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Background: In order to decrease the high rate of multiple gestation pregnancies following in 

vitro fertilization (IVF), elective transfer of a single embryo (eSET) in good prognosis patients 

has been proposed.  The purpose of this dissertation is to evaluate the present efficacy of eSET 

policies and to investigate whether modifications to patient guidelines could better identify 

patients who should be targeted for eSET. 
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Methods: De-identified patient records from a private fertility center were reviewed to identify 

patients who had undergone IVF from 2006 through 2012.  Three analyses were undertaken: (1) 

Comparing the equivalency of pregnancy and live-birth rates between patients opting for single 

blastocyst transfer (eSBT) and double blastocyst transfer (eDBT), (2) Assessment of whether 

clinical factors associated with multiple gestation pregnancies could be identified by comparing 

multiple and singleton gestation cycles, and (3) Development of a predictive model for the 

probability of cycle failure among young patients, by examining patients younger than 35 who 

failed to achieve a live-birth and those who attained a live-birth. 

Results:  No significant differences in pregnancy and live-birth rates were observed between the 

eSBT and eDBT groups, however, clinical equivalence was only demonstrated for pregnancy 

rates.  Odds of multiple birth decreased as maternal age increased, whereas risk increased in 

cycles with a fertilization rate >80%, when embryos were transferred at the blastocyst stage, and 

when the second best embryo transferred was graded as “good”.  The most relevant early 

predictors of cycle failure among young patients were a history of previous preterm or full-term 

live-birth, biochemical pregnancies and spontaneous abortions, day 3 follicle stimulating 

hormone level, antral follicle count, and number of follicles larger than 14mm on the day of 

human chorionic gonadotropin administration.   

Conclusions: While we are moving in the right direction towards clinical efficacy in eSET, 

addressing potential gaps in clinical guidelines could further increase acceptability of the 

procedure.  In considering both clinical patient factors and embryo cohort characteristics, a more 

comprehensive profile of patients best suited for eSET could be developed that would increase 

the successfulness of the procedure, while simultaneously decreasing the high rate of multiple 

gestation pregnancies seen in IVF. 



 

1 

 

INTRODUCTION 

Infertility affects approximately two million couples in the United States,
1
 and for many 

of these couples, the desire to have children leads them to seek out professional medical help.  In 

order to combat the issue of infertility, advances in assisted reproduction have enabled couples 

who would likely have been unable to have children in the past to conceive and carrying a healthy 

child to term.  The Centers for Disease Control defines assisted reproductive technology (ART) 

as any fertility treatment in which both the egg and the sperm are handled.
2
  According to a 

national survey conducted in 2002, nearly 1.1 million women sought assistance trying to get 

pregnant in the previous year, and of those, 3% underwent ART.
1
 

There are a number of ART procedures being used today, including: in vitro fertilization 

(IVF), intracytoplasmic sperm injection (ICSI), gamete intrafallopian transfer (GIF), and zygote 

intrafallopian transfer (ZIFT).  Of these, IVF is by far the most common, accounting for more 

than 99% of all procedures performed, either with (72.9%) or without (27.0%) ICSI.
2
  Since IVF 

became available in the United States in 1981, the number of women seeking out IVF has steadily 

increased, and IVF use has doubled in the past decade.
2
  As of 2009, the number of IVF clinics in 

the U.S. had reached approximately 440, and over 1% of infants born in the U.S. were conceived 

using IVF.
2
  This equates to more than 60,000 IVF infants born in the United States each year.  

Given the number of couples in the U.S. combating infertility and the increasing availability of 

IVF, it is likely that the number of women undergoing IVF will continue to increase.  Although 

technological advancements in ART have greatly improved IVF success rates over the past 

decade,
2
 there are still a number of untoward outcomes that must be considered.  Therefore, it has 

become even more important to understand any risks and complications associated with IVF in 

order to increase both the safety and effectiveness of the procedure. 
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In vitro fertilization and multiple gestation pregnancies 

 Multiple gestation pregnancies can occur in two ways: (1) identical, or monozygotic 

twinning, which occurs when a single embryo splits into two (or more) separate zygotes, and (2) 

fraternal, or dizygotic twinning, which occurs when two (or more) separately fertilized embryos 

implant simultaneously.  Multiple gestation pregnancies place both the mother and the developing 

fetus at a higher risk for a number of pregnancy and birth complications including: hypertension 

and preeclampsia, postpartum hemorrhage, gestational diabetes, premature rupture of the 

membranes, caesarean section, preterm labor/birth, low birth weight, cerebral palsy, and fetal, 

neonatal, or infant death.
2, 3

  This is of particular concern in ART, as the risks of twins and higher 

order pregnancies are elevated in IVF-conceived pregnancies as compared to naturally-conceived 

pregnancies.
4
  Recent estimates suggest that more than 30% of births conceived via assisted 

reproduction are multiples, compared with around 2% in naturally conceived pregnancies.
3
   

A recent analysis suggested that the number of twins born in the U.S. more than doubled 

from 1980-2009, and over the past three decades, the twin birth rate rose 76% from 18.9 to 33.2 

per 1,000 live-births (or from 1.9% to 3.3% of all births).
5
  Along with the trend of increasing 

rates of twins in the U.S., there has been a shift in the overall age distribution of women giving 

birth.  Whereas in 1980 women aged 30 and older accounted for about 20% of all births in the 

United States, by 2009, they accounted for more than 35%.  This increase in older mothers would 

be expected to influence twin birth rates due to the higher rate of spontaneous twinning among 

women in their 30’s, but likely does not fully explain the full extent of this increase.
4, 5

  In order 

to assess how much of this increase was due to increasing maternal age alone, researchers 

estimated how much lower the rate of twins in the U.S. would have been if the maternal age 

distribution had not changed from 1980.
5
  They projected that had the number of births to older 

women not increased, the twin birth rate at the current time would be only 14% lower than 

currently estimated, suggesting that older maternal age accounts for only about one-third of the 
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total rise in the twin birth rate.  Therefore, researchers at the CDC concluded that the remaining 

two-thirds of the increase is likely due to the increased use of infertility treatments, including both 

assisted reproductive technologies and non-ART therapies, such as ovarian stimulation 

medications.
5
   

 However, while increases in the twin birth rate averaged more than 2% per year from 

1980 through 2004, from 2005-2009 the pace of this increase slowed to less than 1% annually.  

Likewise, whereas rates of higher order multiple pregnancies (i.e., triplets or more) have been on 

a downward trend, the rate of twins has stayed relatively stable and remains high.
4
  While a 

number of factors may be involved, one reason may be due to current guidelines recommending 

the transfer of fewer embryos in IVF, since the increase in dizygotic multiples associated with 

ART is likely due to the transfer of more than one embryo into the uterus during IVF treatment in 

order to maximize a patient’s chance of success.  However, the continued increase in twin 

gestation pregnancies attributed to ART highlights the need for further modifications to current 

IVF procedures to reduce multiple gestations. 

