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Abstract

Background: Embryo quality is a critical determinant of success in assisted reproductive technology (ART). A strong and positive
correlation between embryo quality and clinical pregnancy rate (CPR) has been reported. The aim of this study was to evaluate the
effect of transferring one good-quality embryo (GQE) alongside one poor-quality embryo (PQE) on CPR and live birth rate (LBR) in
fresh ART cycles. Methods: This retrospective cohort study included a total of 1631 women who underwent an in vitro fertilization–
intracytoplasmic sperm injection (IVF-ICSI) cycle. The study was conducted at T.C. Ministry of Health, Zeynep Kamil Women’s and
Children’s Diseases Training and Research Hospital, İstanbul, Türkiye. Patient data were obtained from medical records. Patients were
assigned to 5 different groups according to the number and quality of embryos transferred: Group 1 for 1 GQE transferred; Group 2 for
2 GQEs transferred; Group 3 for 2 embryos transferred with 1 GQE along with 1 PQE; Group 4 for 1 PQE transferred; and Group 5
for 2 PQEs transferred. Age, number of retrieved oocytes, number of captured metaphase II (MII) oocytes, number of formed embryos,
number of transferred embryos, and number of GQEs were assessed. Results: In 891 cases in which a single GQE was transferred,
the LBR was 26.3%, whereas in 126 cases in which a GQE with a PQE was transferred, the LBR was 16.7% (p < 0.001). Statistically
significant differences were observed for age (p< 0.001), number of oocytes retrieved (p< 0.001), total number of embryos obtained (p
< 0.001), number of MII oocyte numbers (p< 0.001), CPR (p< 0.01), and LBR (p< 0.001) between groups classified according to the
number and quality of the transferred embryos. The study group was also analyzed as two separate age groupings: <35 years and ≥35
years. Using a regression analysis, day 5 embryo transfer (ET) was found to improve CPRs in both age groups [relative risk (RR), 95%
confidence interval (CI): 1.875, 1.267–2.775, p = 0.002 and RR, 95% CI: 2.973 1.277–6.918, p = 0.011]. Day 5 ET improved LBR only
in <35 years age group (RR, 95% CI: 1.760, 1.174–2.639, p = 0.006). 2 GQE ETs were found to be more effective than other transfer
options in both age groups, when considering CPRs (RR, 95% CI: 2.962, 1.463–6.000, p = 0.003; and RR, 95% CI: 2.001, 1.062–3.773,
p = 0.032). Conclusions: This study indicated that the transfer of an additional PQE alongside a top-quality embryo does not have a
favorable effect on clinical pregnancy and LBR. On the contrary, the transfer of an additional PQE negatively affects LBR.
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1. Introduction
An increasing number of couples are being treated

with assisted reproductive techniques (ART) for biologi-
cal and social reasons. Strong and positive relationship be-
tween embryo quality and clinical pregnancy rate (CPR) has
been reported. Even though transferring good-quality em-
bryos (GQEs) is preferable, for a large number of patients
without GQEs, the transfer of poor-quality embryos (PQEs)
is unavoidable [1,2].

A study comparing outcomes in patients undergoing
single embryo transfer and double embryo transfer have
conflicting results including both an improvement or no
benefit on live birth rate [3]. A systematic review and meta-

analysis of 85 studies concluded that, in women under 40
years old or in the presence of GQE, single embryo trans-
fer (SET) should be implemented. In the absence of GQEs,
double embryo transfer (DET) may be preferable [4]. A
retrospective study reported that live birth rate (LBR) were
significantly higher with SET than with DET [5]. Although
SET has become a suggested approach over time, multiple
embryo transfers are still common in clinical practice [6].
Some in vitro fertilization (IVF) clinics are supporting mul-
tiple embryo transfers, as it has been previously reported
that DET transfer increases pregnancy and LBR [7,8]. In a
systematic review and meta-analysis of 5 randomized con-
trolled trials, single blastocyst stage transfer was associated
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with a higher ongoing pregnancy rate and birth rate than
single cleavage stage transfer [9].

