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Background: This study investigated the effectiveness and feasibility of day 4 (D4) morula embryo transfer (ET) in compar-
ison with day 5 (D5) blastocyst ET, with regards to their clinical data, laboratory test results, and pregnancy
outcomes.

Material/Methods: This retrospective cohort study enrolled 1070 patients, including 178 cases in group D4 and 892 cases in group
D5. The endpoint was live birth rate after fresh embryo transfer. Furthermore, the clinical outcomes of D4 em-
bryos with different morphology were compared and assigned to 3 groups: in group 1 (n=66) the embryos were
compacted but not expanded, in group 2 (n=102) the embryos were compacted and expanded (early blasto-
cyst), and in group 3 (n=10) the embryos were not compacted.

Results: Groups D4 and D5 had comparable clinical pregnancy rates (53.37% vs 59.97%) and live birth rates (43.25%
vs 50.89%), and there were no significant differences between the 2 groups. In group 3, there was only 1 clin-
ical pregnancy and no live birth. In comparison between group 1 and group 2, the clinical pregnancy rate of
group 2 showed an upward trend (48.48% vs 60.78%), but there was no significant difference. There was also
no statistically significant difference in the live birth rate between the 2 groups (42.42% vs 49.01%).

Conclusions: Transferring of compacted embryos or early blastocysts can result in high clinical pregnancy rates and live
birth rates. In addition to the cleavage and blastocyst ET, morula ET may serve as an alternative option for the
clinician.
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Background

At present, cleavage-stage embryo transfer (ET) and blasto-
cyst stage ET are commonly applied in many reproductive cen-
ters during fresh IVF/ICSI (in vitro fertilization/intracytoplasmic
sperm injection) cycles. However, day 4 (D4) ET or single-moru-
la embryo transfer (SMET) is often neglected. Previous studies
have suggested that day 5 (D5) ET has a higher clinical preg-
nancy rate compared to day 3 (D3) ET. Elective single-blas-
tocyst embryo transfer (SBET) can effectively lower the rate
of multiple pregnancies, thereby reducing the risk of obstet-
ric and neonatal complications [1,2]. However, contradictory
findings have been reported. A recent study has demonstrat-
ed that fresh blastocysts offer no obvious advantage com-
pared to cleavage-stage embryo transfer in women under 39
years old in terms of implantation and pregnancy rate [3], but
the study involved transferring 2 cleavage embryos or blasto-
cysts. According to both the National Institute for Health and
Clinical Excellence (NICE) 2013 fertility guidelines and the
Practice Committees of the American Society for Reproductive
Medicine, the extended embryo culture into blastocyst stage
during IVF/ICSI cycles can reduce the number of embryos that
can be frozen, and there is a small increased the risk of ad-
verse neonatal outcomes, but there is not enough evidence
to prove a causal relationship [4,5].

Although the embryo culture system is constantly improving, it
is different from the environment in the human body. There are
potential increased risks of developmental arrest and reduced
embryo quality after prolonged culture in vitro [6]. Hence, the
balance between the risks and pregnancy rate remains a ne-
cessity. In addition, D5 ET is not always feasible for those clin-
ics that are operate only on weekdays. Therefore, this study
aimed to compare the clinical pregnancy and live birth rates
between D4 and D5 ET, and the findings may provide evidence
for the selection of D4 ET.

Material and Methods

Study Objects

This retrospective cohort study was conducted at the
Reproductive Center of the Second Affiliated Hospital of
Wenzhou Medical University. Female infertile patients who re-
ceived single-morula embryo transfer (SMET) were selected,
total of 178 cases from January 1, 2016 to August 31, 2019.
There were a total of 892 cases of D5 transfer during January
1 2018 to December 31,2018.
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Ovarian Stimulation Protocol