Elective single embryo transfer (eSET) 

In order to decrease the rate of multiple pregnancies during IVF, elective transfer of a 

single embryo in good prognosis patients thought to be at a higher risk for multiple gestation 

pregnancies has been proposed.  The Society for Advanced Reproductive Technology defines 

eSET as: “an embryo transfer in which more than one high quality embryo exists, but it was 

decided to only transfer one embryo” (pg. 1).
6
  This definition separates eSET from compulsory 

single embryo transfer, which is the transfer of one embryo due to the availability of only one 

embryo suitable for transfer, or medically-indicated single embryo transfer, where a single 

embryo is transferred because a twin pregnancy is contraindicated due to an existing medical 

condition.  However, fertility clinics and patients themselves may be reluctant to adopt an eSET 

policy due to the perceived risk of decreased success rates associated with the transfer of fewer 
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embryos.  In an effort to increase patient and clinician acceptance of eSET, the Practice 

Committee of the Society for Advanced Reproductive Technology (SART) and the Practice 

Committee of the American Society for Reproductive Medicine (ASRM) proposed a set of 

guidelines for the implementation of eSET in patients undergoing IVF.
6
  The group suggested 

that eSET is most beneficial when selectively applied according to patient characteristics and 

embryo quality, and is most appropriate for those patients with a good prognosis.  Good 

prognosis patients were defined as women younger than 35 undergoing their first or second 

treatment cycles, or who have had a prior successful IVF cycle, and recipients of embryos from 

donated oocytes, who have more than one top quality embryo available for transfer.  The SART 

and ASRM guidelines also recommend that eSET is most applicable to transfers of blastocyst 

stage embryos, due to their higher rates of implantation compared to those at the cleavage stage.   

  Research has consistently shown that rates of multiple births are significantly decreased 

in eSET compared with traditional double embryo transfer (DET).
7-10

  Therefore, it has become 

important to evaluate whether there are significant differences in live-birth rates among patients 

who undergo eSET compared to those who elect for DET that may make doctors and patients 

unwilling to opt for eSET, even given its beneficial effect on the risk of multiple pregnancy.  For 

any eSET policy to work, clinicians must maintain a balance between the risk of failure to 

achieve a live-birth following IVF, and the increased risk of multiple gestation associated with 

the transfer of multiple embryos.  One approach to addressing this balance is to better 

characterize patients at high risk for multiple gestations while concurrently recognizing the 

potential for seemingly good prognosis patients who are actually at high risk for failure during 

IVF.  

The move towards a healthy, singleton pregnancy in IVF 

Given the plethora of pregnancy complications associated with multifetal pregnancies,
3
 

some researchers have begun to suggest that the true measure of success in ART should be the 
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birth of  healthy, singleton infant,
11

 and therefore, any pregnancy other than a singleton pregnancy 

should be considered a failure.
12

  This notion highlights the importance of establishing effective 

elective single embryo transfer policies that increase the likelihood of obtaining a singleton 

pregnancy following IVF.  Thus, the goal of this dissertation as a whole is to evaluate whether 

current eSET policies can be strengthened by better targeting patients for whom eSET may be 

beneficial without sacrificing patient success rates.  One means accomplishing this goal is 

establishing clinical guidelines that more clearly identify patients at risk for multiples, as well as 

those patients who would be expected to have a good prognosis following treatment, but may 

actually be at higher risk for failure when other clinical factors are considered. By taking these 

steps, clinicians may be able to better balance the risk a multiple gestation pregnancy with the 

risk of IVF cycle failure. 

Efficacy of elective single embryo transfer 

The first step improving elective single embryo transfer practice is to investigate the 

current status of eSET under existing clinical guidelines.  Part one of this dissertation assesses 

whether comparable success rates can be achieved in clinically and demographically similar good 

prognosis patients who elect to have a single embryo transferred compared to those opting for the 

more standard double embryo transfer (eDET), while simultaneously reducing the rate of multiple 

gestation pregnancies in a clinical setting.  A number of randomized controlled trials evaluating 

eSET versus double embryo transfer (DET) at the cleavage stage have been conducted, and while 

some of these studies show decreased pregnancy and live-birth rates among women randomized 

to SET compared to those randomized to DET,
13-15

 others show no difference in rates.
16-18

  In 

cohort studies conducted in cleavage stage transfers, some showed success rates to be similar 

between SET and DET groups,
19-22

 whereas others showed higher success rates among DET 

groups.
23, 24

  Overall, these studies indicate that at the cleavage stage, it remains unclear whether 

SET results in comparable pregnancy and live-birth rates to DET.    
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Studies of eSET compared with DET with blastocyst stage embryo transfers are much 

more limited, although the reported success rates are much higher.  Thus far, one randomized trial 

has been conducted, and found no difference in implantation or pregnancy rates between the two 

groups.
25

  In existing cohort studies, the results are heterogeneous, with one study showing a 

significant reduction in pregnancy rates among women undergoing SET,
26

 while four others 

report no significant difference in pregnancy or live-birth rates between the SET and DET 

groups.
27-30

  Additionally, one study found similar pregnancy and live-birth rates among 

autologous cycles, but significantly lower rates in donor cycles,
31

 while another found 

significantly higher pregnancy rates in DET cycles among older women (aged 38-43) only.
32

  

While research in the field has begun to move towards assessing blastocyst transfers rather than 

transfers at the cleavage stage, there are lingering gaps in previous research that need to be 

addressed.     

Since success rates in eSET appear to be better when blastocyst stage embryos are used, 

as maintained by the proposed eSET guidelines, additional work is needed to provide better 

estimates of expected success rates between the two procedures at the blastocyst stage rather than 

during the cleavage stage. With regard to existing blastocyst stage studies, not all single embryo 

transfers or double embryo transfers in these studies were elective, suggesting that the groups 

considered may not be comparable, thereby biasing the estimates of success.  Additionally, the 

majority of blastocyst stage studies focus on pregnancy rates as the outcome of interest, although 

live-birth rates can be considered a better measure of success as a take-home baby is the true 

desired outcome of IVF rather than a pregnancy alone.  Finally, although these studies aim to 

assess whether similar success rates can be obtained utilizing eSET as compared with DET in a 

specific population, the analyses that have been done undertake superiority rather than non-

inferiority techniques.  As pointed out in the discussion section of a recent meta-analysis, “…if 

published studies an editorial opinions are scrutinized, their language usually refers to similar or 
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acceptably high pregnancy rates in carefully selected patients, but never claims equivalency in 

pregnancy rates” (pg. 7).
33

  Therefore, in order to truly assess the similarity of the two procedures, 

an analysis that compares how similar success rates are between the two procedures should be 

undertaken, rather than analyses that focus on whether the two are different.  This has been done 

previously in one cleavage stage study;
14

 however, no studies at the blastocyst stage have been 

evaluated in this manner.   

It is important to establish the efficacy of an eSET policy currently in practice to evaluate 

whether current guidelines are meeting the goals of maintaining similar success rates while 

increasing the proportion of singleton gestation pregnancies.  Unfortunately, current eSET 

guidelines are relatively vague, focusing mainly on patient age and embryo grade and availability, 

without taking into account a number of clinical factors that may also influence a patient’s risk 

for multiple implantation and gestation.  

