it still does not answer the question of when it is better to transfer
embryos if there is only one or two obtained. This is important from the perspective that
blastocyst transfer enables the selection of embryos that seem to have better potential
for further development, but this is possible only when a higher number of embryos are
obtained. If there is only one or two embryos, additional selection is not possible, therefore
the question arose if it is better to put embryos back into in vivo conditions into the uterus
as soon as possible or there is no harm if they are cultured for an extended time in vitro.
As we face this dilemma in clinical practice frequently, and the data in literature is scarce,
we performed this retrospective analysis of cycles performed at our institution where only
one or two embryos were obtained. To determine which day of ET is more efficient in our
conditions, we begin with analyzing the correlations of the variables and then divide the
cycles according to the day of ET and compare the outcomes between these two groups in
terms of oocytes, embryos, pregnancy and live birth rate, gestational age and birthweight.

2. Materials and Methods

This retrospective study was carried out at the Department of Human reproduction,
Division of Obstetrics and Gynecology, University Medical Centre, Ljubljana. At the begin-
ning, we included all of the stimulated IVF/ICSI cycles performed in the period between
1 January 2004 and 31 December 2018 where only 1 or most 2 embryos were obtained after
conventional IVF or ICSI procedure. Then, to obtain the IVF/ICSI cycles to perform the
statistical analysis, we excluded: cycles with oocyte donation, cycles with oocyte thawing,
cycles where testicular sperm was used for ICSI, cycles with preimplantation genetic testing,
cycles with ET on cleavage day 2 and freeze-all cycles. Most of the included patients had a
low response (73.4% of them had 5 or less retrieved oocytes). First, we statistically analyzed
all of the cycles together and then further divided the cycles in two groups: cycles with
embryo transfer (ET) at cleavage stage on day 3 (day 3 ET group) and cycles with ET at
blastocyst stage on day 5 (day 5 ET group). As the correlation analysis showed that the
age of the patients is strongly correlated with the ET outcome and the day 3 ET group
and day 5 ET group had significantly different patient mean ages, we further analyzed the
data for the most important variables according to the age of the patients. Therefore, we
separately analyzed the data for the group of patients less than 36 years old and for the
group of patients older than 35 years (up to 43 years).

This was a register-based study in which all of the participants signed individual
personal approval and permission before starting the treatment and did not have to be
notified in the Ethics Committee according to Slovene law, (Personal Data Protection Act,
Official Gazette of the Republic of Slovenia No 94/07, 2004). Additionally, by our law, we
are obligated to collect the data concerning assisted reproduction procedures and monitor
the success rates (Healthcare Databases Act, Official Gazette of the Republic of Slovenia
No 65/00, 2000; No 47/15, 2015; 31/18, 2018).

The data were analyzed with the Statistical Package for the Social Sciences software
(SPSS, version 21, IBM, Armonk, NY, USA). To determine the correlations between the
variables, a Pearsons correlation test was performed. To determine the differences between
the groups, the obtained data were analyzed using the Pearson’s chi-square test, Fisher’s
exact test and Student t-test. For a statistically significant difference, a p value of less than
0.05 was determined.
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3. Results

We retrospectively analyzed the outcome of IVF/ICSI cycles where there were only
one or two embryos obtained and compared the outcomes regarding to the day of embryo
transfer, on day three at the cleavage stage or on day five at the blastocyst stage, respectively.
Altogether, 2658 stimulated IVF/ICSI cycles met our inclusion criteria. The correlation
analysis (Table 1) revealed several correlations depending on the day of embryo transfer.
Of the main outcomes, the day of embryo transfer was negatively correlated with the age
of the patient (p < 0.001) and with the dose of administered gonadotrophins (p = 0.015),
and positively correlated with the number of aspirated oocytes (p < 0.001), the number of
embryos (p < 0.001) and the number of births (p < 0.001). Furthermore, the age of the women
was revealed as a very important factor, as, among other differences, it was significantly
negatively correlated (p < 0.001) with the pregnancy and birth rates. When only cycles
where singletons were born were analyzed using correlation, there were no correlations of
the gestational age and birthweight of singletons with the other variables; only gestational
age was strongly correlated with birthweight (Table 2).