All patients received a long-term protocol of pituitary down-
regulation with gonadotrophin-releasing hormone (GnRH) ag-
onist for controlled ovarian hyper-stimulation (COH). Firstly,
the patients were treated with 3.75 mg of GnRH agonist on
the 2nd to 4th day of menstruation, and luteal-phase ovari-
an stimulation was initiated 30 to 40 days later. The stimula-
tion was adjusted according to the size of antral follicles and
the serum levels of follicle stimulating hormone (FSH), lutein-
izing hormone (LH), estradiol (E2), and progesterone (P). In ad-
dition, gonadotropins (Gn), such as recombinant FSH and hu-
man menopausal gonadotropins (hMG), were used for COH.
The starting dose of Gn ranged from 75 to 300 IU, depending
on patient age and ovarian function, as well as their respons-
es to previous ovarian stimulation. Gn doses were based on
the growth of ovarian follicles. When at least 2 follicles had a
mean diameter of 18 mm, the final oocyte maturation was trig-
gered by 4000 to 10 000 IU of human chorionic gonadotropin
(hCG). Lastly, transvaginal ovum retrieval was carried out 34 to
36 hours after hCG administration. Fertilization was observed
20 hours after insemination based on the appearance of 2PN.
The embryos were cultured in G-1 and G-2 medium (Vitrolife
Co,, Ltd., Australia) at 37°C, under 6% CO,, 5% O,, and 89% N..

Embryo Grading

Grading of D4 embryos was conducted according to the 2011
ESHRE Istanbul Consensus and Ryh-sheng Li’s system for day
4 embryos [7,8]. On day 5, blastocyst stage embryo grading
was conducted according to Gardner’s embryo grading system
[9], by taking into account of the degree of expansion and the
development of inner cell mass and trophectoderm. Based on
this grading system, the ideal embryos were categorized into
3AA, 4AA, 5AA, 3AB/BA, 4AB/BA, and 5AB/BA. Meanwhile, cleav-
age-stage embryo grading was carried out by referring to the
2011 ESHRE Istanbul Consensus for D3 embryo [7], which in-
volved the amount of cell fragmentation (%), cell multi-nucle-
ation, cell symmetry, vacuoles, and zona pellucida. Based on
this grading system, the optimal embryos were categorized
into 7A, 8A, 9A, 7B, 8B, and 9B.

Embryo Transfer and Luteal Phase Support

Embryo transfer (ET) was performed under the guidance of
transabdominal ultrasound. The starting time of luteal phase
support depended on serum P level on the day of hCG trig-
ger. When P<1.2 ng/ml, luteal support was initiated 1 day af-
ter oocyte retrieval. When Pg>1.2 ng/ml, luteal support was
initiated 2 days after ovulation. If Pg>1.5 ng/ml, ET was can-
celed. Crinone gel and dydrogesterone tablets were used for
luteal phase support until day 13-14 after ET. Luteal support
was continued until week 10-12 of pregnancy.
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Table 1. Comparison of demographic and clinical data between D4 and D5 group.

Characteristic D4 group
Number of cycles 178
_ Number of transferred o
CAgelyears 32041456
Infertility duration (years) 3178217
CBasicPSH 762¢3.02
ewt 21845311
CAC 1528:7.68
paysofGn 1148:245
DosesofGn 260619109498

Diagnosis
PCOS (%) 14/178  (7.86%)
Endometriosis (%) 15/178 (8.42%)

D5 group P value
892
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
""""""""""""""" 31024408  0003*
"""""""""""""""" 3302255 0506
"""""""""""""""" 7226191 0021*
""""""""""""""" 21768325 077
""""""""""""""" 15494552 0670
""""""""""""""" 1142¢205 0758
4571483396 0004
 242651#113023 <00001*
"""""""""""" 104/892 (11.65%) 0140
. suyse2 (5719 0170

Data are presented as mean+SD or n (%). * Indicate statistical significance.

Outcome Measurement

The primary endpoint of this study was the live birth rate, while
the secondary endpoints were clinical pregnancy rate, early
spontaneous abortion rate, ectopic pregnancy rate, multiplets
pregnancy rate, preterm delivery rate, and neonate weight.

We defined the pregnancy outcomes in this study according
to “CSRM consensus on key indicators for quality control in
ART clinical operation” [10].