Characterizing patients at risk for a multiple gestation pregnancy 

Many clinicians and researchers have suggested that patients at an increased risk for a 

multiple gestation pregnancy more specifically should be the true target group for eSET, rather 

than those thought to have a good chance of conceiving overall.  Therefore, the second part of 

this project attempts to expand upon the limited research available regarding factors that place 

patients at an increased risk of multiple gestation pregnancies during IVF.  The vast majority of 

the literature assessing the risk of twinning associated with IVF focuses on monozygotic twinning 

rather than multiple implantations,
34-51

 which is more common and more relevant to interventions 

aimed at transferring fewer embryos.  Studies that have focused on multiple implantations, or 

twinning of any type, have looked at a variety of predictors including: demographic 

characteristics (i.e., maternal age), clinical factors (i.e., infertility etiology, duration of infertility, 

estrogen levels, family history of twinning, pregnancy history, number of previous IVF cycles, 

and sperm quality), treatment aspects (i.e., gonadotropin dose, type of luteal support, and donor or 
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autologous oocytes), procedural differences (i.e., ICSI, day of embryo transfer, and sperm 

preparation and retrieval method), embryo attributes (i.e., number of retrieved oocytes, number of 

fertilized oocytes, number of embryos available for implantation, and embryo quality), and 

lifestyle traits (i.e., BMI and smoking).
52-61

 Several of the risk factors that have thus far been 

identified as being predictive of multiple gestation pregnancy are the same characteristics that 

influence IVF success overall, including  patient age, number of egg follicles, peak estrogen 

levels, number of top quality embryos, and excess embryos available for cryopreservation.
52, 53, 56, 

58-60
  

Confirmation of and expansion on these findings could help better define this population 

to guide recommendations for eSET.  Additionally, while a number of studies have focused on 

procedural characteristics such as day of embryo transfer or assisted hatching (a.k.a. zona 

pellucida micromanipulation),
37, 40, 45, 46, 48

 it is important to evaluate patient characteristics that 

could be used to identify women or couples who should be targeted for eSET, since procedural 

variables are often standard practice in a particular clinic.  If a set of clinical parameters that 

better characterize patients at risk for multiple gestation pregnancies, particularly multiple 

implantation, can be identified, physicians may be able to use these parameters to better classify 

patients in their own practices who should consider eSET.  By evaluating patients at a higher risk 

for multiple gestation pregnancies specifically, rather than patients who may be successful with 

IVF overall, guidelines could be developed that would allow clinicians to balance the 

effectiveness of eSET in reducing multiple gestation pregnancies against the potential reduction 

in IVF success that could be seen when utilizing eSET in a broader group of patients.    

Identifying “good prognosis” patients at increased risk of cycle failure 

One of the key clinical guidelines for eSET is patient age, as studies consistently show 

that younger maternal age is the strongest influencing factor on IVF success.
62-69

 Women under 

the age of 35 have mainly been targeted, as trends in treatment success rates by age show a steep 
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decline in success IVF success rates seen around age 35.  The highest pregnancy and live birth 

rates have been observed in women younger than 35 (47% and 41%, respectively), whereas 

among women older than 40, these rates are more than halved.
2
  However, although these success 

rates are promising and relatively high, these numbers indicate that more than half of patients 

younger than 35 do not have success when undergoing IVF treatment.  Therefore, it is important 

for physicians to be able to identify those patients who have a higher risk of failing to achieve a 

pregnancy with IVF, despite their young age.  The third chapter of this study attempts to 

investigate whether predictors of IVF cycle failure can be identified among women under the age 

of 35.   

A number of researchers have attempted to develop predictive models that evaluate an 

individual’s chances of success when undergoing IVF over the years, very few have looked at the 

problem in the reverse, that is, an individual’s chances of failure.  This is particularly true among 

young patients pursuing IVF.  Studies that have looked at predicting IVF success among women 

of all ages have investigated a number of factors, including demographic, clinical, and lifestyle 

characteristics, although age is consistently cited as the strongest influencing factor.
62-69

  While it 

seems intuitive that factors related to success, in the reverse, would be predictive of cycle failure, 

this is not necessarily the case, as these factors may only increase chances of success from 

baseline.  Therefore these factors should be evaluated separately with regard to cycle failure, 

especially among young women whose age alone is suggestive of a higher chance of success. 

Most studies that have considered failure among women younger than 35 have looked at 

characteristics of young poor responder (PR) patients, that is, patients who have inadequate 

follicular development and low estradiol (E2) levels following ovarian hyperstimulation, rather 

than failure among young patients overall.
70, 71

  One such study investigated whether poor 

response to treatment was due to a qualitative decline in ovarian function, as is typically seen in 

older women undergoing IVF.  This study showed that while the oocyte retrieval rate was 
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significantly lower in young PR patients as compared to patients who responded normally, and as 

a result these patients were less likely to progress to embryo transfer, the fertilization rate and 

percentage of high quality embryos were the same and similar implantation and pregnancy rates 

were seen.
70

  The authors therefore concluded that even if ovarian response is low among patients 

35 or younger, they should be encouraged to progress to egg retrieval, since the quality and 

viability of the retrieved oocytes is still high.  Similarly, another such study looked at whether 

fertilization and clinical pregnancy rates varied with age among PR patients.  This investigation 

found that while E2 levels, number of oocytes retrieved, and fertilization rates did not differ 

among PR groups based on age, PR women aged 20-30 had a significantly higher clinical 

pregnancy rate (19.3%) than women aged 31-40 (6.0%), or 40 and older (6.5%) (p<0.004).
71

  

While these findings lend support to the higher expected success rates among younger women, 

they do not help explain why some women in this age group, who are likely not poor responders, 

fail to achieve a pregnancy when undergoing IVF treatment.   

Another investigation that looked at young patients attempted to characterize women 

under the age of 35 with high order recurrent implantation failure (RIF), that is, failure to achieve 

a pregnancy following six or more consecutive IVF cycles, as compared to women who achieved 

a pregnancy within their first three IVF cycles.
72

  In this study the authors found that the variables 

associated with RIF among young patients after controlling for other clinically relevant factors 

were primarily male characteristics, such as the presence of male-factor infertility and low semen 

concentration, as well as a reduced fertilization rate.  This study did not consider IVF failure in a 

particular treatment cycle, but rather repeated cycle failure, which, while important, is less 

applicable in the United States where higher order IVF cycles are likely not an option.  Therefore, 

it is important to evaluate early clinical characteristics of young women with failed cycles in 

general to better identify those patients at risk for failure.     
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If a profile can be developed that characterizes young women at an increased risk of IVF 

failure, physicians may be able to use this risk profile to identify young patients who are likely 

not good candidates for eSET, and therefore pursue a more aggressive treatment plan.  In doing 

this, clinicians may be able to provide patients with a more accurate representation of their 

chances of success, and potentially increase their chances of conceiving by proceeding more 

carefully with treatment, which may be especially important in populations where the number of 

IVF cycles a couple is able to undergo is limited. 

Project summary 

As a whole this project aims to strengthen IVF treatment by identifying patient 

populations for whom a modified treatment plan may increase success.  Here, success is defined 

not only as a successful pregnancy and live-birth, but rather a healthy singleton pregnancy more 

likely to lead to a healthy live-birth.  The implications of these studies are varied, ranging from 

providing a means of predicting IVF failure among a group of women expected to have a high 

chance of success, to examining factors that place women at a higher risk for multiple gestation 

pregnancies overall, to establishing the current status of one clinic’s eSET program.  It is the hope 

that this study will better guide clinicians in recommending eSET to good prognosis patients at 

increased risk for multiple gestation pregnancies, and further, be able to reassure them that should 

they opt for the procedure, similar success rates can be expected, albeit with safer, singleton 

pregnancies. 
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CHAPTER 1: 

Equivalency of IVF success rates in elective single embryo transfer and elective double 

embryo transfer among a clinic-based population 

 

ABSTRACT 

Introduction:  In an effort to combat the high rate of multiple gestation pregnancies associated 

with 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.  The aim of the present study is to assess the clinical equivalence of 

IVF success rates among patients undergoing elective single blastocyst transfer (eSBT). 

Methods: A historical prospective study was undertaken at a private fertility center in southern 

California from January 2006 through December 2011.  Three hundred thirty eight patients 

eligible for eSBT based on clinic guidelines (autologous patients age < 35 or patients of any age 

undergoing a donor-recipient cycle, with at least three high quality blastocysts) were identified.  