When we analyzed the data according to the day of embryo transfer (cleavage stage
day three (day three ET group) vs. blastocyst stage day five (day five ET group), it was
revealed that most of the ETs were performed at the cleavage stage (72.5%). When the
outcomes of these two approaches were compared, some statistically significant differences
were revealed, as already indicated by the correlation analysis. The detailed outcomes
of this analysis are presented in Tables 3 and 4. Briefly, if the most important variables
are described, it was revealed that the day three ET group of patients was significantly
older (36.0 ± 4.4 vs. 35.1 ± 4.5; p < 0.001), were administered a significantly higher dose
of gonadotrophines (2228 ± 911 IE vs. 2133 ± 860 IE; p = 0.015), although this resulted in
a significantly lower mean number of aspirated oocytes per cycle (4.3 ± 3.2 vs. 4.8 ± 2.8;
p < 0.001), p = 0.002) and lower mean number of embryos (1.5 ± 0.5 vs. 1.6 ± 0.5; p < 0.001).
Interestingly, the rate of the specific causes of infertility was mostly similar, although there
were significantly more couples where both partners had a known factor of infertility in the
day five ET group (39.8% vs. 45.1%; p = 0.012). A significant difference was also observed
when the most important outcome was analyzed, while it was shown that the birth rate
per ET was significantly higher when the embryos were transferred on day five (13.8% vs.
16.8%; p = 0.045).

Table 1. Pearson correlation coefficients (r) between evaluated parameters for all cycles together
are presented. A p-value of < 0.05 was considered statistically significant (* p < 0.05; ** p < 0.01;
*** p < 0.001).

Age of
Patients

Gonado-
Trophines

Dose

Number of
Aspirated
Oocytes

Number of
Immature
Oocytes

Number
of

Embryos

Number of
Transferred

Embryos

Day of
Embryo-
Transfer

Pregnancy Births
Number of

Born
Children

Age of patients 1

Gonado-trophines
dose 0.258 *** 1

Number of
aspirated oocytes −0.235 ** −0.087 *** 1

Number of
immature oocytes −0.155 *** −0.092 *** 0.715 *** 1

Number of
embryos −0.070 *** −0.028 0.247 *** 0.045 * 1

Number of
transferred

embryos
0.035 0.011 0.152 *** −0.011 0.788 *** 1

Day of
embryo-transfer −0.086 *** −0.047 * 0.070 *** 0.059 ** 0.122 *** −0.008 1

Pregnancy −0.107 *** −0.064 ** −0.009 −0.035 0.112 *** 0.110 *** 0.024 1

Births −0.139 *** −0.069 *** −0.007 −0.047 * 0.091 *** 0.092 *** 0.039 * 0.799 *** 1

Number of born
children −0.075 0.053 0.047 −0.088 0.203 *** 0.273 *** −0.008 0.016 0.016 1
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Table 2. Pearson correlation coefficients (r) between evaluated parameters only for cycles with
singletons born. A p-value of < 0.05 was considered statistically significant (* p < 0.05; ** p < 0.01;
*** p < 0.001).

Age of
Patients

Gonado-
Trophines

Dose

Number
of

Aspirated
Oocytes

Number of
Immature
Oocytes

Number
of

Embryos

Number of
Transferred

Embryos

Day of
Embryo-
Transfer

Gestational
Age

Birth
Weight

Age of
patients 1

Gonado-
trophines

dose
0.277 *** 1

Number
of

aspirated
oocytes

−0.066 −0.044 1

Number of
immature

oocytes
−0.040 −0.092 0.548 *** 1

Number
of

embryos
−0.021 0.062 0.327 *** 0.059 1

Number of
transferred

embryos
0.114 * 0.063 0.237 *** 0.004 0.763 *** 1

Day of
embryo-
transfer

−0.115 * −0.056 0.152 ** 0.140 ** 0.124 * −0.038 1

Gestational age 0.020 −0.029 0.067 −0.005 0.084 0.079 −0.059 1

Birth weight 0.070 −0.017 0.059 −0.019 0.045 0.072 −0.018 0.782 *** 1

Table 3. Basic characteristics of patients included into study. Significant differences are marked with
* (p < 0.05).

Day 3 ET Group Day 5 ET Group p-Value

Number of cycles/ETs 1927 731

Mean age of patients (±SD) 36.0 ±4.4 35.1 ±4.5 <0.001 *

Tubal factor of infertility 97 (5.0%) 34 (4.7%) 0.680

Endometriosis 86 (4.5%) 22 (3.0%) 0.090

Endocrine factor of infertility 63 (3.3%) 20 (2.7%) 0.480

Uterine causes of infertility 98 (5.1%) 41 (5.6%) 0.590

Cervical causes of infertility 14 (0.7%) 3 (0.4%) 0.361

Combined factors of female infertility 218 (11.3%) 75 (10.3%) 0.439

Male and female factor of infertility 766 (39.8%) 330 (45.1%) 0.012 *

Male factor of infertility 453 (23.5%) 150 (20.5%) 0.100

Unexplained infertility 132 (6.9%) 56 (7.7%) 0.467

Mean gonadotrophine dose in
stimulated cycles (±SD) 2228 ± 911 2133 ± 860 0.015 *
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Table 4. The outcome of cycles with only 1 or 2 embryos available for ET. Significant differences are
marked with * (p < 0.05).