1. Clinical pregnancy rate: Clinical pregnancy cycle number/
fresh transfer cycle numberx100%. Clinical pregnancy was
diagnosed when 1 or more pregnancy sacs were observed
on ultrasound; we could only see the gestational sac, not
the fetal heart. The rate included normal intrauterine preg-
nancy, ectopic pregnancy, and heterotopic pregnancy.

2. Early spontaneous abortion rate: The number of spontane-
ous abortion cycles within 12 weeks of pregnancy/number
of clinical pregnancy cycles x100%.

3. Ectopic pregnancy rate: The number of ectopic pregnancy
cycles/clinical pregnancy cycles x100%.

4. Multiplets pregnancy rate: Multiple pregnancy cycles/clin-
ical pregnancy cycles x100%.

5.Live birth rate: The number of live births/transfer cycles
x100%.

6. Preterm delivery rate: The number of live births before 37
weeks/number of live births x100%.

Statistical Analysis

Statistical analysis was performed using SPSS software version
23.0 (IBM Corp, Armonk, NY, USA). The t test was used to an-
alyze continuous variables and the chi-square test was used
for non-continuous variables. Univariate variance analysis was
carried out to compare differences between the 3 groups. All
data are presented with meanzstandard deviation (SD). P val-
ues of less than 0.05 were regarded as statistically significant.

Results

We compared the patient characteristics and laboratory test
results between the D4 group and D5 group. There were 178
cycles in the D4 group and 892 cycles in the D5 group. Table 1
summarizes the demographic data of patients in the D4 and D5
groups. Compared with those in the D5 group, patients in the
D4 group were older (32.04+4.56 vs 31.02+4.08 P=0.003). Ages
of patients in the D4 group ranged from 22.5 to 44.0 years and
those in the D5 group ranged from 20.0 to 43.3 years. In the
D4 group, the basic FSH was higher (7.62+3.02 vs 7.22+1.91,
P=0.021), the total Gn used was higher (2606.19+1094.98
vs 2457.14+833.96, P=0.004), and trigger day E2 was lower
(2051.19+1187.65 vs 2426.51+1130.23, P=0.000). There was
no statistically significant difference in BMI, AFC, infertility du-
ration, or days of Gn between the 2 groups.

The laboratory data of patients in the D4 and D5 groups are
summarized in Table 2. Comparing group D4 with group D5,
the number of retrieved oocytes, number of MIl oocytes, num-
ber of D3 optimal embryos, number of frozen high-quality
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Table 2. Comparison of laboratory data between D4 and D5 group.

Laboratory data D4 group D5 group P value
Number of cycles 178 892
 Number of retrieved oocytes 1146652  13.16:482 <0000
 Numberof Ml oocytes 1028624 1209¢481  <00001*
 Number of fertilized oocytes 844ss555 931403 0003*
Numberofd3 708:485 so4381 0004*
_ Number of D3 optimal embryos 396:306 as7277 0008*
 Number of frozen high-quality blastocysts 1s1e181 2052200 0001*
* Number of frozen blastocysts 343t 396271 001"
Data are presented as mean+SD or n (%). * Indicate statistical significance.
Table 3. Comparison of pregnancy outcomes between D4 and D5 groups.
Outcome D4 group D5 group P value
Clinical pregnancy rate 95/178 (53.37%) 535/892 (59.97%) 0.102
 Early spontaneous abortion rate 14/95 (1684%) 57/535 (106%) 0246
lvebitthrate 77178 (43.25%) 454/892 (5089%) 0063
Ectopic pregnancy rate 295 (10%) 4535 (074%) 0209
 Monozygotic twins rate 195 (L05%) 12535 (224%) 0452
Preterm deliveryrate 477 G19%) 33454 (7.26%) 0509
 Neonate weight 325868457723 3207.27447095 0456

Data are presented as mean+SD or n (%).

blastocysts, number of total frozen blastocysts of D4 group
are all lower than those of D5. There was a statistically sig-
nificant difference.

significant differences in age, infertility duration, basic FSH,
AFC, days of Gn, doses of Gn, E2 on trigger day, number of re-
trieved oocytes, number of MIl oocytes, number of fertilized
oocytes, number of D3, or number of D3 optimal embryos, be-