Advanced age, poor ovarian reserve, and a history of
previous failed ART cycles are predictors of poor progno-
sis. Multiple embryo transfer is often considered in this pa-
tient group [10]. However, this patient group has a limited
number of embryos, with good quality embryos either ab-
sent or few. Therefore, the clinician may decide to transfer
PQE in addition to GQE to improve IVF success.

There are limited studies evaluating the negative im-
pact of PQE transfer with GQE on pregnancy rates in
fresh in vitro fertilization–intracytoplasmic sperm injection
(IVF-ICSI) cycles. Thus, the aim of the current study was
to evaluate the effect of transferring 1 GQE plus 1 PQE
on clinical pregnancy and LBR in fresh ART cycles. This
information may provide guidance for the management of
residual PQEs that are not suitable for cryopreservation.

2. Materials and Methods
2.1 Study Design

This retrospective cohort study evaluated women who
underwent IVF-ICSI at the IVF clinic at Zeynep Kamil
Women’s and Children’s Diseases Training and Research
Hospital, Istanbul, Türkiye. The study protocol was ap-
proved by the Zeynep Kamil Women’s and Children’s Dis-
eases Training and Research Hospital Institutional Review
Board (Date: 17.04.2019; Number: 47). Data of 1631 cases
treated at the IVF clinic between January 2013–December
2014 were obtained from medical printed and electronic
records.

Women between 20–40 years old who submitted to
controlled ovarian stimulation (COS) for ICSI were consid-
ered eligible. Only cases undergoing fresh embryo transfer
were included in the study. In all cases, transferred em-
bryos were day 3 embryo and/or day 5 embryo. Patients
in whom oocytes could not be obtained through oocyte re-
trieval, whose sperm could not be found despite surgical
methods, who had pronucleus (PN) arrest and 3 PN de-
velopment and who had fertilization failure were excluded
from the study. In our clinic, 2 PN control is performed at
8 am and recorded.

All cases received antagonist protocol treatment with
either humanmenopausal gonadotropin or recombinant fol-
licle stimulant hormone starting from the 3rd day of men-
struation. Cetrorelix acetate was added to the treatment
when the leading follicle reached 12 to 14 mm in diameter.
When the dominant follicle reached ≥18 mm in the pres-
ence of at least two 16 mm follicles, choriogonadotropin-
alfa 250micrograms was given to trigger ovulation. Oocyte
retrieval was performed 35 to 36 hours after the human
chorionic gonadotropin injection, using a 17-gauge needle
under transvaginal ultrasound guidance.

The mature oocytes were selected for ICSI and then
cultured separately. Fertilization was confirmed by the
presence of 2 pronuclei and 2 polar bodies. Embryo qual-

ity was assessed at 43–45 hours after ICSI according to the
number, degree of the fragmentation in percentage of blas-
tomeres and the presence or absence of multiple nuclei. On
day 2, embryo quality was assessed at 67–69 hours and for a
day 2 embryo, GQE was defined as an embryo with 4 sym-
metrical blastomeres, normal size, <10% fragmentation,
and no multiple nuclei [10]. Embryos on the day 3 of de-
velopment with 8 symmetrical blastomeres, normal sized,
with <10% of fragmentation, and without multinucleation
were also considered GQE [11]. We included patients who
had day 3 or 5 embryo transfers.

Patients were assigned to 5 different groups according
to the number and quality of embryos transferred. Group
1 for 1 GQE transferred; Group 2 for 2 GQEs transferred;
Group 3 for 2 embryos transferred with 1 GQE along with
1 PQE; Group 4 for 1 PQE transferred; and Group 5 for 2
PQEs transferred. Single embryo transfer was performed in
the first 2 attempts in patients under 35 years of age. At 24
hours after oocyte retrieval, patients began receiving luteal
phase supplementation.