Equivalency of pregnancy and live-birth rates were compared between patients opting for eSBT 

and those electing to have two blastocysts transferred (eDBT).   

Results: During the study period, 125 patients opted for eSBT and 213 chose eDBT.  No 

difference in pregnancy rates were seen between groups (eSBT: 84.6% vs. eDBT: 84.5%, p = 

0.99).  The 95% confidence interval (CI) around the difference in pregnancy rates ranged from -

7.9 to 8.1, suggesting pregnancy rates were clinically equivalent, since the 95% CI did exceed 

10%.  Live-birth rates were not significantly different (eSBT: 65.3% vs. eDBT: 72.3%, 

respectively, p = 0.23), although clinical equivalence was not established (95% CI = -18.5 – 4.5).   

Conclusions:  Comparable pregnancy rates can be achieved in a clinical setting when utilizing 

eSBT in a defined group of good-prognosis patients.  Although equivalence of live-birth rates 

could not be demonstrated, it is thought the additional complications associated with multiple 
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gestation (e.g. preeclampsia, preterm birth) outweighs the potentially higher live-birth rate seen in 

eDBT.    
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INTRODUCTION 

Recent estimates suggest that more than 30% of births conceived via assisted 

reproductive technology (ART) are multiples,
1
 which is likely due to the transfer of more than 

one embryo during in vitro fertilization (IVF).  Multiple gestation pregnancies place both the 

mother and the fetus at a higher risk for a number of pregnancy and birth complications.
1, 2

  

Therefore, in an effort to combat the high rate of multiple birth associated with IVF, elective 

single embryo transfer (eSET), defined as: “an embryo transfer in which more than one high 

quality embryo exists, but it was decided to only transfer one”,
3
 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.   

American and Canadian guidelines suggest that selective application of eSET in “good-

prognosis” patients may be effective in reducing the overall multiple birth rate of the entire IVF 

population, without unnecessarily reducing the chances for live-birth.
3, 4

  Good prognosis patients 

include: i) women younger than 35 years who have more than one top quality embryo available, 

undergoing their first or second treatment cycle or who have had a prior successful IVF cycle, 

and ii) patients utilizing donor oocytes, since success rates tend to be higher as a result of using 

optimal quality oocytes from young, healthy donors.
3
  Additionally, both groups advised that 

eSET should be more readily applied with blastocyst stage embryos, as higher success rates are 

generally seen at this stage.
2
   

Unfortunately, although both sets of guidelines recommend that eSET be used in 

blastocyst transfer cycles, the majority of existing studies focus on cleavage stage transfers.
5-21

 

Studies of eSET at the blastocyst stage are limited, although the reported success rates are much 

higher.
22-29

  Thus far, the only randomized trial found no differences in implantation or pregnancy 

rates between eSET and double embryo transfer (DET) groups.
24

  Cohort study results are 

heterogeneous, with one study showing a significant reduction in pregnancy rates among women 
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undergoing SET,
25

 four others reporting no significant differences,
22, 23, 27, 29

 and two reporting 

differences among select groups of patients.
26, 28

 

Although research in this field has begun assessing embryo transfers at the blastocyst 

stage, gaps in existing research need to be addressed.  Only two blastocyst stage studies 

specifically stated that donor-recipient cycles were included,
22, 28

 although these patients were 

identified as a target group for eSET.  Furthermore, not all single embryo transfers in existing 

studies were elective, suggesting that the groups considered may not be directly comparable.
29

  

Additionally, the majority of blastocyst stage studies focus on pregnancy rates rather than live-

birth rates, though a take-home baby is the true desired outcome of IVF.  Finally, even though 

these studies assess whether similar success rates can be obtained in eSET, the analyses utilize 

superiority techniques.  To properly assess whether two procedures are similarly successful, 

analyses comparing the similarity of the success rates should be undertaken, rather than analyses 

that focuses on their differences.  This has been done previously in one cleavage stage study;
19

 

however, no studies at the blastocyst stage have been evaluated in this manner.  

The aim of the present study is to assess whether similar success rates can be achieved in 

good prognosis patients undergoing eSET compared to those opting for DET in a clinic-based 

patient population.   

MATERIALS AND METHODS 

 The present study is a historical prospective study of medical records from Reproductive 

Partners Medical Group (RPMG) – UCSD Regional Fertility Center in La Jolla, CA.  Guidelines 

at this center recommend eSET for all women who meet specific parameters: a) autologous 

patients age < 35 years or patients of any age undergoing a donor-recipient cycle, and b) at least 

three fair to good quality blastocysts available for transfer.  Patients meeting these criteria are 

counseled regarding possible complications of multiple gestation pregnancies and the potential 
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benefit of single embryo transfer; however, the decision of whether to transfer one or two 

embryos is left up to the patient.   

For the present study, all fresh IVF cycles from January 1, 2006 through December 31, 

2011 were reviewed to identify patients who were eligible for eSET.  Although implemented in 

2006, electronic medical records did not become standard practice at the center until January 

2008.  Therefore, a limited number of records were from prior to 2008.  Patients were stratified 

according to the number of embryos they elected to transfer.  Comparability of pregnancy and 

live-birth rates were evaluated between patients who elected to transfer one blastocyst and those 

who chose to transfer two.   

IVF Stimulation 

Controlled ovarian hyperstimulation consisted of standard GnRH down-regulation, 

followed by use of hMG (75 IU) and recombinant FSH (75–300 IU). Human chorionic 

gonadotropin was administered when two or more follicles reached a diameter of 18 mm. Oocyte 

recovery was performed transvaginally using ultrasound guidance 35 hours following hCG 

administration.  Luteal support, initiated the day following hCG administration, consisted of 50 

mg 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 0.1mg transdermal estrogen 

replacement patches, changed every 84 hours.  The number of patches was adjusted up to six 

patches to achieve an estradiol (E2) level between 300-500 pg/ml.  Vaginal ultrasound was 

performed following 10 days of patch therapy to assess the thickness of the endometrial lining. 

Luteal support consisted of 100 mg IM progesterone in oil, and estrogen and progesterone were 

continued through 10 weeks gestation if pregnancy occurred. 
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Laboratory Procedures 

 

For fertilization, standard insemination versus ICSI was performed as clinically 

appropriate. Embryo culture was performed using a sequential microdrop system at an 

atmosphere of 5%O2-6%CO2-89%N2 at 37°C. G-1 V5 PLUS sequential cleavage media 

(Vitrolife) was utilized on days 1–3 of embryo development.  Patients who met criteria for 

extended culture (at least four total embryos on day 3, with at least three of them being 6 to 8-cell 

of “fair” to “good” quality) continued to the blastocyst stage.  G-2 V5 PLUS media (Vitrolife) 

was used for day 3–5 embryos. Formal blastocyst grading was done on the day of blastocyst 

transfer (day 5), based on criteria described by Gardner and Schoolcraft,
30

 which grades 

blastocysts according to size, and appearance of the inner cell mass and trophectoderm.  

Blastocysts were transferred in Embryo Glue (Vitrolife) using a Sure View Wallace Embryo 

Replacement catheter under ultrasound guidance.  

Serum hCG levels were measured 11 days after blastocyst transfer.  In patients with a 

positive beta hCG test (> 100 mIU/ml), ultrasound was performed at 5, 6, and 8 weeks’ gestation, 

at which point patient care was transferred to an obstetrician for the remainder of the pregnancy.   

