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Context: When comparing success rates between treatments, it is more appropriate 
to structure analyses in terms of equivalence rather than traditional analyses 
that assess differences. Unfortunately, no studies of elective single blastocyst 
transfer (eSBT) have been conducted in this manner. Aims: The objective of this 
study was to assess clinical equivalence of in vitro fertilization success rates among 
patients undergoing eSBT. Settings and Design: A historical prospective study was 
conducted at a private fertility center. Methods: Medical records were reviewed 
to	 identify	 patients	 eligible	 for	 eSBT.	 Equivalency	 of	 success	 rates,	 defined	 as	
no	 more	 than	 a	 10%	 difference	 based	 on	 95%	 confidence	 intervals	 (CIs),	 was	
compared between eSBT (n = 125) and eDBT (n = 213) groups. Results: Using 
traditional analysis techniques, no differences in pregnancy or live‑birth rates were 
seen (eSBT: 84.6% vs. eDBT: 84.5%, P =	0.99;	 eSBT:	 65.3%	vs.	 eDBT:	 72.3%, 
P =	0.23).	The	95%	CI	around	the	difference	in	pregnancy	rates	ranged	from	‒7.9	
to 8.1, suggesting clinically equivalent pregnancy rates. Clinical equivalence was 
not	 established	 for	 live‑births	 (95%	 CI	 =	 −18.5–4.5).	 Conclusions: Findings 
suggest comparable pregnancy rates can be achieved in a clinical setting when 
utilizing eSBT in good‑prognosis patients. Although live‑birth rate equivalence 
was not demonstrated, it is thought the additional complications associated with 
multiple gestations outweigh the potentially higher live‑birth rate. The present 
study highlights the importance of utilizing equivalence analyses when making 
statements regarding the similarity of two treatments in reproductive health, rather 
than relying on superiority analyses alone.
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advise that eSET should be more readily applied with 
blastocyst, rather than cleavage, stage embryos, as 
higher success rates are generally seen.[1‑3] Despite this 
recommendation, studies of eSET at the blastocyst 
stage are limited.[4‑11] The only existing randomized trial 
found no differences in implantation or pregnancy rates 
between eSET and double‑embryo transfer.[6] Cohort 

Introduction

In an effort to combat the high rate of multiple 
gestation pregnancies commonly seen in 

in vitro fertilization (IVF), elective single‑embryo 
transfer (eSET) has been proposed. However, patients 
may be reluctant to undergo eSET due to the perceived 
risk of decreased success associated with the transfer 
of fewer embryos. Both the American Society for 
Reproductive Medicine (ASRM) and the Society for 
Assisted Reproduction (SART) in the US and the 
Society of Obstetricians and Gynaecologists of Canada 
and the Canadian Fertility and Andrology Society 
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study results are heterogeneous, with one study showing 
a	 significant	 reduction	 in	 pregnancy	 rates	 in	 eSET,[7] 
four	 reporting	 no	 significant	 differences,[4,5,9,11] and two 
reporting differences among select patients.[8,10]

Although research at the blastocyst stage has increased, 
gaps	exist.	Only	 two	blastocyst	 stage	 studies	 specifically	
stated that donor‑recipient cycles were included,[4,10] 
though	 these	 patients	 are	 an	 identified	 target	 group	 for	
eSET.[1,3] Furthermore, not all single‑embryo transfers 
in existing studies were elective, suggesting that the 
groups considered may not be truly comparable.[11] 
Finally, even though these studies assess whether similar 
success rates can be obtained in eSET, all analyses utilize 
superiority techniques. To properly assess whether two 
procedures are similarly successful, analyses evaluating 
the similarity of success rates should be undertaken, 
rather than analyses that focus on their differences. This 
has been done previously in one cleavage stage study;[12] 
however, no blastocyst stage studies have been evaluated 
in this manner. Here, we apply equivalence analysis 
methodology and demonstrate how differences in choice 
of analytic method can result in differing conclusions.

Methods
The aim of the present study was to assess whether 
similar success rates are seen in good prognosis patients 
undergoing elective single blastocyst transfer (eSBT) 
compared to those opting for elective double blastocyst 
transfer	 (eDBT)	 and	 to	 contrast	 these	 findings	 with	
traditional superiority analyses.