Day 3 ET Group Day 5 ET Group p-Value

Number of cycles/ETs 1927 731

Number of aspirated oocytes (mean number ± SD) 8285 (4.3 ± 3.2) 3503 (4.8 ± 2.8) <0.001 *

Number of immature oocytes (mean number ± SD) 1877 (1.0 ± 1.6) 870 (1.2 ± 1.7) 0.002 *

Number of polyploidies (mean number ± SD) 355 (0.2 ± 0.5) 165 (0.2 ± 0.6) 0.080

Number of zygotes 3047 1265

Number of embryos (mean number ± SD) 2869 (1.5 ± 0.5) 1188 (1.6 ± 0.5) <0.001 *

Mean number of transferred embryos 1.4 ± 0.5 1.4 ± 0.5 0.680

Number of pregnancies (% per ET) 395 (20.5%) 166 (22.7%) 0.212

Miscarriages per pregnancy 125 (31.6%) 41 (24.7%) 0.100

Ectopic pregnancies 5 (1.3%) 2 (1.2%) 1

Births 265 (13.8%) 123 (16.8%) 0.045 *

Twins 25 (9.4%) 11 (8.9%) 0.888

Mean gestational age (including twins’ births) 38.7 ± 2.8 38.3 ± 2.7 0.224

Mean gestational age for singletons 38.9 ± 2.6 38.6 ± 2.6 0.272

Mean birthweight of singletons (g) 3217 ± 644 3191 ± 680 0.737

As the correlation analysis showed that the age of the patients is strongly correlated
with the ET outcome and the day three ET group and day five ET group had significantly
different patient mean ages, we further analyzed the data for the most important variables
according to the age of the patients. Therefore, we separately analyzed the data for the
group of patients less than 36 years old and for the group of patients older than 35 years
(up to 43 years). For the younger group, the results revealed (Table 5) that the only strong
significant difference is in the number of embryos per cycles, which was higher in the day
five ET group (1.5 ± 0.5 vs. 1.6 ± 0.5; p < 0.001). The results also indicated a weak trend
for a higher rate of births per cycle in the day five ET group (18.0% vs. 22.3%; p = 0.075).
The other tested variables (mean age of patients, mean number of aspirated oocytes, mean
number of immature oocytes, mean number of transferred embryos, pregnancy rate, and
twins’ rate) showed no significant difference. On the other hand, in the group of patients
older than 35 years, different results were obtained. There was no significant difference in
the mean number of transferred embryos, pregnancy rate, miscarriage rate, birth rate, and
twins rate, although there was a significantly higher number of aspirated oocytes (3.8 ± 2.6
vs. 4.1 ± 2.4; p = 0.012), number of immature oocytes (0.8 ± 1.3 vs. 1.0 ± 1.3; p = 0.013) and
number of embryos per cycle (1.5 ± 0.5 vs. 1.6 ± 0.5; p < 0.001) in the day five ET group.

Additionally, we checked whether there is any difference in the cycle outcome accord-
ing to the number of embryos transferred in uterus and the day of embryo transfer (Table 6).
Not all of the obtained embryos were transferred in all of the cycles. In some cases, one em-
bryo was transferred, despite two being obtained, because this was the couple’s first cycle,
or the patient was young, there was a medical indication, or on the patient’s request. When
cycles with the same number of transferred embryos were compared, no differences in the
pregnancy, miscarriage, birth and twins rates were observed. As expected, when cycles
with one transferred embryo were compared with cycles with two transferred embryos,
the pregnancy, birth and twins rates were all significantly higher when two embryos were
transferred, regardless of the day of embryo transfer.
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Table 5. The main outcome of cycles according to the age of patients and the day of embryo transfer.
Significant differences are marked with * (p < 0.05).

≤35 Years Old ≥36 Years Old

Day 3 ET
Group

Day 5 ET
Group p-Value Day 3 ET

Group
Day 5 ET

Group p-Value

Number of cycles 843 381 1084 350

Mean age of patients (±SD) 31.8 ± 2.7 31.5 ± 2.8 0.168 39.2 ± 2.2 39.0 ± 2.2 0.089

Mean number of
aspirated oocytes 5.0 ± 3.8 5.4 ± 3.0 0.059 3.8 ± 2.6 4.1 ± 2.4 0.012 *

Mean number of
immature oocytes 1.3 ± 1.9 1.4 ± 1.9 0.202 0.8 ± 1.3 1.0 ± 1.3 0.013 *

Mean number of embryos 1.5 ± 0.5 1.6 ± 0.5 <0.001 * 1.5 ± 0.5 1.6 ± 0.5 <0.001 *

Mean number of
transferred embryos 1.4 ± 0.5 1.4 ± 0.5 0.780 1.4 ± 0.5 1.4 ± 0.5 0.502

Pregnancy rate 205 (24.3%) 105 (27.6%) 0.227 190 (17.5%) 61 (17.4%) 1

Miscarriages per pregnancies 49 (23.9%) 18 (17.1%) 0.171 76 (40.0%) 23 (37.7%) 0.751

Births per ETs 152 (18.0%) 85 (22.3%) 0.079 113 (10.4%) 38 (10.9%) 0.823

Twins 14 (9.2%) 9 (10.6%) 0.729 11 (9.7%) 2 (5.3%) 0.518

Table 6. The main outcomes of cycles according to the number of embryos transferred into uterus
and the day of embryo transfer. Significant differences are marked with * (p < 0.05).