Pregnancy Outcomes Between D4 and D5 Groups

As shown in Table 3, the D4 group and D5 group had simi-
lar clinical pregnancy rates (53.37% vs 59.97%, P>0.05), early
spontaneous abortion rate (16.84% vs 10.6%), live birth rate
(43.25% vs 50.89%), ectopic pregnancy rate (2.10% vs 0.74%),
monozygotic twins rate (2.1% vs 0.74%), preterm delivery rate
(5.19% vs 7.26%), and neonate weight (3258.68+577.23 vs
3207.27+470.95). There was no statistically significant differ-
ence between the 2 groups (P>0.05).

Among the 178 patients in the D4 group, there were 10 cas-
es without compaction, including 1 case of clinical pregnancy
but early abortion. There were 66 patients with compaction
but without expanding (group 1), and 102 cycles with early
blastocyst formation (group 2). The clinical data and pregnan-
cy outcomes of the 2 groups were compared. Patient charac-
teristics and laboratory data between group 1 and group 2
are summarized in Tables 4 and 5. There were no statistically

tween the 2 groups (P>0.05). However, there were significant-
ly fewer frozen high-quality blastocysts and total frozen blas-
tocysts in group 1 than in group 2.

Pregnancy Outcomes in Group 1 and Group 2

The clinical pregnancy rate of group 2 was higher than in
group 1 (48.48% vs 60.78%, P>0 0.05), but the difference was
not statistically significant, nor was there any statistically sig-
nificant difference in the live birth rate (42.42% vs 49.01%,
P>0.05), as shown in Table 6.

Discussion

The findings of many studies indicated that blastocyst ET had a
higher clinical pregnancy rate compared to cleavage ET[11,12].
This is probably because the blastocyst transfer can improve
synchronization between the endometrium and embryo, and
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Table 4. Comparison of demographic and clinical data between group 1 and group 2.

Characteristic Group 1 Group 2 P value
Number of cycles 66 102
CAgelyears 3192:475 3175:435 0812
infertility duration (years) 3148230 3176194 0927
CBasicPSH 768:357 7420255 o741
A nmega 17274734 0001
DaysofGn 1114203 11508257 0335
DosesofGn 2617.89196569 | 246883+1113438 0374
E2ontrigger day (pg/m) 200086£1291.26 2158.12¢1089.62 0399
Data are presented as mean+SD or n (%).
Table 5. Comparison of laboratory data between group 1 and group 2.
Laboratory data Group 1 Group 2 P value
Number of cycle 66 102
_ Number of retrieved oocytes 1106695 1251581 0146
 Number of Mil cocytes  1002:682  1117s557 0233
 Number of fertilized oocytes 809+613 930:490 0158
Numberofo3 6858525 766£444 0286
_ Number of D3 optimalembryos 3796316 4208204 0292
* Number offrozenhigh-quality blastocysts 100+134 196:200 0001*
_ Number offrozen frozenblastocysts 286:323 s04s313 0002*
Data are presented as mean+SD or n (%). * Indicate statistical significance.
Table 6. Comparison of pregnancy outcomes between group 1 and group 2.
Outcome Group 1 Group 2 P value
Clinical pregnancy rate 32/66 (48.48%) 62/102 (60.78%) 0.117
| Early spontaneous abortion rate 533 (15.15%) 062 (16.12%) 0901
lvebithrate 28/66 (4242%)  50/102 (49.01%) 0618
Ectopic pregnancy rate o032 a2
 Monozygotic twinrate o032 ve2
 Neonateweight 3088.33:41870 327024848859 0105

Data are presented as mean+SD or n (%).