The present investigation is a retrospective cohort 
study of medical records from a private fertility center. 
Consistent with SART/ASRM recommendations,[1] center 
guidelines recommend eSET for: (a) autologous patients 
age <35 years or patients of any age undergoing a 
donor‑recipient cycle, and (b) patients with at least three 
fair to good quality blastocysts. Patients meeting these 
criteria are counseled regarding possible complications of 
multiple	 gestation	 pregnancies,	 and	 the	 potential	 benefit	
of single‑embryo transfer; however, the decision of 
whether to transfer one or two embryos is left up to the 
patient.

All fresh IVF cycles from January 1, 2006 to December 
31, 2011 were reviewed to identify patients who were 
eligible	 for	 eSET.	 Patients	 were	 stratified	 according	
to the number of embryos they elected to transfer, and 
comparability of pregnancy and live‑birth rates was 
assessed.

Controlled ovarian hyperstimulation consisted 
of standard gonadotropin‑releasing hormone 
downregulation, followed by use of human 

menopausal	 gonadotropin	 (75	 IU)	 and	 recombinant	
follicle‑stimulating	 hormone	 (75–300	 IU).	 Human	
chorionic gonadotropin (hCG) was administered when 
two or more follicles reached a diameter of 18 mm. 
Luteal	 support	 consisted	 of	 50	 mg	 intramuscular	 (IM)	
progesterone in oil and 4 mg estradiol administered 
orally and continued through 10 weeks gestation in 
women who became pregnant.

For donor‑recipients, the endometrium was prepared 
using 0.1 mg transdermal estrogen replacement 
patches, adjusted up to six to achieve an estradiol level 
300–500	 pg/ml.	 Luteal	 support	 consisted	 of	 100	mg	 IM	
progesterone in oil, and estrogen and progesterone were 
continued through 10 weeks gestation.

Standard insemination versus intracytoplasmic sperm 
injection was performed as clinically appropriate. 
Blastocyst grading was done on the day of blastocyst 
transfer (day 5), based on criteria described by Gardner 
and Schoolcraft.[13] Blastocysts were graded as good if 
the inner cell mass consisted of many, tightly packed 
cells, and the trophoblast was comprised of many cells 
forming a cohesive epithelium, or a few cells forming a 
loose epithelium. Blastocysts with very few cells either 
in the inner cell mass or the trophoblast, early blastocysts 
with no inner cells mass, and morula stage embryos were 
graded as poor.

Clinical	 pregnancy	 was	 defined	 as	 the	 presence	 of	 a	
fetal heartbeat on ultrasound examination. Patients 
whose beta‑hCG levels following embryo transfer were 
indicative of pregnancy but did not progress to a clinical 
pregnancy were considered not pregnant. Implantation 
rate was calculated by dividing the number of fetal 
sacs observed on ultrasound by the number of embryos 
transferred. Pregnancy rate was expressed as the number 
of cycles with at least one fetal heartbeat divided by 
the	 number	 of	 embryo	 transfer	 procedures.	 Live‑birth	
was	 defined	 as	 the	 birth	 of	 a	 living	 infant;	 live‑birth	
rate was expressed as the number of cycles with at least 
one live‑birth divided by the number of embryo transfer 
procedures. Patient characteristics were compared 
between eSBT and eDBT groups using Chi‑square for 
categorical variables and t‑test for continuous variables.

Subsequently, an equivalence analysis was conducted to 
evaluate the similarity of pregnancy and live‑birth rates 
between groups. Traditional statistical analyses focus on 
determining whether two treatments are different from 
one another, a concept known as superiority. Conversely, 
with equivalence analyses, the focus is on how similar 
two groups are. The appropriate response for a null 
finding	 in	 a	 superiority	 analysis	 is	 that	 we	 cannot	 say	
the two groups are different; however, this does not 
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necessarily mean they are the same or equal. Thus, 
researchers have pointed out that it is inappropriate to 
conclude that two treatments are similar when utilizing 
traditional superiority statistics, such as Chi‑square, 
rather than techniques that evaluate whether success rates 
fall within a predetermined range of equivalence.[14]