Day 3 ET Group Day 5 ET Group p-Value

Number of cycles/ETs ET of 1 embryo 1135 437
ET of 2 embryos 792 294

Mean age of patients (±SD)
ET of 1 embryo 35.8 ± 4.5 35.1 ± 4.6 0.005 *
ET of 2 embryos 36.2 ± 2.4 35.2 ± 4.4 <0.001 *

p-value 0.045 * 0.839

Number of aspirated oocytes
(mean number ± SD)

ET of 1 embryo 3.9 ± 3.3 4.5 ± 2.9 0.001 *
ET of 2 embryos 4.9 ± 3.1 5.3 ± 2.7 0.093

p-value <0.001 * <0.001 *

Number of pregnancies (% per ET)
ET of 1 embryo 188 (16.6%) 85 (19.5%) 0.176
ET of 2 embryos 207 (26.1%) 81 (27.6%) 0.639

p-value <0.001 * 0.010 *

Miscarriages per pregnancy
ET of 1 embryo 61 (32.4%) 21 (24.7%) 0.196
ET of 2 embryos 64 (30.9%) 20 (24.7%) 0.296

p-value 0.740 1

Births
ET of 1 embryo 124 (10.9%) 63 (14.4%) 0.055
ET of 2 embryos 141 (17.8%) 60 (20.4%) 0.327

p-value <0.001 * 0.034 *

Twins
ET of 1 embryo 1 (0.8%) 1 (1.6%) 1
ET of 2 embryos 24 (17.0%) 10 (16.7%) 1

p-value <0.001 * 0.003 *

4. Discussion

The results of our study indicate that when there are only one or two embryos available
and ET is performed on day five of preimplantation development (D5 ET group), this leads
to a higher birth rate compared to cycles when ET is performed on day three (D3 ET
group). While the pregnancy rate was similar between the groups, the difference in the
live birth rate probably arose due to the non-significant higher miscarriage rate in D3 ET
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group. Furthermore, when we checked whether the different mean age of the women
between the groups could be the reason for such an observation, it was revealed that when
only patients aged 36 years or more were analyzed, the pregnancy rate, miscarriage rate
and birth rate were very similar, despite a higher mean number of aspirated oocytes and
obtained embryos in the D5 ET group. Furthermore, in the group of patients aged 35 years
or less, we observed a weak trend for a higher live birth rate and a non-significant lower
miscarriage rate in the D5 ET group. Therefore, we suggest that the higher live birth rate
we observed in the D5 ET group when all patients were analyzed together arose due to
the differences in the cycle outcome in the group of patients younger than 36 years. In
addition, some other studies have suggested that the rate of live birth is higher if ET in
performed on day five [8–12], and the miscarriage rate is lower [11,13,14], but it is not clear
if the cumulative LBR is also higher [8]. In contrast, other studies have indicated that there
is no difference in the pregnancy or live birth rates [3,15,16].