due to the reduced proportion of chromosomal abnormalities
in blastocysts, which increased the selection of suitable embry-
os for transfer [13,14]. However, several studies have shown
that the cumulative pregnancy rate of blastocyst transplanta-
tion is not significantly different from or is even lower than that
of cleavage embryos [15,16]. A recent meta-analysis also con-
cluded that D5 transfer is not superior to D3 transfer, although
the current evidence is low-quality or moderate-quality [17]. In
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addition, it has been reported that the blastocyst formation rate
of D3 optimal embryos is approximately 30% to 50% [18,19].
Although this proportion is increasing with the development
of embryo culture technology, the blastocyst formation rate
of D3 optimal embryos in our study was more than 50%. If all
patients receive blastocyst culture, the total number of trans-
plantable embryos will inevitably decrease, and there may even
be no embryos for transfer. In this study, 44 cases in the D4
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group had no blastocysts frozen (including D5 and Dé) after
D4 transfer; 11 of them had no high-quality D3 embryos. Of
the 11 cases, 4 had clinical pregnancy, and 3 had live births.
Therefore, compared with D5 transfer, D4 transfer appears to
have higher embryo utilization but similar clinical pregnan-
cy rate and live birth rate. However, this study did not com-
pare the embryo transfer cycle cancelation rate between the
2 groups because it was only a retrospective study. Because
the patients who cancel the transfer due to embryo problems
on D4 may have to cancel the transfer again on D5 because
no cultured embryos are available then, we need to design a
stricter RCT to compare the embryo transfer cycle cancelation
rate between the 2 groups. Meanwhile, we would study more
about the blastocyst formation rates of different grades of
embryos in D4. In this study, it was also found that the basic
conditions of the D4 and D5 groups were different, whether
from age or number of retrieved oocytes, D3 number of em-
bryos, D3 number of total embryos, D3 number of high-quali-
ty blastocysts, and total blastocysts. The D5 group was supe-
rior to the D4 group. It may be related to our transfer strategy.
If there are few retrieved oocytes, or if the embryo compac-
tion was not good on D4, we ask the patient’s opinion about
whether to transfer. The other cycles of day 4 transfer were
mainly because of organizational reasons; for example, when
day 5 was a Sunday or public holiday.

Clinical pregnancy rates and live birth rates were similar to
those in the D5 group, even though the age and embryo con-
ditions of patients in the D4 group were not as good as in the
D5 group. This is consistent with previous studies [20-22].
Therefore, it is suggested that blastocyst transfer can increase
the pregnancy rate in each ET cycle, but limit the number of
viable embryos transferred. D4 has a higher transfer rate than
D5, and has a comparable clinical pregnancy rate and live birth
rate. Additionally, prolonged culture in vitro may be detrimental
to embryos. Research has shown that the risk of preterm birth
and congenital anomalies may be higher in blastocyst transfer
than in cleavage transfer [23]. In this study, the D4 prematuri-
ty rate was 5.19% and the D5 rate was 7.26%, and there was
no significant difference between the 2 groups. Other poten-
tial risks of D5 ET have been reported previously, such as the
higher risk of monozygous twins, large for gestational age ba-
bies, altered sex ratio, and higher birthweight [24-27], but the
mechanism needs to be further studied. There are only animal
experiments that shows differences in the expression of sever-
al genes, particularly of imprinted genes involved in apoptosis,
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oxidative stress, and gap junction formation in prolonged cul-
tured embryos [28]. In our study there was no significant dif-
ference in the rate of monozygotic twins or birth weight be-
tween the 2 groups, but our sample size was small.

Compared to cleavage-stage ET, morula-stage ET had the same
or higher implantation and pregnancy rates, but with fewer
embryos transferred [29]. There are 2 possible reasons under-
lying the increased pregnancy rate among patients treated with
D4 ET compared to D3 ET. Firstly, the expression of embryon-
ic genes is initiated on D4, and thus the embryos with higher
developmental potential can be selected after D4. As a conse-
quence, D4 morula-stage embryos confer a greater selection
value than cleavage-stage embryos [29,30]. Secondly, the uter-
ine contractility is reduced at D4, and the embryos demonstrate
improved synchronicity with the receptive endometrium [31].