Statistical Analyses  

Pregnancy was defined as a clinical intrauterine gestation, meaning the presence of a fetal 

heartbeat upon ultrasound examination.  Patients whose beta hCG levels following embryo 

transfer were indicative of pregnancy but did not progress to a clinical pregnancy (i.e. 

biochemical pregnancies) were included in the “not pregnant” group.  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 following IVF; 

stillbirths, spontaneous abortions, and therapeutic abortions were considered failed cycles.  Live-

birth rate was expressed as the number of cycles with at least one live-birth divided by the 

number of embryo transfer procedures.  
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 Patient characteristics were compared between the elective single blastocyst transfer 

(eSBT) and elective double blastocyst transfer (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 the groups.  

Researchers have pointed out that it is inappropriate to conclude that two treatments are similar 

when utilizing traditional superiority statistics, such as chi-square, that assess whether groups are 

different, rather than techniques that evaluate whether success rates fall within a pre-determined 

range of clinical equivalence.
31

  Therefore, in line with a previous study,
19

 the predetermined 

difference used to establish clinical equivalence was set at 10%, indicating that the upper 

confidence interval around the difference in the pregnancy and live-birth rates between the two 

groups should not exceed this magnitude.  Regardless of whether equivalence was demonstrated, 

chi-square tests were conducted to assess whether the two rates significantly differed between 

groups to facilitate comparison with previous literature.  Additionally, to confirm that performing 

eSBT accomplished the goal of reducing multiples, rates of multiple gestation pregnancies were 

compared between the groups using chi-square.  For all superiority analyses, a two-sided p-value 

of 0.05 was considered significant.  All analyses were conducted using IBM SPSS 20 statistical 

computing software for PC.        

Although no patient identifiers were used, this study was granted a HIPAA waiver and 

received research approval from the University of California, San Diego Human Research 

Protection Program.  

RESULTS 

 From January 2006 through December 2011, 338 patients were eligible for eSET based 

on eligibility criteria.  Of these, 125 patients opted to transfer a single blastocyst while the 

remaining 213 patients chose to transfer two.  Characteristics of the eSBT and eDBT groups are 

presented in Table 1.1.  There were no differences in proportion of patients undergoing an 
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autologous cycle in the eSBT group (n = 77, 61.6%) compared to the eDBT group (n = 152, 

71.4%) (p = 0.06).  Women using their own oocytes in the eSBT group were significantly 

younger than those in the eDBT group (30.9 years vs. 31.7 years, p = 0.03). Oocyte donors at this 

fertility center are typically under the age of 25, and the mean age of oocyte donors was 24.5 

years (data not shown).  Additionally, women in the eSBT group had a lower BMI than those in 

the eDBT group (22.3 vs. 23.4, p = 0.009).  On average, the eSBT group had significantly more 

oocytes retrieved than the eDBT group (17.2 vs. 14.8, p < 0.001) and a higher number of 

fertilized oocytes (11.1 vs. 9.6, p = 0.004).  No differences were seen regarding the cause of 

infertility, prior pregnancies, live-births, or IVF treatments, use of ICSI, or peak estradiol (E2) 

levels.   

 Pregnancy rates in the eSBT and eDBT groups are shown in Table 1.2, both overall, and 

among autologous and donor-recipient cycles separately.  Two patients in the eSBT group were 

missing cycle outcome information.  No difference in pregnancy rates were seen between the 

groups (p = 0.99).  In Table 1.2, pregnancy rates reached 84.6% in the eSBT group and 84.5% in 

the eDBT group, indicating a 0.1% higher pregnancy rate in the eSBT group.  The 95% 

confidence interval around this difference ranged from -7.9 to 8.1, demonstrating that the 

pregnancy rate in the eSBT could be 7.9% lower than the eDBT group or up to 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 for eSBT and eDBT groups (86.8% and 83.6%, 

respectively).  Although these rates did not differ significantly (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 compared to those who 
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transferred two.  Similarly, among donor cycles, no statistical differences were seen in the 

pregnancy rates (80.9% vs. 86.9%, p = 0.39), while the 95% CI again exceeded 10% (-20.1 – 

8.1%), this time in favor of eDBT. 

 Live-birth rates among eSBT and eDBT groups are displayed in Table 1.3.  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 overall among those opting for 

eSBT compared to those choosing eDBT (65.3% vs. 72.3%), although not significantly (p = 

0.23).  Referring to the 95% CI around the difference in live-birth rates presented in Table 1.3, 

clinical equivalence was unable to be 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 obtaining a live-birth.  Similar outcomes 

were seen among autologous and donor-recipient cycles individually, where slightly lower, non-

significant differences in the live-birth rates were seen in the eSBT group compared to the eDBT 

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 significance (-23.6 – 5.0% and -21.8 – 17.2%, respectively). 

 Occurrence of multiple gestation pregnancies is reported in Table 1.4.  As expected, 

pregnancies in the eDBT group were significantly more likely to be multiple gestation than those 

in the eSBT group (53.9% vs. 8.5%, p < 0.001).  

  To assess whether pregnancy and live-birth rates were influenced by significant 

differences between the eSBT and eDBT groups contained in Table 1.1, pregnancy and live-birth 

rates adjusted for these characteristics were calculated.  Among all patients, after controlling for 

body mass index (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% confidence interval around the difference in pregnancy rates shifted slightly, ranging 
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from -8.4 – 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 

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.  

Based on the 95% confidence interval around the difference in these adjusted rates, 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. 

DISCUSSION 

 

 Overall, no significant differences were seen in pregnancy and 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% confidence interval around the difference in overall pregnancy rates  

ranged from -7.9% to 8.1%, suggesting that those in the eSBT could have as much as a 7.9% 

decreased chance of conceiving or an 8.1% increased chance of conceiving over those in the 

eDBT group, meaning that neither group had more than a 10% increased chance over the other.  

Unfortunately, we were unable to show the same level of clinical equivalence for live-birth rates 

or among patients utilizing donor oocytes.  Estimates were not materially different after 

controlling for significant baseline differences between the study groups.  Nonetheless, eSBT did 

accomplish the intended task of reducing multiple gestation pregnancies, as the proportion of 

multiples in the eSBT group was significantly lower than in the eDBT group. 

 Findings from the present study are consistent with a number of other studies of elective 

single embryo transfer at the blastocyst stage, which found no difference in pregnancy
22-24, 26, 27, 29

 

or live-birth
26, 27, 29

 rates between eSET and eDET groups. However, we were unable to compare 
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our equivalency analyses to these studies as this is the only study at the blastocyst stage that has 

attempted to assess clinical equivalence.  Although previous researchers may have stated that the 

success rates observed were similar between groups, the accuracy of these conclusions are 

questionable because equivalency analyses were not performed.
5
  Had we not performed 

equivalence analyses, we also would have concluded that pregnancy and live-birth rates did not 

differ between groups.  This is important as the true intention of these studies should be to 

establish whether the two procedures result in similar outcomes to facilitate use in a clinical 

setting.    

  In contrast to those studies that found no difference, one previous study found a 

significant difference in pregnancy rates between eSBT and eDBT groups, although data was 

collected more than a decade ago, patients were slightly older (up to 38 years of age), and it is 

unclear whether donor-recipient cycles were included.
25

  Another study found significant 

differences in pregnancy and live-birth rates among patients undergoing an oocyte donor cycle, 

yet, rates did not differ among autologous patients.
28

   

The one cleavage stage study that utilized an equivalency analysis did not assess the 

equivalence of the pregnancy rates, but did assess whether live-birth rates were similar.  Results 

from the present study are in accord with those results, as Thurin et al. were also unable to 

establish that live-birth rates were similar between the two groups;
19

  the 95% confidence interval 

around the difference exceeded 10%, ranging from -11.6 – 3.4%.  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 
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observed by Thurin et al. at the cleavage stage (eSBT = 65.3% and eDBT = 72.3% vs. 27.6% and 

42.9%, respectively). 