Our data contradict the data published in similar studies, although it must be empha-
sized that there are just a few similar studies. For instance, Haas et al. [17] retrospectively
analyzed the data of 102 patients who had ET on day three compared to the data of
429 patients who had ET on day five, and all of these patients had at most two embryos
obtained. The main conclusion of their study was that it is not important if the embryos are
transferred on day three or day five because the cumulative pregnancy rate is similar in
both cases. Unfortunately, their study had a lower number of included patients compared
to ours and did not specifically determine the miscarriage and birth rates and, furthermore,
part of their cycles was frozen-thawed. This is important because our data shows, similarly
to theirs, that the pregnancy rate is similar regardless the day of transfer, but the live birth
rate is higher after day five ET, probably due to the non-significant higher miscarriage rate
after cleavage stage ET. Furthermore, the clinical pregnancy rate reported in the study by
Haas et al. [17] was similar to our data. For instance, their pregnancy rate was 22% for
ETs on day three and 24.6% for ETs on day 5five while our data showed 20.5% and 22.7%
pregnancy rates per ET. Unfortunately, their study did not report the live birth rate. Another
similar study by Xiao et al. [18] retrospectively studied cycles where there was only one
viable embryo obtained. Their data suggest that biochemical pregnancy, clinical pregnancy
and the live birth rate are significantly better when embryos are transferred at the cleavage
stage compared to day four-six ET. This is again different to our conclusions, but care
must be taken because their study included cycles where exactly one viable embryo was
obtained on day three, and we included cycles with one-two embryos. When we checked
only the subgroup of couples, where only one embryo was transferred, we did not find any
significant difference in the pregnancy and birth rates. Furthermore, if we compare our
data to Xiao et al.’s data, it seems their clinical pregnancy and live birth rates for day three
ET (14.7% and 9.7%) and day four-six ET (6.8% and 4.4%) were lower than the pregnancy
and live birth rates suggested by our data (day 3 ET (16.6% and 10.9%) and day 5 ET (19.5%
and 14.4%). Interestingly, Xiao et al. [18] claimed that day three ETs were more likely to
have confounding characteristics at the baseline associated with a poorer outcome. From
this, it could be suggested that in cases of poor response, day three ET could be suggested;
however, the study by Berkkanoglu et al. [19] indicated that this might not be the case.
They compared their group of poor responders (4 or less oocytes collected) according to the
day of ET. They concluded that the pregnancy and live birth rates per ET are significantly
higher when day five ET is performed. On the contrary, Dirican et al. [7] suggest that the
pregnancy rate is increased only for patients with six or more zygotes, while in patients
with five or less zygotes, there is no difference between the blastocyst and cleavage-stage
transfers. If we put our data in the context of the number of aspirated oocytes, on average,
the patients included in our study had more than four aspirated oocytes, regardless of the
day of ET, although the D5 ET group had a significantly higher number of retrieved oocytes.
While the difference is still less than one retrieved oocyte, it should be noted that some
studies indicate that there is positive association between the number of retrieved oocytes
and the quality of day two/three embryos, day five embryos, and euploid embryos [20–23]
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and the cumulative live birth rate [24–27]. On the contrary, it was even shown that the rate
of top-quality embryos is decreased by 0.5% for every oocyte obtained, but increased by
0.7% if the women’s age increased by 1 year [28]. One of the latest studies also showed that
the live birth rate may even decline with a high number of retrieved oocytes, but this is only
when over 25 oocytes are retrieved [29]. However, as expected, the live birth rate increased
when 1–25 oocytes were retrieved and it was 17.2% in a subgroup of patients with 1–5
oocytes retrieved [29], which is similar to our data on day five ET (16.8%) and higher than
our data for day three ET (13.8%) (73% of patients included in our study retrieved 5 or
less oocytes). These data are also similar to another latest studies exploring correlation of
number of retrieved oocytes with live birth rate, where 16.1% cumulative live birth rate was
found for the group of patients with 0–5 oocytes retrieved [30]. On contrary to previously
mentioned study [29], this study showed that the cumulative live birth rate also increased
when over 20 oocytes were retrieved, but with diminishing returns [30]. In our case, the
correlation analysis did not find any association between the number of retrieved oocytes
and the pregnancy and birth rates. The reasons for the difference in the outcomes between
day three and day five ET can be explained by the higher implantation potential that
blastocysts have when compared to cleavage stage embryos, due to selection [2]. However,
because, in the case of our study, there was no selection, or it was significantly limited due
to only one or two embryos being obtained in the cycle, this probably cannot explain our
results. Another explanation, more plausible to our case, is that it is not physiologically
optimal to expose cleavage stage embryos to the uterine conditions because at this stage
of development they should be still travelling through the fallopian tube [2]. For instance,
oxygen tension decreases during this travelling and in the uterus, the environment is almost
anoxic [31] and, furthermore, the embryo metabolism changes during development [32].

As this is a retrospective study, there are some limitations in our data. We captured
data from 15 years of clinical work and, during this time, there were some important
improvements introduced into clinical practice. For example, the culture media from
different manufacturers were used and, furthermore, from 2015, there was a shift towards
culturing embryos mostly in single step culture medium. Furthermore, from 2008 onwards,
embryos were mostly cultured in a lower oxygen concentration (5%). As all of these
changes applied to all of the patients treated at the same time period, there should not be
any negative or positive effect applied to this specific group of patients. Another limitation
of this study is that we cannot evaluate and show more detailed clinical characteristics of
the patients (for instance hormone levels, BMI, etc.) because this is a long-term retrospective
study, and we only have digital data for the last few years.

To conclude, the most important message from our retrospective study is that the birth
rate is significantly higher when ET is performed on day five instead of day three when
there are only one or two embryos obtained in cycle.

Author Contributions: Conceptualization, M.S. and E.V.-B.; Methodology, M.S.; Formal analysis,
M.S., N.J. and H.B.-F.; Investigation, E.V.-B.; Writing—original draft, M.S. and N.J.; Writing—review
& editing, M.S., N-.J., H.B.-F. and E.V.-B. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This was a register-based study in which all of the partic-
ipants signed individual personal approval and permission before starting the treatment and did
not have to be notified in the Ethics Committee according to Slovene law, (Personal Data Protec-
tion Act, Official Gazette of the Republic of Slovenia No 94/07, 2004). Additionally, by our law,
we are obligated to collect the data concerning assisted reproduction procedures and monitor the
success rates (Healthcare Databases Act, Official Gazette of the Republic of Slovenia No 65/00, 2000;
No 47/15, 2015; 31/18, 2018).