In patients under the age of 35 years, a single em-
bryo transfer was performed in the first 2 IVF cycles, and
2 embryos were transferred when 2 consecutive IVF cycles
failed. In patients aged 35 years and over, 2 embryos were
transferred in accordance with Turkish legislation, regard-
less of previous treatment success.

The presence of a gestational sac by ultrasound after
5 weeks was defined as clinical pregnancy. Live birth was
defined as at least 1 live baby born after 28 weeks of gesta-
tion. Clinical pregnancy per embryo transfer (ET) was de-
fined as CPR and live birth per ET as LBR. Age, number of
retrieved oocytes, number of captured metaphase II (MII)
oocytes, number of formed embryos, number of transferred
embryos and of GQEs were assessed.

There was no change in culture conditions during the
study period. The embryology team consisted of the same
people. Transfers were performed by 4 clinicians using the
same technique.

2.2 Statistical Analyzes
Statistical analyses were performed using the IBM

SPSS Statistics 22.0 (IBM Corp., Armonk, NY, USA)
program. In addition to descriptive statistical methods
(mean, standard deviation), the one-way analysis of vari-
ance (ANOVA) test was used to compare normally dis-
tributed parameters in quantitative data, and the post-hoc
Tukey’s Honest Significant Difference test was used to de-
termine the group that caused the difference. The Kruskal-
Wallis test was used to compare parameters that did not fol-
low a normal distribution, and the Mann-Whitney U test
was used to establish which group produced the discrep-
ancy. A Chi-square test was employed to compare qualita-
tive data. For the multivariate analysis, the possible factors
identified with univariate analyses were further entered into
logistic regression analysis to determine independent
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Table 1. Demographic characteristics, controlled ovarian stimulation cycle related laboratory, oocyte and embryo results for transferred embryo quality groups.
Transferred embryo quality groups

p
Group 1: 1 GQE; n = 891 Group 2: 2 GQEs; n = 109 Group 3: 1 GQE + 1 PQE; n = 126 Group 4: 1 PQE; n = 450 Group 5: 2 PQE; n = 55

Age (years) mean ± SD 30.7 ± 4.0 34.6 ± 4.7 35.5 ± 3.5 31.4 ± 4.2 35.8 ± 3.4 1<0.001
Age groups, n (%) 2<0.001
20–34 years 732 (82.2) 36 (33.0) 36 (28.6) 332 (73.8) 12 (21.8)
35–40 years 159 (17.8) 73 (67.0) 90 (71.4) 118 (26.2) 43 (78.2)

Etiology of infertility, n (%) 20.436
Unexplained 309 (34.7) 35 (32.1) 49 (38.9) 164 (36.4) 20 (36.4)
Male factor 379 (42.5) 48 (44.0) 41 (32.5) 196 (43.6) 21 (38.2)
Tubal factor 203 (22.8) 26 (23.9) 36 (28.6) 90 (20.0) 14 (25.5)

Day 2 E2 (ng/L) median; (IQR) 44; (34–57) 48; (37–61) 44; (35–63) 46; (35–59) 44; (34–61) 30.136
Number of oocytes retrieved, median; (IQR) 8; (5–12)a 8; (6–13)a 6; (3–10)b 6; (2–10)b 6; (3–10)b 3<0.001
Number of MII oocytes, median; (IQR) 6; (3–9)a 7; (4–10)a 5; (3–8)b 4; (2–7)c 4; (3–6)b,c 3<0.001
Number of formed embryos, median; (IQR) 2; (1–5)b 3; (2–5)c 3; (2–4)c 1; (1–3)a 2; (2–4)b,c 3<0.001
Transfer day, median; (IQR) 9; (8–10) 9; (8–9) 9; (8–9) 9; (8–9) 8; (7–9) 30.556
Embryo day, n (%) 2<0.001
Day 3 embryo 775 (87.0) 90 (82.6) 123 (97.6) 434 (96.4) 54 (98.2)
Day 5 embryo 116 (13.0) 19 (17.4) 3 (2.4) 16 (3.6) 1 (1.8)

1One-way analysis of variance (ANOVA) test; 2Chi-square test; 3Kruskall Wallis test. GQE, good-quality embryo; PQE, poor-quality embryo; MII, metaphase II; E2, estradiol; IQR, inter quartil range
(25%–75%); SD, standard deviation. a,b,cGroups with statistically significant differences are marked with superscript letters.