 Both pregnancy and live-birth rates in our study were higher than rates reported in the 

literature.
22-29

  While the high pregnancy and live-birth rates reflect the strength of the clinical 

program at this fertility center, it also may limit the generalizability of our findings.  In addition, 

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 pre-defined inclusion guidelines, and that all physicians at this center are aware that they 

should be discussing eSET with appropriate patients.  The subtle differences between the eSBT 

and eDBT groups may reflect slight biases by the treating physician with regard to counseling 

styles, although it was up to the patients to choose how many blastocysts were transferred, and we 

were able to address these differences in our analyses.  Additionally, because this study took 

place in a clinical setting over a span of mainly four years  (2008 to 2011), we are limited by the 

small number of available patients, which may have influenced our ability to establish clinical 

equivalence.  Nevertheless, this study demonstrates the use of eSBT in a practice-based clinical 

setting, and illustrates its impact on IVF success rates in a pre-defined clinical population. 

 In conclusion, this study shows that comparable pregnancy rates can be achieved in a 

clinical setting when utilizing elective single embryo transfer at the blastocyst stage in a defined 

group of good prognosis patients.  Furthermore, although clinical equivalency could not be 

demonstrated, similarly high live-birth rates were seen among those undergoing elective single 

and double blastocyst transfer, and it is thought that the additional complications associated with 

multiple gestation pregnancies outweighs the slightly higher live-birth rate seen in eDBT.  

Ultimately, the decision to transfer one or two embryos should be made after thorough discussion 

between the treating physician and the patient, taking into account the high success rates currently 
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observed with blastocyst transfers, and the potential difficulties accompanying multiple gestation 

pregnancies.   
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Table 1.1: Patient and cycle characteristics of eSBT versus eDBT groups 

Characteristic 
 eSBT 

(n = 125) 
 eDBT 

(n = 213) 
 

p-value
a 

Autologous cycles (%)  61.6  71.4  0.06 

Age
b
 (mean, years)  30.9  31.7  0.03 

BMI (mean, kg/m
2
)  22.3  23.4  0.009 

Cause of infertility (%) 

     Female factor 

     Male factor 

     Both female and male factor 

     Unexplained 

 

 

58.7 

20.2 

12.8 

8.3 

 

 

52.9 

27.0 

11.1 

9.0 

 

0.58 

 

 

 

 

History of previous pregnancies (%) 

     Yes 

     No 

  

96.8 

3.2 

  

99.1 

0.9 

 0.20 

 

 

History of previous live birth (%) 

     Yes 

     No 

  

68.8 

31.2 

  

77.0 

23.0 

 0.10 

 

 

Previous treatment with IVF (%) 

     Yes 

     No 

  

14.4 

85.6 

  

22.5 

77.5 

 0.07 

 

 

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 

a 
Chi-square (categorical), t-test (continuous) 

b 
Among autologous cycles only 
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Table 1.2: Pregnancy rates in eSBT compared to eDBT 

Cycle Type eSBT 

Pregnancy 

Rate (%) 

(n = 123) 

eDBT 

Pregnancy 

Rate (%) 

(n = 213) 

Difference 

in rates 

 

95% CI
a 

p-value
b
 

ALL 84.6 84.5 0.1 -7.9 – 8.1 0.99 

AUTOLOGOUS
c 

86.8 83.6 3.2 -6.4 – 12.8 0.52 

DONOR
d 

80.9 86.9 -6.0 -20.1 – 8.1 0.39 

a
 95% confidence interval around the difference in rates 

b
 p-value calculated for chi-square statistic 

c 
eSBT: n = 76; eDBT: n = 152  

d 
eSBT: n = 47; eDBT: n = 61 
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Table 1.3: Live-birth rates in eSBT compared to eDBT 

Cycle Type eSBT 

Live-birth 

Rate (%) 

(n = 95) 

eDBT 

Live-birth 

Rate (%) 

(n = 191) 

Difference 

in rates 

95% CI
a 

p-value
b
 

ALL 65.3 72.3 -7.0 -18.5 – 4.5 0.23 

AUTOLOGOUS
c 

64.4 73.7 -9.3 -23.6 – 5.0 0.19 

DONOR
d 

66.7 69.0 -2.3 -21.8 – 17.2 0.82 

a
 95% confidence interval around the difference in rates 

b
 p-value calculated for chi-square statistic 

c 
eSBT: n = 59; eDBT: n = 133 

d 
eSBT: n = 36; eDBT: n = 58 
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  Table 1.4: Multiple gestation pregnancies in eSBT compared to eDBT 

ET Group 
Rate of multiple 

gestation pregnancies (%) 
p-value

a 

eSBT (n = 94) 8.5 < 0.001 

eDBT (n = 165) 53.9 

a
 p-value calculated for chi-square statistic 
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CHAPTER 2: 

Identifying patients at risk for multiple gestation pregnancies: 

a target group for elective single embryo transfer 

 

ABSTRACT 

Introduction: Given the plethora of pregnancy complications associated with multifetal 

pregnancies, the transfer of a single embryo during in vitro fertilization (IVF) in good prognosis 

patients has been recommended to decrease the rate of multiples following treatment.  Since the 

transfer of a single embryo may result in lower success rates, it is important to identify patients at 

high risk for multiple gestation pregnancies in order to balance the potentially reduced success 

rates with the benefit of fewer multiple gestation pregnancies.  The aim of the present study was 

to identify clinical risk factors for multiple gestation pregnancy overall, and those resulting from 

the implantation of multiple embryos, during IVF, in order to better characterize patients who 

may benefit from elective single embryo transfer (eSET).    

Methods: A retrospective review of de-identified medical records from Reproductive Partners 

Medical Group (RPMG) – UCSD Regional Fertility Center in La Jolla, CA was conducted to 

identify patients with singleton and multiple gestation pregnancies following a fresh, autologous 

IVF cycle, in which more than one embryo was transferred.  Cycles in which more than one fetal 

heartbeat was detected were compared to those with a single heartbeat, to assess whether patient-

driven clinical factors associated with a multiple gestation pregnancy could be identified.  

Analyses were also conducted following the exclusion of probable monozygotic twin pregnancies 

(n = 7), in order to focus on multiple implantation pregnancies more specifically. 

Results:  Of the 606 patients in the study sample, 257 (42.4%) had a multiple gestation 

pregnancy (228 twin gestations, 25 triplet gestations, and 4 quadruplet gestations), and 349 

(57.6%) had a singleton gestation pregnancy.  Controlling for all other variables in the model, 
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women aged 38 – 40 had significantly lower odds of having a multiple gestation pregnancy 

following IVF than women younger than 35 years of age (OR = 0.45, 95% CI 0.25 – 0.81).  No 

significant decrease in odds was seen among patients aged 35 – 37 and older than 40.  A 

significant increase in odds of multiple gestation was seen for cycles in which the fertilization 

rate exceeded 80% compared to a fertilization rate of 70% or lower (OR = 2.01, 95% CI 1.19 – 

2.88).  Blastocyst stage embryo transfers were 3.46 times more likely to result in a multiple 

gestation pregnancy than those transferred at the cleavage stage (95% CI = 1.77 – 6.79).  