While we cannot expect treatments to be exactly the 
same, we can establish an acceptable difference between 
the two that might not be considered clinically relevant. 
Once this has been done, analysis focuses on whether 
confidence	 intervals	 (CIs)	 around	any	observed	difference	
falls within this acceptable range. Therefore, in line with a 
previous study,[12] the predetermined difference to establish 
clinical equivalence was set at 10%, indicating that the CIs 
around the difference in the pregnancy and live‑birth rates 
between the two groups should not exceed this magnitude. 
It is thought that a 10% decrease would be viewed 
as an acceptable risk among couples undergoing IVF 
given	 the	 prospective	 benefit	 of	 a	 singleton	 pregnancy.	
Chi‑square tests were also conducted to assess whether 
rates	 significantly	 differed	 between	 groups	 to	 facilitate	
comparison with previous literature. Analyses were 
subsequently	 stratified	 by	 cycle	 type.	 To	 confirm	 that	
performing eSBT was successful in reducing multiples, 
rates of multiple gestations were compared. For all 
superiority analyses, a two‑sided P = 0.05 was considered 
statistically	 significant.	 Analyses	 were	 conducted	 using 	
SPSS 20 for Windows (IBM Corp., Armonk, NY).

The study was granted a Health Insurance Portability and 
Accountability Act waiver and received ethics approval 
from the University of California, San Diego Human 
Research Protection Program.

Results
Among 338 patients eligible for eSET, 125 opted to 
transfer a single blastocyst, while 213 (63.0%) chose 
to transfer two [Table 1]. Compared to the eDBT 
group, eSBT patients were slightly less likely to be 
undergoing	 an	 autologous	 cycle	 (61.6%	 vs.	 71.4%, 
P =	 0.07),	 and	 women	 using	 their	 own	 oocytes	 in	 the	
eSBT	 group	 were	 significantly	 younger	 (30.9	 years	
vs.	 31.7	 years, P = 0.03). Women in the eSBT group 
had a lower body mass index (BMI) than those in the 
eDBT group (22.3 vs. 23.4, P = 0.009), more oocytes 
retrieved	(17.2	vs.	14.8, P < 0.001), and a higher number 
of fertilized oocytes (11.1 vs. 9.6, P = 0.004).

Two patients in the eSBT group were missing cycle 
outcome information. Implantation rate was higher in 
the eSBT group compared to eDBT (82.4% vs. 64.8%, 
P < 0.001), though no difference in pregnancy rates 
were seen (P = 0.99) [Table 2]. Pregnancy rates reached 
84.6% in the eSBT group and 84.5% in the eDBT group, 

indicating a 0.1% higher rate in the eSBT group. The 
95%	CI	 around	 this	 difference	 ranged	 from	 −7.9	 to	 8.1,	
suggesting	 the	 pregnancy	 rate	 in	 eSBT	 could	 be	 7.9%	
lower than the eDBT group or 8.1% higher. Therefore, 
based	 on	 previously	 defined	 criteria,	 clinical	 equivalence	
was demonstrated overall as the 95% CI did not reach 
10% in either direction (suggesting that neither group had 
more than a 10% increased chance of becoming pregnant). 
Among autologous cycles only, correspondingly high 
pregnancy rates were observed (eSBT: 86.8% and eDBT: 
83.6%). Although these rates did not differ (P = 0.52), 
clinical equivalence was not established as the upper limit 
of	the	95%	CI	crossed	10%	(−6.4%–12.8%).	However,	the	
95% CI favored eSBT, suggesting that those who elected 
to have a single blastocyst transferred could have up to a 
12.8% increased chance of becoming pregnant. Similarly, 
among donor cycles, no statistical differences were seen 
in pregnancy rates (80.9% vs. 86.9%, P = 0.39), while the 
95%	CI	exceeded	10%	(−20.1%–8.1%),	this	time	in	favor	
of eDBT.

Overall, 48 pregnancies were ongoing 
(28 eSBT, 20 eDBT) and pregnancy outcome was 
unknown	in	two	additional	eDBT	pregnancies.	Live‑birth	
rates were slightly lower among those opting for eSBT 
compared	 to	 those	 choosing	 eDBT	 (65.3%	 vs.	 72.3%, 
P = 0.23) [Table 3]. Referring to the 95% CI around the 
difference in live‑birth rates, clinical equivalence was 
not	established,	as	 the	interval	ranged	from	−18.5	to	4.5,	
indicating that compared to the eDBT group, patients in 
the eSBT group could have as much as an 18.5% lower 
chance or up to a 4.5% higher chance of achieving a 
live‑birth. Similar outcomes were seen among autologous 
and donor‑recipient cycles individually, where slightly 
lower,	 nonsignificant	 differences	 in	 live‑birth	 rates	 were	
seen	 in	 the	 eSBT	 group	 (64.4%	 vs.	 73.7%, P = 0.19 
and	 66.7%	 vs.	 69.0%, P = 0.82, respectively), with an 
inability	 to	 establish	 clinical	 equivalence	 (−23.6%–5.0%	
and	−21.8%–17.2%,	respectively).