Table 2. Clinical pregnancy rate and live birth rate results for transferred embryo quality groups.
Transferred embryo quality groups

p
Group 1: 1 GQE; n = 891 Group 2: 2 GQEs; n = 109 Group 3: 1 GQE + 1 PQE; n = 126 Group 4: 1 PQE; n = 450 Group 5: 2 PQE; n = 55

Clinical pregnancy rate, n (%) 300 (33.7)a 53 (48.6)b 33 (26.2)a 76 (16.9)c 9 (16.4)c <0.001
Live birth rate, n (%) 234 (26.3)a 40 (36.7)b 21 (16.7)c 58 (12.9)c 7 (12.7)c <0.001
Kruskall Wallis test. a,b,c: Groups with statistically significant differences are marked with superscript letters.
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predictors of patient outcome. Hosmer-Lemeshow good-
ness of fit statistics were used to assess model fit. p-values
less than 0.05 were considered significant.

3. Results
The study included 1631 cases aged 20 to 40 years.

Age data were examined categorically in 2 groups as <35
years and≥35 years. Table 1 presents demographic charac-
teristics, infertility etiology, menstrual cycle day 2 estradiol
(E2) values, the number of oocytes retrieved, the number of
embryos obtained, and the day of the transferred embryo
results according to the groups. The groups were found to
be statistically similar in terms of infertility etiology, men-
strual cycle day 2 E2 values, and the day of the treatment
when the transfer was made (p > 0.05) (Table 1).

The ages differed significantly based on the quality of
the transferred embryos (p< 0.01). The number of oocytes
retrieved in the 1 GQE group and 2 GQEs group were sta-
tistically similar and the number of oocytes retrieved was
statistically higher than in groups 3, 4 and 5. Group 1 and
Group 2 were statistically similar in terms of MII oocyte
numbers. Groups with statistically different MII oocyte
numbers were identified by post-hoc analysis. The number
of embryos obtained from Group 1 cases was statistically
significantly lower than the number of embryos obtained
from Groups 2 and 3. The number of embryos obtained
fromGroup 4 cases was found to be significantly lower than
all groups.

CPR and LBT for the 5 groups are presented in Ta-
ble 2. CPR for caseswhere 2GQEswere transferred (Group
2) were found to be significantly higher than those for cases
where 1GQE and 1 PQEwere transferred (Group 3) (48.6%
vs. 26.2%, respectively, p < 0.05). CPR were statistically
similar between single embryo transfer (Group 1) and 1
GQE + 1 PQE transfer (Group 3) groups (33.7% vs. 26.2%,
respectively, p > 0.05). LBR were statistically similar
among the groups in which at least 1 PQE was transferred
(Group 3, 4 and 5). LBR for Group 3 in which 1 PQE with
1 GQEwas transferred were found to be significantly lower
than Group 1 and Group 2 (16.7% vs. 26.3%–36.7%, p <

0.05). There was no statistical evidence that transferring a
PQE over a GQE affected pregnancy rates. Transfer of a
PQE together with a GQE resulted in a statistically signif-
icant lower live birth rate compared to transfer of a single
GQE or 2 GQEs (p < 0.001).

The cases included in the study were between 20–40
years of age. The study group was divided into 2 categories
as <35 years of age and ≥35 years of age. The regres-
sion analysis results to determine independent predictors of
CPRs and LBRs for each age category are presented in Ta-
bles 3,4. Day 5 ET improved the CPRs in both age groups
(relative risk (RR), 95% confidence interval (CI): 1.875,
1.267–2.775, p = 0.002 and RR, 95% CI: 2.973, 1.277–
6.918, p = 0.011). Day 5 embryo transfer improved LBRs
only in<35 years old cases. TwoGQE embryo transfer was

found to be effective than other transfer options for CPRs.
Two GQE ET was found to be decisive in improving LBRs
only for cases under 35 years of age. Regression analysis
demonstrated that 2 GQE embryo transfers had a statisti-
cally significant effect on LBRs only in cases under 35 years
of age (RR, 95% CI: 2.314, 1.164–4.601) (Tables 3,4).