Compared to a cycle in which the second best embryo was rated as “poor”, an embryo graded as 

“good” also significantly increased the odds of multiple gestation (OR = 5.02, 95% CI = 1.82 – 

13.85).  Further adjustment for number of embryos transferred did not materially alter these 

estimates.  Results were similar after excluding likely monozygotic twins from the analysis. 

Conclusions: Results from the present study suggest that clinical factors such as: younger patient 

age, a high fertilization rate, embryo transfer at the blastocyst stage, and multiple high grade 

embryos available may increase a patient’s risk for a multiple gestation pregnancy following IVF.  

Thus, rather than focusing on cycle number and total number of embryos available, as has been 

presently recommended for eSET, quality of the embryo cohort and the grade of the individual 

embryos available may be more relevant predictors of excessive implantation following 

treatment, and could be used to better define target groups for eSET.  Future studies are necessary 

to better identify patients at risk for multiple gestation without sacrificing overall success rates 

following IVF.  Particular attention should be paid to which combination of risk factors 

categorize patients at high risk for multiple gestation following IVF, in order to better assist 

clinicians in targeting patients for eSET. 
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INTRODUCTION  

Over the past three decades,  the twin birth rate in the United States rose 76%, from 18.9 

per 1,000 live-births to 33.2.
1
  In an analysis of these trends, researchers at the CDC concluded 

that two-thirds of the increase in twinning was likely due to the increased use of fertility 

treatments in the U.S.
1
  Recent estimates suggest that more than 30% of births conceived via 

assisted reproductive technology (ART) are multiples, compared with around 2% in naturally 

conceived pregnancies.
2
  Current in-vitro fertilization (IVF) guidelines recommend the transfer of 

fewer embryos during treatment;
3
 while rates of higher order multiple pregnancies (i.e., triplets or 

more) have been on a downward trend in recent years, the rate of twins has remained relatively 

stable.
4
  The increasing trend towards twin gestation pregnancies attributed to ART highlights the 

need for further modifications to current IVF procedures, especially with regard to women who 

may be at a higher risk for a multiple embryo implantations following treatment.   

Historically, the risk for multiple gestation pregnancies in IVF may have been 

understudied as any pregnancy in ART is often considered a “success”.  However, given the 

plethora of pregnancy complications associated with multifetal pregnancies,
2
 some researchers 

have suggested that the true measure of success in ART should be the birth of  healthy, singleton 

infant,
5
 and any pregnancy other than a singleton should be considered a failure.

6
  Thus far, the 

only method that has been identified as a means of reducing the rate of twinning seen in IVF has 

been the transfer a single embryo, rather than multiple embryos during treatment.  However, 

because the transfer of one embryo may result in lower success rates in some patients, it is 

important to identify patients who may be at a higher risk for multiple gestation pregnancies in 

order to balance the potentially reduced success rates with the benefit of fewer multiple gestation 

pregnancies.  While current elective single embryo transfer (eSET) guidelines do specify a 

particular target population (i.e., women younger than 35 years undergoing their first or second 

treatment cycle, those who have had a prior successful IVF cycle, and recipients of embryos from 
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donated oocytes, who have more than one top quality embryo available for transfer, especially at 

the blastocyst stage),
7
 these inclusion criteria are rather broad and may not specifically identify 

patients at risk for a multiple gestation pregnancy.   

Unfortunately, a limited amount of research has attempted to classify patients at risk for 

multiple implantation as a target group for eSET.
8-15

  Existing studies have examined a variety of 

predictors for multiple gestation, and have generally concluded that the risk factors for multiple 

gestation pregnancy are the same as those that predict IVF success overall.
10-12, 14

  However, a 

number of these studies have used the entire IVF cohort as the study population, rather than 

patients who achieved a pregnancy only, thereby modeling multiple gestation as a measure of 

overall success, rather than the excess risk of multiple gestation specifically.
10, 11

  Furthermore, 

the majority have evaluated multiple birth rather than multiple gestation pregnancy, potentially 

misclassifying or disregarding patients who had a multiple gestation pregnancy but lost one or 

more of the fetuses prior to delivery.
10, 12-15

  This is important as a multiple gestation pregnancy, 

whether it results in a multiple birth or not, increases the risk for pregnancy-related 

complications, including what preterm labor and birth, pregnancy induced hypertension, birth 

defects, anemia, miscarriage, caesarian delivery, and postpartum hemorrhage.   Additionally, 

many of these investigations have been limited to data available in publically reported datasets.
12, 

14, 15
  

While existing studies of multiple gestation present a good foundation on which to build 

a target population for eSET,
8, 10-12, 14

 confirmation of and expansion on these findings in a broad 

group of patients undergoing IVF could help to better define the group of patients at high risk for 

multiple implantation following IVF.  The aim of the present study was to identify clinical risk 

factors for multiple gestation pregnancy overall, and those resulting from the implantation of 

multiple embryos, during IVF, in order to better characterize patients who may benefit from 

eSET.    
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MATERIALS AND METHODS 

Participants 

A retrospective review of de-identified medical records from Reproductive Partners 

Medical Group (RPMG) – UCSD Regional Fertility Center in La Jolla, CA was conducted to 

identify patients with singleton and multiple gestation pregnancies following a fresh IVF cycle.  

From January 1, 2006, when electronic medical records were implemented at this center, through 

December 31, 2011, 967 fresh IVF cycles with a documented clinical pregnancy were identified.  

Of these, the number of fetal heartbeats was known for 850 pregnancies (87.9% of identified 

cycles).  Since the target of eSET is multiple implantation following embryo transfer, patients 

who only had one embryo transferred (n = 152) were excluded.  The relatively small number of 

oocyte donor-recipient patients meeting these criteria (n = 91) prevented valid analysis among 

this population, and were therefore, excluded from the current study.  After further excluding one 

patient with an unknown number of embryos transferred, 606 IVF cycles were included in the 

final sample.   

Measures 

A number of clinical factors obtained by the treating physician prior to beginning the IVF 

cycle were considered in the present study.  At the initial treatment visit, patient characteristics 

were collected including: patient age in years, smoking status (yes/no), and height and weight, the 

latter of which were used to calculate body mass index (BMI; kg/m
2
), as a measure of obesity.  

Reproductive history was also assessed by the number of previous pregnancies, number of 

preterm and full-term live-births, and number of prior spontaneous abortions (SAB).  A clinical 

judgment of primary infertility diagnosis was also made, based on diagnostic categories defined 

by the Society for Assisted Reproductive Technology (SART)
16

: diminished ovarian reserve, 

endometriosis, male factor infertility, ovulation disorders/Polycystic Ovary Syndrome (PCOS), 

tubal disease, and uterine factor infertility.  “Other” diagnosis and “unexplained” fertility 
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categories were also included to account for patients who did not fit in to any of these pre-defined 

diagnoses, or for whom infertility etiology could not be determined, according to SART 

guidelines.   

Following these baseline patient measures, characteristics of the current cycle were 

recorded, including the rank of the present treatment cycle (i.e. first, second, etc.).  All patients 

underwent controlled ovarian hyperstimulation, which consisted of standard GnRH down-

regulation followed by use of hMG (75 IU) and recombinant FSH (75–300 IU). Gonadotropin 

dose was individually determined for each patient, depending on age, weight, Anti-Müllerian 

hormone (AMH) level, day 3 FSH level, and baseline AFC.  Human chorionic gonadotropin 

(hCG) was administered when 2 or more follicles reached a diameter of 18 mm.  From day 3 of 

the stimulation cycle until the egg follicles were ready for retrieval, an in-office blood draw was 

conducted every morning to determine daily estradiol levels (E2); maximum estradiol level was 

defined as the highest E2 level measured during this time period.  