To assess whether pregnancy and live‑birth rates were 
influenced	 by	 significant	 differences	 between	 eSBT	 and	
eDBT groups, rates adjusted for these characteristics 
were calculated. Among all patients, after controlling 
for BMI, number of oocytes and number of fertilized 
oocytes, pregnancy, and live‑birth rates were slightly 
lower in the eSBT group compared to the eDBT group, 
but	 were	 not	 significantly	 different	 (84.3%	 vs.	 84.6%, 
P =	0.95,	 and	63.9%	vs.	73.3%, P = 0.11, respectively). 
The 95% CI around the difference in pregnancy rates 
shifted	 slightly,	 ranging	 from	 −8.4%	 to	 7.8%,	 again	
demonstrating clinical equivalence. The 95% CI around 
the difference in live‑birth rates was comparable to that 
of	 the	 crude	 rates	 (−20.9%–2.1%),	 with	 an	 inability	 to	
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establish clinical equivalence. Examining autologous 
cycles only, pregnancy rates remained slightly higher 
in the eSBT group compared to the eDBT group 
(86.7%	 vs.	 83.6%, P = 0.56), while live‑birth rates 

were	 slightly	 lower	 (62.3%	 vs.	 74.6%, P = 0.10), after 
adjusting for autologous patient age, BMI, number 
of oocyte retrieved, and number of fertilized oocytes. 
Clinical equivalence could not be demonstrated for either 
pregnancy	 (95%	 CI	 =	 −6.5–12.7%)	 or	 live‑birth	 rates	
(−26.7%–2.1%)	 among	 autologous	 cycles	 based	on	95%	
CIs around the difference in adjusted rates.

As expected, pregnancies in the eDBT group were 
significantly	 more	 likely	 to	 be	 multiple	 gestations	
than those in the eSBT group (53.9% vs. 8.5%, 
P < 0.001) [Table 4].

Table 1: Patient and cycle characteristics of elective single blastocyst transfer (eSBT) versus elective double blastocyst 
transfer (eDBT) groups

Characteristic eSBT (n=125) eDBT (n=213) P*
Autologous cycles (%) 61.6 71.4 0.07
Age† (mean, years) 30.9 31.7 0.03
BMI (mean, kg/m2) 22.3 23.4 0.009
Cause of infertility (%) 0.58

Female factor 58.7 52.9
Male factor 20.2 27.0
Both female and male factor 12.8 11.1
Unexplained 8.3 9.0

History of previous pregnancies (%) 0.20
Yes 96.8 99.1
No 3.2 0.9

History of previous live birth (%) 0.12
Yes 68.8 77.0
No 31.2 23.0

Previous treatment with IVF (%) 0.09
Yes 14.4 22.5
No 85.6 77.5

Number of oocytes retrieved (mean) 17.2 14.8 <0.001
Percent (%) ICSI 97.2 97.6 0.78
Number of fertilized oocytes (mean) 11.1 9.6 0.004
Peak E2 level (mean, pg/ml) 1999.4 2143.4 0.39
*Chi‑square or Fisher’s Exact Test (categorical), t‑test (continuous). †Autologous only; Oocyte donor age by cycle is not recorded‑donors 
are typically under age 25 and mean age of oocyte donors was 24.5 years

Table 2: Pregnancy rates in eSBT compared to eDBT
Cycle type eSBT pregnancy rate (%) (n=123) eDBT pregnancy rate (%) (n=213) Difference in rates 95% CI* P†