4. Discussion
Based on the results of our study, we determined that

GQE transfer combined with a PQE transfer did not have a
positive effect on CPR. On the contrary, an additional PQE
negatively affects LBR.

The benefit of 2 embryo transfers is debatable in cases
where a GQE is transferred with a PQE in IVF-ICSI cy-
cles. The importance of the interaction between the em-
bryo and the endometrium in the implantation process has
been demonstrated. Poor quality embryo transfer may neg-
atively affect endometrial receptivity and may also prevent
implantation of a GQE [12,13]. The effect of transferring
a PQE as a second embryo in fresh IVF-ICSI cycles on
pregnancy rates has been studied. Some studies have re-
ported that PQE has no negative effect on GQE [14,15]. A
study reported that the transfer of a PQE accompanied by
a GQE compared to a single GQE and double GQE trans-
fer did not show a difference in LBR [14]. Pregnancy rates
and LBR have been reported to be similar when the sec-
ond embryo transferred alongside a GQE is either a GQE
or a PQE [15]. In contrast, transfer of 1 GQE and 2 GQEs
has been reported to be associated with higher implantation
and pregnancy rates than transfer of 1 GQE with 1 PQE
[16]. In the group of patients with poor prognosis, it has
been found that an additional PQE to GQE does not nega-
tively affect implantation rates, but increases live births and
multiple pregnancies [17]. In a meta-analysis, it has been
reported that DET including GQEs and PQEs does not lead
to an increase or decrease in CPR and LBR compared to a
single GQE transfer, but is associated with a higher multi-
ple pregnancy rate [18]. Similarly, Hill et al. [19] reported
that a concomitant PQE transfer does not have a negative
effect on good quality blastocyte transfer and causes a sig-
nificant increase in the risk of multiple pregnancies. It has
been stated that single GQE embryo transfer is beneficial
if GQE is obtained in women under the age of 40 years. It
has been added that DET can be planned if GQE is not ob-
tained. The same study emphasized that there is insufficient
evidence for women over 40 years of age [5]. In a group
of patients who underwent frozen-thawed embryo transfer,
no improvement in LBRs was observed with the addition
of PQE; but in patients who underwent embryo transfer at
the blastocyst stage, an increase in LBR was reported with
GQE + PQE double embryo transfer [20].

Our study demonstrated that an additional PQE trans-
fer together with GQE did not have a positive effect on CPR
and LBR. On the contrary, it was concluded that an addi-
tional PQE negatively affected LBR.
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Table 3. Logistic regression analysis of independent predictors of pregnancy outcome for 2 different age categories.
Cases <35 years old (n = 1148) Cases ≥35 years old (n = 483)

Risk factors RR (95% CI) p RR (95% CI) p

Age (years) 0.962 (0.921–1.005) 0.085 0.915 (0.803–1.043) 0.185
Number of MII oocytes 1.016 (0.983–1.050) 0.338 1.000 (0.934–1.070) 0.998
Embryo day (day 3 vs. day 5) 1.875 (1.267–2.775) 0.002 2.973 (1.277–6.918) 0.011
Group 2 (2 GQEs) 2.962 (1.463–6.000) 0.003 2.001 (1.062–3.773) 0.032
Group 3 (1 GQE+1 PQE) 0.586 (0.261–1.319) 0.197 1.203 (0.662–2.185) 0.544
Group 4 (1 PQE) 0.473 (0.343–0.652) 0.001 0.366 (0.185– 0.725) 0.004
Group 5 (2 PQEs) 0.198 (0.025–1.544) 0.122 0.701 (0.298–6.918) 0.415
95% CI, 95% confidence interval; RR, relative risk.