To assess which D4 embryo is more conducive to good clini-
cal outcomes, we further divided the D4 group into 3 groups:
in group 1 the embryo was compacted but not expanded, in
group 2 the embryo was compacted and expanded, and in
group 3 the embryo was not compacted. We found that there
were no live births in group 3. The clinical pregnancy rate of
group 2 showed an upward trend compared with group 1
(48.48% vs 60.78%, P>0 0.05), but the difference was not sig-
nificant, and there was no significant difference in live birth
rates (42.42% vs 49.01%). Therefore, it appears that as long
as the embryo is compacted, there will be a high clinical preg-
nancy rate and live birth rate. Of course, more cases are need-
ed for further studies, and larger sample sizes are needed to
explore the relationship between degree of compaction and
clinical pregnancy rate.

Conclusions

Our results suggest that D4 ET can allow a more flexible ET
scheduling between clinicians and patients and avoid ET dur-
ing weekends and holidays, without affecting IVF success rates.
It offers an easier, flexible, and valuable method for routine
ET. D4 transfer could be complementary to our current trans-
fer strategy. In this way, patients, clinicians, and laboratorians
would have more choices on the transfer day.

Due to the relatively small sample size in this study, further in-
vestigations with larger sample sizes are warranted.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€928737-6




Zhang H. et al:
Pregnancy outcomes in single-morula embryo transfer vs. single-blastocyst transfer
© Med Sci Monit, 2021; 27: €928737

References:

—

N

w

S

S}

[=2)

~

o

Nl

10.

11

12.

13.

14.

. Papanikolaou EG, Camus M, Kolibianakis EM, et al. In vitro fertilization with

single-blastocyst-stage versus single cleavage-stage embryos. N Engl) Med,
2006;354:1139-46

. Maheshwari A, Kalampokas T, Davidson J, Bhattacharya S. Obstetric and

perinatal outcomes in singleton pregnancies resulting from the transfer of
blastocyst-stage versus cleavage-stage embryos generated through in vi-
tro fertilization treatment: A systematic review and meta-analysis. Fertil
Steril, 2013;100:1615-21

. Levi-Setti PE, Cirillo F, Smeraldi A, et al. No advantage of fresh blastocyst

versus cleavage stage embryo transfer in women under the age of 39: A
randomized controlled study. J Assist Reprod Genet, 2018;35:457-65

. National Collaborating Centre for Women’s and Children’s Health (UK).

Fertility: Assessment and treatment for people with fertility problems.
London: Royal College of Obstetricians & Gynaecologists, 2013 Feb

. Practice Committees of the American Society for Reproductive Medicine

and the Society for Assisted Reproductive Technology. Blastocyst culture
and transfer in clinical-assisted reproduction: A committee opinion. Fertil
Steril, 2013;99:667-72

. Phillips SJ, Dean NL, Buckett WM, Tan SL. Consecutive transfer of day 3 em-

bryos and of day 5-6 blastocysts increases overall pregnancy rates associ-
ated with blastocyst culture. ) Assist Reprod Genet, 2003;20(11):461-64

. Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group

of Embryology. The Istanbul consensus workshop on embryo assessment:
proceedings of an expert meeting. Hum Reprod, 2011;26(6):1270-83

. Li RS, Hwu YM, Lee RK, et al. Day 4 good morula embryo transfer provid-

ed compatible live birth rate with day 5 blastocyst embryo in fresh IVF/ET
cycles. Taiwan ) Obstet Gynecol, 2018;57:52-57

. Schoolcraft WB, Gardner DK, Lane M, et al. Blastocyst culture and transfer:

Analysis of results and parameters affecting outcome in two in vitro fertil-
ization programs. Fertil Steril, 1999;72(4):604-9

CSRM. The Fourth Session of the committee of Chinese Society of
Reproductive Medicine (CSRM) consensus on key indicators for quality
control in ART clinical operation. ) Reprod Med, 2018;29:825-35

Yin Y, Chen G, Li K, et al. Propensity score-matched study and meta-anal-
ysis of cumulative outcomes of day 2/3 versus day 5/6 embryo transfers.
Front Med, 2017;11:563-69