All‡ 84.6 84.5 0.1 ‑7.9‑8.1 0.99
Autologous§ 86.8 83.6 3.2 ‑6.4‑12.8 0.52
Donor‖ 80.9 86.9 ‑6.0 ‑20.1‑8.1 0.39
*95%	confidence	interval	around	the	difference	in	rates.	†P calculated for Chi‑square statistic. ‡Implantation rate: eSBT, 82.4%; eDBT, 
64.8%, P<0.001. §eSBT: n=76;	eDBT:	n=152. ‖eSBT: n=47;	eDBT:	n=61

Table 3: Livebirth raCtes in eSBT compared to eDBT
Cycle type eSBT livebirth rate (%) (n=95) eDBT livebirth rate (%) (n=191) Difference in rates 95% CI* P†

All 65.3 72.3 ‑7.0 ‑18.5‑4.5 0.23
Autologous‡ 64.4 73.7 ‑9.3 ‑23.6‑5.0 0.19
Donor§ 66.7 69.0 ‑2.3 ‑21.8‑17.2 0.82
*95%	confidence	interval	around	the	difference	in	rates.	†P calculated for Chi‑square statistic. ‡eSBT: n=59; eDBT: n=133, §eSBT: n=36; 
eDBT: n=58

Table 4: Multiple gestation pregnancies in eSBT 
compared to eDBT

ET Group Rate of multiple gestation 
pregnancies (%)

P*

eSBT (n=94) 8.5 <0.001
eDBT (n=165) 53.9
*P calculated for Chi‑square statistic
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Discussion
Among	 all	 patients	 eligible	 for	 eSBT,	 no	 significant	
differences were seen in pregnancy or live‑birth rates 
between patients opting to transfer a single embryo 
and those who transferred two. However, we were only 
able to demonstrate “clinical equivalence” in pregnancy 
rates overall between the eSBT and eDBT groups. The 
95% CI around the difference in overall pregnancy rates 
ranged	from	−7.9%	to	8.1%,	meaning	that	neither	group	
had more than a 10% increase over the other. We were 
unable to show clinical equivalence for live‑birth rates 
or among patients utilizing donor oocytes. Estimates 
were not materially different controlling for baseline 
differences between groups. Since this study took place 
over a short time span among a highly select group of 
patients, it is possible that the small number of eligible 
women may have impacted our ability to establish 
clinical	equivalence	as	variability	in	CIs	is	influenced	by	
population size. Nevertheless, eSBT did accomplish the 
intended task of reducing multiple gestation pregnancies, 
as the proportion of multiples in the eSBT group was 
significantly	lower	than	the	eDBT	group.	These	findings	
highlight the importance of considering not only 
traditional superiority analyses in the assessment of 
clinical success rates, but also equivalence studies, as 
the conclusions reached differ based on the methodology 
selected.	 This	 is	 especially	 important	 in	 a	 field	 like	
reproductive medicine, where patients and their doctors 
need to make decisions that weigh potential decreases 
in success over the increased risks associated with 
alternative procedures.

Baseline differences between the eSBT and eDBT groups 
in the present study suggest that although clinic guidelines 
exist, there may remain inherent biases and reservations 
among patients and physicians regarding the procedure. 
Although eSBT is supposed to be promoted among 
select patients, more than half opted for eDBT, and 
discrepancies in patient characteristics raise the possibility 
that physicians may be more likely to encourage the 
procedure to certain types of patients. Thus, it is thought 
the present study demonstrates the utility of an eSET 
policy on pregnancy and live‑birth rates in current clinical 
practice, providing an evaluation of current performance 
rather	than	procedural	efficacy.	While	the	high	pregnancy	
and	live‑birth	rates	in	the	current	study	reflect	the	strength	
of the clinical program at this fertility center,[4‑11] they 
also suggest that eSET policies could be strengthened 
to further reduce the extremely high rate of multiples 
seen (54% among eDBT patients and an unexpectedly 
high rate of monozygotic twinning [8%] overall).