Informed Consent Statement: This was a register-based study in which all of the participants signed
individual personal approval and permission before starting the treatment and did not have to be



Life 2023, 13, 417 9 of 10

notified in the Ethics Committee according to Slovene law, (Personal Data Protection Act, Official
Gazette of the Republic of Slovenia No 94/07, 2004).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank all gynecologists, clinical embryologists, medi-
cal nurses, and other staff at the Department of Human Reproduction, Division of Obstetrics and
Gynecology, University Medical Centre Ljubljana, for their support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Yin, Y.; Chen, G.; Li, K.; Liao, Q.; Zhang, S.; Ma, N.; Chen, J.; Zhang, Y.; Ai, J. Propensity Score-Matched Study and Meta-Analysis

of Cumulative Outcomes of Day 2/3 versus Day 5/6 Embryo Transfers. Front. Med. 2017, 11, 563–569. [CrossRef] [PubMed]
2. Glujovsky, D.; Farquhar, C.; Quinteiro Retamar, A.M.; Alvarez Sedo, C.R.; Blake, D. Cleavage Stage versus Blastocyst Stage

Embryo Transfer in Assisted Reproductive Technology. Cochrane Database Syst. Rev. 2016, 6, CD002118. [CrossRef] [PubMed]
3. Martins, W.P.; Nastri, C.O.; Rienzi, L.; van der Poel, S.Z.; Gracia, C.; Racowsky, C. Blastocyst vs Cleavage-Stage Embryo Transfer:

Systematic Review and Meta-Analysis of Reproductive Outcomes. Ultrasound Obstet. Gynecol. 2017, 49, 583–591. [CrossRef]
[PubMed]

4. Alviggi, C.; Conforti, A.; Carbone, I.F.; Borrelli, R.; de Placido, G.; Guerriero, S. Influence of Cryopreservation on Perinatal
Outcome after Blastocyst- vs Cleavage-Stage Embryo Transfer: Systematic Review and Meta-Analysis. Ultrasound Obstet. Gynecol.
2018, 51, 54–63. [CrossRef]

5. Marconi, N.; Allen, C.P.; Bhattacharya, S.; Maheshwari, A. Obstetric and Perinatal Outcomes of Singleton Pregnancies after
Blastocyst-Stage Embryo Transfer Compared with Those after Cleavage-Stage Embryo Transfer: A Systematic Review and
Cumulative Meta-Analysis. Hum. Reprod. Update 2022, 28, 255–281. [CrossRef] [PubMed]

6. Xie, Q.; Jiang, W.; Ji, H.; Li, X.; Zhou, Y.; Zhao, C.; Zhang, J.; Lu, J.; Ling, X. Perinatal Outcomes of Singletons Born after Blastocyst
or Cleavage-Stage Embryo Transfer in FET Cycles. Eur. J. Obstet. Gynecol. Reprod. Biol. 2022, 271, 265–270. [CrossRef]

7. Dirican, E.K.; Olgan, S.; Sakinci, M.; Caglar, M. Blastocyst versus Cleavage Transfers: Who Benefits? Arch. Gynecol. Obstet. 2022,
305, 749–756. [CrossRef]

8. Glujovsky, D.; Quinteiro Retamar, A.M.; Alvarez Sedo, C.R.; Ciapponi, A.; Cornelisse, S.; Blake, D. Cleavage-Stage versus
Blastocyst-Stage Embryo Transfer in Assisted Reproductive Technology. Cochrane Database Syst. Rev. 2022, 5, CD002118.
[CrossRef]

9. Smeltzer, S.; Acharya, K.; Truong, T.; Pieper, C.; Muasher, S. Single Blastocyst Transfer Yields Similar Pregnancy Rates Compared
with Multiple Cleavage Embryo Transfer, with Reduced Twin Rate, in Patients with Low Number of Fertilized Oocytes. Middle
East Fertil. Soc. J. 2020, 25, 3. [CrossRef]

10. Kontopoulos, G.; Simopoulou, M.; Zervomanolakis, I.; Prokopakis, T.; Dimitropoulos, K.; Dedoulis, E.; Grigorakis, S.; Agapitou,
K.; Nikitos, E.; Rapani, A.; et al. Cleavage Stage versus Blastocyst Stage Embryo Transfer in Oocyte Donation Cycles. Medicina
2019, 55, 293. [CrossRef]

11. Wang, S.-S.; Sun, H.-X. Blastocyst Transfer Ameliorates Live Birth Rate Compared with Cleavage-Stage Embryos Transfer in
Fresh In Vitro Fertilization or Intracytoplasmic Sperm Injection Cycles: Reviews and Meta-Analysis. Yonsei Med. J. 2014, 55, 815.
[CrossRef] [PubMed]