Table 4. Logistic regression analysis of independent predictors of live birth rate outcome for 2 different age categories.
Cases <35 years old (n = 1148) Cases ≥35 years old (n = 483)

Risk factors RR (95% CI) p RR (95% CI) p

Age (years) 0.919 (0.877–0.964) 0.000 0.914 (0.787–1.061) 0.237
Number of MII oocytes 1.024 (0.988–1.061) 0.192 1.049 (0.975–1.129) 0.196
Embryo day (day 3 vs. day 5) 1.760 (1.174–2.639) 0.006 1.405 (0.554–3.567) 0.474
Group 2 (2 GQEs) 2.314 (1.164–4.601) 0.017 1.644 (0.828–3.265) 0.156
Group 3 (1 GQE+1 PQE) 0.614 (0.248–1.520) 0.292 0.851 (0.424–1.704) 0.648
Group 4 (1 PQE) 0.524 (0.370–0.743) 0.000 0.270 (0.114–0.640) 0.003
Group 5 (2 PQEs) 1.760 (1.174–2.639) 0.999 0.832 (0.335– 2.065) 0.691

The retrospective nature of our study may be a lim-
itation. Patients were followed up with a telephone sur-
vey, which is less reliable than medical records. We did
not record any data to evaluate endometrial receptivity. It
would be a more valuable study if we could discuss en-
dometrial receptivity and pregnancy success with the data
of our cases. There may be bias in the embryo evaluation
process. In one review, the overall median distribution of
artificial intelligence models was reported as 74% (range
64%–98%, inter quartil range (IQR) = 68.5–83.5) while
the distribution of embryologists was 64% (range 53%–
76%, IQR = 55.5–69.5). Studies conducted with the re-
sults of processes involving artificial intelligence models
may change these results over time. However, the strength
of our study can be stated as being performed in a single
center and by the same competent embryologists [21].

5. Conclusions
In conclusion, our results demonstrated that an addi-

tional PQE transfer in fresh embryo transfer cycles did not
have a positive effect on CPRs and LBRs. On the con-
trary, an additional PQE negatively affected LBRs with
GQE transferred together. Evaluating the issue in different
infertile patient groups and frozen embryo transfer cycles
may provide more accurate and different results.

Availability of Data and Materials
The datasets used and analyzed during the current

study are available from the corresponding author on rea-
sonable request.

Author Contributions
BEB, İŞ and NUT designed the research study. BEB,

ÇYA, Gİ and HTK performed the research. BEB, HTK and
NUT analyzed the data. All authors contributed to writing
and editorial changes in the manuscript. All authors read
and approved the final manuscript. All authors have partic-
ipated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate
The study was conducted in accordance with the Dec-

laration of Helsinki, and the protocol was approved by
Zeynep Kamil Women’s and Children’s Diseases Training
and Research Hospital Institutional Review Board (Date:
17.04.2019; Number: 47). Since the study was retrospec-
tive, informed consent was not obtained. Patients’ personal
data were shared only with the study team.

Acknowledgment
We would like to express our gratitude to the team of

Zeynep Kamil Hospital-IVF Clinic. Thanks to all peer re-
viewers for their opinions and suggestions.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

5

https://www.imrpress.com


References
[1] Zhu J, Lian Y, Li M, Chen L, Liu P, Qiao J. Does IVF cleavage

stage embryo quality affect pregnancy complications and neona-
tal outcomes in singleton gestations after double embryo trans-
fers? Journal of Assisted Reproduction and Genetics. 2014; 31:
1635–1641. https://doi.org/10.1007/s10815-014-0351-8.

[2] Oron G, Son WY, Buckett W, Tulandi T, Holzer H. The associa-
tion between embryo quality and perinatal outcome of singletons
born after single embryo transfers: a pilot study. Human Repro-
duction. 2014; 29: 1444–1451. https://doi.org/10.1093/humrep
/deu079.