As	this	is	 the	first	study	to	consider	clinical	equivalency	
at the blastocyst stage, we are unable to directly 

compare	 our	 findings	 to	 other	 studies.	 While	 previous	
researchers may have stated that success rates observed 
were similar between groups, the accuracy of these 
conclusions are questionable because equivalency 
analyses were not performed.[15] Had we not performed 
equivalence analyses, we also would have concluded 
pregnancy and live‑birth rates did not differ between 
groups, consistent with existing literature.[4‑6,8,9,11] This is 
important as the true intention of these studies should 
be to establish whether two procedures result in similar 
outcomes to facilitate use in a clinical setting. Results 
from the present study are in accord with results from 
the one cleavage stage study that utilized equivalency 
analysis. Thurin et al. were also unable to establish 
that live‑birth rates were similar as the 95% CI around 
the	 difference	 exceeded	 10%,	 ranging	 from	 −	 11.6%	
to 3.4%;[12] pregnancy rates were not assessed. 
Notably, this cleavage‑stage study was a randomized 
controlled trial among autologous patients only, and 
intent‑to‑treat analyses were based on cumulative 
live‑birth rates following the transfer of one fresh plus 
one frozen embryo in the eSET group. In comparison, 
our study focused on the original fresh transfer cycle, 
and both autologous and donor‑recipient cycles were 
included. Even with this additional frozen transfer cycle 
considered, the live‑birth rates in our study were higher 
than what was observed by Thurin et al. at the cleavage 
stage	(eSBT	=	65.3%	and	eDBT	=	72.3%	vs.	27.6%	and	
42.9%, respectively).

To assess why pregnancy rates were more similar 
than live‑birth rates, outcome of all pregnancies were 
assessed. Excluding ongoing pregnancies, rates of 
spontaneous abortions were slightly higher in the eSBT 
group	 compared	 to	 eDBT	 group	 (17.1%	 vs.	 10.8%),	
though	 this	 difference	 was	 not	 significant	 (P = 0.15). 
Subsequently, we looked at any the loss of any fetus, 
either by spontaneous abortion or stillbirth, meaning that 
if a woman was pregnant with twins and ultimately gave 
birth to only one live infant, she would be included as 
having a fetal loss although she had a live birth. When 
considering spontaneous abortion in this manner, rates 
of fetal loss were more similar between eSBT and eDBT 
groups	 (13.7%	 vs.	 12.8%, P = 0.86), suggesting that 
having an additional embryo implant may increase the 
chances of at least one live birth. A similar phenomenon 
has previously been described among a wider range of 
patients, whereby the “take‑home” baby rate appears 
to be higher in twin gestation pregnancies compared 
to singleton pregnancies,[16‑20] although rates of partial 
embryonic loss are similar.[17,20] Within the eDBT group 
alone, 10.4% of known singleton pregnancies resulted 
in complete spontaneous abortion, compared to 2.6% 
of the multiple gestation pregnancies (P = 0.12), and 
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12.5% of singleton pregnancies in the eSBT group. 
Since the overall pregnancy rates in the eSBT and eDBT 
groups were similar, it may be important to examine 
risk for spontaneous abortion when evaluating patients 
best suited for eSBT, in addition to the clinical factors 
already taken into consideration.

Due to the retrospective nature of the study, we cannot 
be certain that all patients in our study sample were 
counseled regarding eSET; however, we know that they 
were	 eligible	 for	 eSET	 based	 on	 predefined	 inclusion	
guidelines and that all physicians at this center are aware 
that they should be discussing eSET with appropriate 
patients.	 Although	 the	 goal	 was	 to	 evaluate	 efficacy	
of the procedure overall, we endeavored to address 
baseline differences between the eSBT and eDBT 
groups by providing adjusted equivalence estimates. 
Nevertheless, this study demonstrates the use of eSBT in 
a practice‑based clinical setting and illustrates its impact 
on	IVF	success	rates	in	a	predefined	clinical	population.

This study shows that comparable pregnancy rates 
can be achieved in a clinical setting when utilizing 
eSET	 at	 the	 blastocyst	 stage	 in	 a	 defined	 group	 of	
good prognosis patients. Although clinical equivalency 
could not be demonstrated, similarly high live‑birth 
rates were seen among those undergoing elective 
single‑ and double‑blastocyst transfer. It is thought that 
the additional complications associated with multiple 
gestation pregnancies outweighs the slightly higher 
live‑birth rate seen in eDBT. The differences in eligible 
patients opting for and out of eSET and the unreasonably 
high rate of multiple gestations among those opting out 
suggests that clinics should consider stronger policies 
defining	when	eSET	should	be	performed.

Conclusion
While no differences were seen in pregnancy and 
live‑birth rates using traditional superiority analyses, 
comparable success rates were demonstrated for 
pregnancy rates only using equivalence methodology.
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