12. De Carvalho, B.R.; Barbosa, M.W.P.; Bonesi, H.; Gomes Sobrinho, D.B.; Cabral, Í.O.; Barbosa, A.C.P.; Silva, A.A.; Iglesias, J.R.;
Nakagawa, H.M. Embryo Stage of Development Is Not Decisive for Reproductive Outcomes in Frozen-Thawed Embryo Transfer
Cycles. JBRA Assist. Reprod. 2017, 21, 23–26. [CrossRef] [PubMed]

13. Wang, Y.A.; Costello, M.; Chapman, M.; Black, D.; Sullivan, E.A. Transfers of Fresh Blastocysts and Blastocysts Cultured from
Thawed Cleavage Embryos Are Associated with Fewer Miscarriages. Reprod. Biomed. Online 2011, 23, 777–788. [CrossRef]
[PubMed]

14. Xu, L.; Gao, S.; Jiang, J.; Sun, M.; Sheng, Y.; Tang, R. Outcomes of Embryo Vitrification at Different Developmental Stages. Medicine
2022, 101, e29233. [CrossRef]

15. Cameron, N.J.; Bhattacharya, S.; McLernon, D.J. Cumulative Live Birth Rates Following Blastocyst- versus Cleavage-Stage
Embryo Transfer in the First Complete Cycle of IVF: A Population-Based Retrospective Cohort Study. Hum. Reprod. 2020, 35,
2365–2374. [CrossRef]

16. De Croo, I.; Colman, R.; De Sutter, P.; Stoop, D.; Tilleman, K. No Difference in Cumulative Live Birth Rates between Cleavage
versus Blastocyst Transfer in Patients with Four or Fewer Zygotes: Results from a Retrospective Study. Hum. Reprod. Open 2022,
2022, hoac031. [CrossRef]

17. Haas, J.; Meriano, J.; Bassil, R.; Barzilay, E.; Casper, R.F. What Is the Optimal Timing of Embryo Transfer When There Are Only
One or Two Embryos at Cleavage Stage? Gynecol. Endocrinol. 2019, 35, 665–668. [CrossRef]

18. Xiao, J.S.; Healey, M.; Talmor, A.; Vollenhoven, B. When Only One Embryo Is Available, Is It Better to Transfer on Day 3 or to
Grow on? Reprod. Biomed. Online 2019, 39, 916–923. [CrossRef]

http://doi.org/10.1007/s11684-017-0535-6
http://www.ncbi.nlm.nih.gov/pubmed/28744794
http://doi.org/10.1002/14651858.CD002118.pub5
http://www.ncbi.nlm.nih.gov/pubmed/27357126
http://doi.org/10.1002/uog.17327
http://www.ncbi.nlm.nih.gov/pubmed/27731533
http://doi.org/10.1002/uog.18942
http://doi.org/10.1093/humupd/dmab042
http://www.ncbi.nlm.nih.gov/pubmed/34967896
http://doi.org/10.1016/j.ejogrb.2022.03.001
http://doi.org/10.1007/s00404-021-06224-2
http://doi.org/10.1002/14651858.CD002118.pub6
http://doi.org/10.1186/s43043-020-0016-8
http://doi.org/10.3390/medicina55060293
http://doi.org/10.3349/ymj.2014.55.3.815
http://www.ncbi.nlm.nih.gov/pubmed/24719153
http://doi.org/10.5935/1518-0557.20170007
http://www.ncbi.nlm.nih.gov/pubmed/28333028
http://doi.org/10.1016/j.rbmo.2011.07.023
http://www.ncbi.nlm.nih.gov/pubmed/22033396
http://doi.org/10.1097/MD.0000000000029233
http://doi.org/10.1093/humrep/deaa186
http://doi.org/10.1093/hropen/hoac031
http://doi.org/10.1080/09513590.2019.1580259
http://doi.org/10.1016/j.rbmo.2019.08.003


Life 2023, 13, 417 10 of 10

19. Berkkanoglu, M.; Coetzee, K.; Bulut, H.; Ozgur, K. Optimal Embryo Transfer Strategy in Poor Response May Include Freeze-All.
J. Assist. Reprod. Genet. 2017, 34, 79–87. [CrossRef]

20. Vermey, B.G.; Chua, S.J.; Zafarmand, M.H.; Wang, R.; Longobardi, S.; Cottell, E.; Beckers, F.; Mol, B.W.; Venetis, C.A.; D’Hooghe, T.
Is There an Association between Oocyte Number and Embryo Quality? A Systematic Review and Meta-Analysis. Reprod. Biomed.
Online 2019, 39, 751–763. [CrossRef]

21. Hsu, M.-I.; Wang, C.-W.; Chen, C.-H.; Tzeng, C.-R. Impact of the Number of Retrieved Oocytes on Pregnancy Outcome in in Vitro
Fertilization. Taiwan. J. Obstet. Gynecol. 2016, 55, 821–825. [CrossRef]