[3] Racca A, Drakopoulos P, Van Landuyt L, Willem C, Santos-
Ribeiro S, Tournaye H, et al. Single and double embryo trans-
fer provide similar live birth rates in frozen cycles. Gynecologi-
cal Endocrinology. 2020; 36: 824–828. https://doi.org/10.1080/
09513590.2020.1712697.

[4] Ma S, Peng Y, Hu L, Wang X, Xiong Y, Tang Y, Tan J, Gong
F. Comparisons of benefits and risks of single embryo transfer
versus double embryo transfer: a systematic review and meta-
analysis. Reproductive Biology and Endocrinology. 2022; 20:
20. https://doi.org/10.1186/s12958-022-00899-1.

[5] Ma S, Peng Y, Hu L, Wang X, Xiong Y, Tang Y, et al. Com-
parisons of benefits and risks of single embryo transfer versus
double embryo transfer: a systematic review and meta-analysis.
Reproductive Biology and Endocrinology. 2022; 20: 20. https:
//doi.org/10.1186/s12958-022-00899-1.

[6] Wong KY, Tan HH, Allen JC, Chan J, Ee TX,
Chua KH, et al. Outcomes and cost analysis of
single-embryo transfer versus double-embryo trans-
fer. Women’s Health. 2023; 19: 17455057231206312.
https://doi.org/10.1177/17455057231206312.

[7] Baruffi RLR, Mauri AL, Petersen CG, Nicoletti A, Pontes A,
Oliveira JBA, et al. Single-embryo transfer reduces clinical
pregnancy rates and live births in fresh IVF and Intracytoplas-
mic Sperm Injection (ICSI) cycles: a meta-analysis. Reproduc-
tive Biology and Endocrinology. 2009; 7: 36. https://doi.org/10.
1186/1477-7827-7–36.

[8] Roberts SA, McGowan L, Mark Hirst W, Vail A, Rutherford
A, Lieberman BA, et al. Reducing the incidence of twins from
IVF treatments: predictive modelling from a retrospective co-
hort. Human Reproduction. 2011; 26: 569–575. https://doi.org/
10.1093/humrep/deq352.

[9] Li Y, Liu S, Lv Q. Single blastocyst stage versus single cleav-
age stage embryo transfer following fresh transfer: A systematic
review and meta-analysis. European Journal of Obstetrics, Gy-
necology, and Reproductive Biology. 2021; 267: 11–17. https:
//doi.org/10.1016/j.ejogrb.2021.10.004.

[10] Practice Committee of the American Society for Reproductive
Medicine. Guidance on the limits to the number of embryos to
transfer: a committee opinion. Fertility and Sterility. 2017; 107:
901–903. https://doi.org/10.1016/j.fertnstert.2017.02.107.

[11] Alpha Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology. The Istanbul consensus work-
shop on embryo assessment: proceedings of an expert meeting.
Human Reproduction. 2011; 26: 1270–1283. https://doi.org/10.
1093/humrep/der037.

[12] Brosens JJ, SalkerMS, Teklenburg G, Nautiyal J, Salter S, Lucas
ES, et al. Uterine selection of human embryos at implantation.
Scientific Reports. 2014; 4: 3894. https://doi.org/10.1038/srep
03894.

[13] Macklon NS, Brosens JJ. The human endometrium as a sensor
of embryo quality. Biology of Reproduction. 2014; 91: 98. https:
//doi.org/10.1095/biolreprod.114.122846.

[14] Wintner EM, Hershko-Klement A, Tzadikevitch K, Ghetler Y,
Gonen O, Wintner O, et al. Does the transfer of a poor qual-
ity embryo together with a good quality embryo affect the In
Vitro Fertilization (IVF) outcome? Journal of Ovarian Research.
2017; 10: 2. https://doi.org/10.1186/s13048-016-0297-9.

[15] Li J, Du M, Zhang Z, Guan Y, Wang X, Zhang X, et
al. Does a poor-quality embryo have an adverse impact on
a good-quality embryo when transferred together? Journal
of Ovarian Research. 2018; 11: 78. https://doi.org/10.1186/
s13048-018-0452-6.