Yang L, Cai S, Zhang S, et al. Single embryo transfer by Day 3 time-lapse
selection versus Day 5 conventional morphological selection: A random-
ized, open-label, non-inferiority trial. Hum Reprod, 2018;33:869-76

Magli MC, Jones GM, Gras L, et al. Chromosome mosaicism in day 3 aneu-
ploid embryos that develop to morphologically normal blastocysts in vitro.
Hum Reprod, 2000;15(8):1781-86

Braude P, Bolton V, Moore S. Human gene expression first occurs between
the four-and eight-cell stages of preimplantation development. Nature,
1988;332:459-61

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

€928737-7

CLINICAL RESEARCH

De Vos A, Van Landuyt L, Santos-Ribeiro S, et al. Cumulative live birth rates
after fresh and vitrified cleavage-stage versus blastocyst-stage embryo
transfer in the first treatment cycle. Hum Reprod, 2016;31:2442-49

Glujovsky D, Farquhar C, Quinteiro Retamar AM, et al. Cleavage stage ver-
sus blastocyst stage embryo transfer in assisted reproductive technology.
Cochrane Database Syst Rev, 2016;30:CD002118

Martins WP, Nastri CO, Rienzi L, et al. Blastocyst vs cleavage-stage embryo
transfer: Systematic review and meta-analysis of reproductive outcomes.
Ultrasound Obstet Gynecol, 2017;49:583-91

Behr B, Pool TB, Milki AA, et al. Preliminary clinical experience with hu-
man blastocyst development in vitro without co-culture. Hum Reprod,
1999;14:454-57

Shen S, Rosen MP, Dobson AT, et al. Day 2 transfer improves pregnancy
outcome in in vitro fertilization cycles with few available embryos. Fertil
Steril, 2006;86:44-50

Kang SM, Lee SW, Jeong HJ, et al. Clinical outcomes of elective single mor-
ula embryo transfer versus elective single blastocyst embryo transfer in
IVF-ET. J Assist Reprod Genet, 2012;29:423-28

Lee SH, Lee HS, Lim CK, et al. Comparison of the clinical outcomes of day
4 and 5 embryo transfer cycles. Clin Exp Reprod Med, 2013;40:122-25

Holschbach V, Weigert J, Dietrich JE, et al. Pregnancy rates of day 4 and day
5 embryos after culture in an integrated time-lapse incubator. Reprod Biol
Endocrinol, 2017;15:37-44

Dar S, Lazer T, Shah PS, Librach CL. Neonatal outcomes among singleton
births after blastocyst versus cleavage stage embryo transfer: A systemat-
ic review and meta-analysis. Hum Reprod Update, 2014;20:439-48

Maheshwari A, Hamilton M, Bhattacharya S. Should we be promoting em-
bryo transfer at blastocyst stage? Reprod Biomed Online, 2016;32:142-46

ZhuJ, Lin S, Li M, et al. Effect of in vitro culture period on birthweight of
singleton newborns. Hum Reprod, 2014;29:448-54

Luke B, Brown MB, Wantman E, Stern JE. Factors associated with monozy-
gosity in assisted reproductive technology pregnancies and the risk of re-
currence using linked cycles. Fertil Steril, 2014;101(3):683-89

Ding J, Yin T, Zhang Y, et al. The effect of blastocyst transfer on newborn
sex ratio and monozygotic twinning rate: An updated systematic review
and meta-analysis. Reprod Biomed Online, 2018;37:292-303

Lonergan P, Rizos D, Gutierrez-Adan A, et al. Effect of culture environment
on embryo quality and gene expression — experience from animal studies.
Reprod Biomed Online, 2003;7:657-63

Tao J, Tamis R, Fink K, et al. The neglected morula/compact stage embryo
transfer. Hum Reprod, 2002;17(6):1513-18

Vassena R, Boué S, Gonzalez-Roca E, et al. Waves of early transcriptional
activation and pluripotency program initiation during human preimplan-
tation development. Development, 2011;138(17):3699-709

Lesny P, Killick SR, Tetlow RL, et al. Uterine junctional zone contractions
during assisted reproduction cycles. Hum Reprod Update, 1998;4(4):440-45

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