22. Hodes-Wertz, B.; McCulloh, D.; McCaffrey, C.; Grifo, J.A. Less Gonadotropins, More Oocytes and Younger Age Associated with
Euploidy. Fertil. Steril. 2013, 100, S272–S273. [CrossRef]

23. Jamil, M.; Debbarh, H.; Kabit, A.; Ennaji, M.; Zarqaoui, M.; Senhaji, W.R.; Hissane, M.; Saadani, B.; Louanjli, N.; Cadi, R. Impact of
the Number of Retrieved Oocytes on IVF Outcomes: Oocyte Maturation, Fertilization, Embryo Quality and Implantation Rate.
Zygote 2023, 31, 91–96. [CrossRef] [PubMed]

24. Datta, A.K.; Campbell, S.; Felix, N.; Singh, J.S.H.; Nargund, G. Oocyte or Embryo Number Needed to Optimize Live Birth and
Cumulative Live Birth Rates in Mild Stimulation IVF Cycles. Reprod. Biomed. Online 2021, 43, 223–232. [CrossRef] [PubMed]

25. Neves, A.R.; Montoya-Botero, P.; Sachs-Guedj, N.; Polyzos, N.P. Association between the Number of Oocytes and Cumulative
Live Birth Rate: A Systematic Review. Best Pract. Res. Clin. Obstet. Gynaecol. 2022. Epub ahead of printing. [CrossRef] [PubMed]

26. Steward, R.G.; Lan, L.; Shah, A.A.; Yeh, J.S.; Price, T.M.; Goldfarb, J.M.; Muasher, S.J. Oocyte Number as a Predictor for Ovarian
Hyperstimulation Syndrome and Live Birth: An Analysis of 256,381 in Vitro Fertilization Cycles. Fertil. Steril. 2014, 101, 967–973.
[CrossRef]

27. Zhao, Z.; Shi, H.; Li, J.; Zhang, Y.; Chen, C.; Guo, Y. Cumulative Live Birth Rates According to the Number of Oocytes Retrieved
Following the “Freeze-All” Strategy. Reprod. Biol. Endocrinol. 2020, 18, 14. [CrossRef]

28. Aizer, A.; Haas, J.; Shimon, C.; Konopnicki, S.; Barzilay, E.; Orvieto, R. Is There Any Association Between the Number of Oocytes
Retrieved, Women Age, and Embryo Development? Reprod. Sci. 2021, 28, 1890–1900. [CrossRef]

29. Bahadur, G.; Homburg, R.; Jayaprakasan, K.; Raperport, C.J.; Huirne, J.A.F.; Acharya, S.; Racich, P.; Ahmed, A.; Gudi, A.; Govind,
A.; et al. Correlation of IVF Outcomes and Number of Oocytes Retrieved: A UK Retrospective Longitudinal Observational Study
of 172 341 Non-Donor Cycles. BMJ Open 2023, 13, e064711. [CrossRef]

30. Fanton, M.; Cho, J.H.; Baker, V.L.; Loewke, K. A Higher Number of Oocytes Retrieved Is Associated with an Increase in 2PNs,
Blastocysts, and Cumulative Live Birth Rates. Fertil. Steril. 2023. Epub ahead of printing. [CrossRef]

31. Leese, H. Metabolic Control during Preimplantation Mammalian Development. Hum. Reprod. Update 1995, 1, 63–72. [CrossRef]
[PubMed]

32. Hansen, J.M.; Jones, D.P.; Harris, C. The Redox Theory of Development. Antioxid. Redox Signal. 2020, 32, 715–740. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s10815-016-0825-y
http://doi.org/10.1016/j.rbmo.2019.06.013
http://doi.org/10.1016/j.tjog.2015.05.009
http://doi.org/10.1016/j.fertnstert.2013.07.1136
http://doi.org/10.1017/S096719942200065X
http://www.ncbi.nlm.nih.gov/pubmed/36533391
http://doi.org/10.1016/j.rbmo.2021.02.010
http://www.ncbi.nlm.nih.gov/pubmed/34140227
http://doi.org/10.1016/j.bpobgyn.2022.102307
http://www.ncbi.nlm.nih.gov/pubmed/36707342
http://doi.org/10.1016/j.fertnstert.2013.12.026
http://doi.org/10.1186/s12958-020-00574-3
http://doi.org/10.1007/s43032-020-00391-4
http://doi.org/10.1136/bmjopen-2022-064711
http://doi.org/10.1016/j.fertnstert.2023.01.001
http://doi.org/10.1093/humupd/1.1.63
http://www.ncbi.nlm.nih.gov/pubmed/9080207
http://doi.org/10.1089/ars.2019.7976
http://www.ncbi.nlm.nih.gov/pubmed/31891515

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