[16] El-Danasouri I, Sterzik K, Rinaldi L, Pacchiarotti A, DeSanto
M, Selman H. Effect of transferring a morphologically impaired
embryo with a good quality embryo on the pregnancy and im-
plantation rates. European Review for Medical and Pharmaco-
logical Sciences. 2016; 20: 394–398.

[17] Wang W, Cai J, Liu L, Xu Y, Liu Z, Chen J, et al. Does
the transfer of a poor quality embryo with a good quality
embryo benefit poor prognosis patients? Reproductive Biol-
ogy and Endocrinology. 2020; 18: 97. https://doi.org/10.1186/
s12958-020-00656–2.

[18] Xiao Y, Wang X, Gui T, Tao T, Xiong W. Transfer of a poor-
quality along with a good-quality embryo on in vitro fertiliza-
tion/intracytoplasmic sperm injection-embryo transfer clinical
outcomes: a systematic review and meta-analysis. Fertility and
Sterility. 2022; 118: 1066–1079. https://doi.org/10.1016/j.fertns
tert.2022.08.848.

[19] Hill MJ, Eubanks AE, Csokmay JM, Christy AY, Jahandideh
S, DeCherney AH, et al. Is transferring a lower-quality em-
bryo with a good-quality blastocyst detrimental to the likeli-
hood of live birth? Fertility and Sterility. 2020; 114: 338–345.
https://doi.org/10.1016/j.fertnstert.2020.03.027.

[20] Zeng C, Lu RH, Li X, Wang S, Kuai YR, Xue Q. Effect of
frozen-thawed embryo transfer with a poor-quality embryo and
a good-quality embryo on pregnancy and neonatal outcomes.
Reproductive Biology and Endocrinology. 2024; 22: 26. https:
//doi.org/10.1186/s12958-024-01194-x.

[21] Salih M, Austin C, Warty RR, Tiktin C, Rolnik DL, Momeni M,
et al. Embryo selection through artificial intelligence versus em-
bryologists: a systematic review. Human Reproduction Open.
2023; 2023: hoad031. https://doi.org/10.1093/hropen/hoad031.

6

https://doi.org/10.1007/s10815-014-0351-8
https://doi.org/10.1093/humrep/deu079
https://doi.org/10.1093/humrep/deu079
https://doi.org/10.1080/09513590.2020.1712697
https://doi.org/10.1080/09513590.2020.1712697
https://doi.org/10.1186/s12958-022-00899-1
https://doi.org/10.1186/s12958-022-00899-1
https://doi.org/10.1186/s12958-022-00899-1
https://doi.org/10.1177/17455057231206312
https://doi.org/10.1186/1477-7827-7–36
https://doi.org/10.1186/1477-7827-7–36
https://doi.org/10.1093/humrep/deq352
https://doi.org/10.1093/humrep/deq352
https://doi.org/10.1016/j.ejogrb.2021.10.004
https://doi.org/10.1016/j.ejogrb.2021.10.004
https://doi.org/10.1016/j.fertnstert.2017.02.107
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1038/srep03894
https://doi.org/10.1038/srep03894
https://doi.org/10.1095/biolreprod.114.122846
https://doi.org/10.1095/biolreprod.114.122846
https://doi.org/10.1186/s13048-016-0297-9
https://doi.org/10.1186/s13048-018-0452-6
https://doi.org/10.1186/s13048-018-0452-6
https://doi.org/10.1186/s12958-020-00656–2
https://doi.org/10.1186/s12958-020-00656–2
https://doi.org/10.1016/j.fertnstert.2022.08.848
https://doi.org/10.1016/j.fertnstert.2022.08.848
https://doi.org/10.1016/j.fertnstert.2020.03.027
https://doi.org/10.1186/s12958-024-01194-x
https://doi.org/10.1186/s12958-024-01194-x
https://doi.org/10.1093/hropen/hoad031
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Design
	2.2 Statistical Analyzes 

	3. Results
	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