Oocyte recovery was performed transvaginally using ultrasound guidance 35 hours 

following hCG administration under deep sedation.  Luteal support, initiated the day following 

oocyte recovery, consisted of 50 mg IM progesterone in oil and 4 mg estradiol administered 

orally, and continued through 10 weeks of gestation in women who became pregnant.  The 

number of retrieved oocytes was recorded following egg retrieval.  Once egg retrieval was 

completed, standard insemination or ICSI was performed as clinically appropriate for 

fertilization. ICSI was offered to patients with male factor fertility, unexplained infertility, or 

when oocyte yield was low.  Following fertilization, the number of inseminated oocytes and the 

number of fertilized oocytes were recorded. 

Embryo culture was performed using a sequential microdrop system at an atmosphere of 

5%O2-6%CO2-89%N2 at 37°C. G-1 V5 PLUS sequential cleavage media (Vitrolife) was utilized 

for embryos on days 1–3 of development.  Embryos were graded on day 3, and patients who met 
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criteria for extended culture continued to the blastocyst stage. Criteria for extended culture 

included having at least four total embryos on day 3, with at least three of them being 6 to 8-cell 

of “fair” to “good” quality. This criteria serves to ensure that only embryo cohorts expected to 

survive extended culture are permitted to progress to the blastocyst stage.  For patients who did 

not meet criteria, embryos were transferred on day 3 at the cleavage stage.  Day 3 embryos were 

graded according to the stage of the embryo (number of cells), percent fragmentation of the 

blastomeres, and cell symmetry.  Embryos graded as “good” had at least seven cells, and ≤ 10% 

fragmentation with perfect cell symmetry, or 0% fragmentation with moderate symmetry.  In 

comparison, all delayed embryos (≤ 5 cells), embryos with > 25% fragmentation, and severely 

uneven cell symmetry were graded as “poor”, as well as embryos with 11-25% fragmentation and 

moderate symmetry.   

For patients who met extended culture criteria, all embryos were allowed to progress to 

the blastocyst stage, regardless of cell number or quality.  G-2 V5 PLUS media (Vitrolife) was 

used for day 3–5 embryos. Day 5 blastocysts were evaluated based on the scoring system 

described by Gardner and Schoolcraft,
17

 which grades blastocysts according to blastocyst size, 

appearance of the inner cell mass, and appearance of the trophectoderm.  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.  In contrast, blastocysts with very few cells in either the inner cell mass or the 

trophoblast, early blastocysts with no inner cells mass and trophoblast, and morula stage embryos 

were graded as being “poor”.  Formal embryo grading was assigned by the embryology team on 

the day of embryo transfer.   

Assisted hatching (AH), which consisted of making a small defect in the zona pellucida 

using acidified Tyrode's solution, was performed in select patients: ≥ 38 years of age, a high 

number of previously failed IVF cycles, follicle stimulating hormone ≥ 10mIU, antral follicle 
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count < 10, cycles in which all embryos were determined to be of poor quality, embryos with a 

thick zona pellucida, and poor responder patients with low estradiol levels, high gonadotropin 

dose, and less than 5 embryos.  Embryo transfers were performed in EmbryoGlue, a medium for 

embryo transfer (Vitrolife) using a Wallace Sureview Embryo Replacement catheter under 

ultrasound guidance, and day of embryo transfer was noted.  Excess embryos graded as either 

“fair” or “good” were eligible for freezing and storage, if the patient chose to do so.  The number 

of embryos frozen following embryo transfer was recorded. 

Serum hCG levels were measured 11 days after embryo transfer, and in patients with a 

positive beta hCG blood test (> 100 mIU/ml), ultrasound was performed at 5, 6, and 8 weeks’ 

gestation.  If a fetal sac and heartbeat were detected at 8 weeks gestation, patient care was 

transferred to an obstetrician for the remainder of the pregnancy.   

Statistical Analysis 

The outcome of interest in the present study was a multiple gestation pregnancy, defined 

as more than one fetal heartbeat detected upon ultrasound examination at 8 weeks following 

embryo transfer.  A pregnancy in which only one fetal heartbeat was detected was classified as a 

singleton gestation pregnancy. 

Number of prior live-births was calculated as the total number of preterm and full-term 

live births reported.  Since it may be difficult for women to accurately recall spontaneous 

abortions, especially among those patients’ that terminate early on in their pregnancy,
18

 history of 

spontaneous abortion was considered as dichotomous variable, defined as “prior spontaneous 

abortion” (one or more spontaneous abortions reported) or “no prior spontaneous abortions” (zero 

prior spontaneous abortions reported).  Fertilization rate was defined as the number of oocytes 

normally fertilized divided by the total number of oocytes inseminated.  Assisted hatching was 

coded as “yes” if any embryos in the cycle underwent AH, and “no” if none of the embryos 

underwent AH.  Embryo transfer stage was defined as cleavage, if embryo transfer occurred on 
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day 3, and blastocyst if embryo transfer occurred on days 5-6.  The grade of the two best embryos 

transferred was considered; among patients for whom only one embryo grade was available (n = 

40), both embryos were assumed to have the same grade. 

Prior to conducting any multivariate analyses, all covariates identified were compared 

between those who had singleton gestation pregnancy and those who had a multiple gestation 

pregnancy.  In order to assess the associations of these variables with multiple gestation 

pregnancy, disregarding the effect of the number or embryos transferred, differences in means 

and proportions of potential covariates after adjusting for number of embryos transferred were 

examined using analysis of covariance (ANCOVA) for all continuous variables and Pearson’s 

chi-square for all categorical variables.   Continuous variables significant at p ≤ 0.10 were 

subsequently categorized in order to create clinical risk categories for use in multivariate 

analyses, according to either SART defined groupings (patient age), or sample defined tertiles or 

quartiles, as appropriate, to create equally sized categories.  The overall association of these risk 

categories with multiple gestation pregnancy, adjusted for number of embryos transferred, was 

then re-assessed using logistic regression, and the Χ
2
 test for trend was used to assess any linear 

trend across exposure groups.   All variables associated with multiple gestation pregnancy at p ≤ 

0.10 after adjusting for number of embryos transferred were considered for inclusion in 

multivariate models.   

Identified variables were included in a fully saturated model, and were removed 

sequentially in a backwards selection methodology.  Number of embryos transferred was also 

considered as a potential confounder only, rather than an additional predictor., Since we are 

trying to identify a patient population at risk for multiple gestation that should be targeted for 

single embryo transfer ,number of embryos transferred would not come into play as a risk factor 

as that is what is being modified by eSET.  Therefore, although it was not considered as a main 

effect, it was included in models as it may be a confounder of effects in cycle which have already 
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occurred.   The Likelihood Ratio test (LRT) was used to determine whether a variable should 

remain in the model at each elimination stage; a two-tailed significance level of p < 0.05 was 

used to determine statistical significance in the LRT.  A two-tailed p-value of 0.05 was 

considered significant in the final logistic model.  Following this analysis, strictly monozygotic 

twinning cycles, that is, cycles in which one fetal sac and two fetal heartbeats were detected, were 

removed (n = 7).  Analyses were then restricted to multiple gestation cycles that may have 

resulted from multiple implantation only. All analyses were conducted using SAS 9.1 for PC.  

Although no patient identifiers were used, this study received a HIPAA waiver and 

approval from the University of California, San Diego Human Research Protection Program.  

RESULTS 

 Patient and cycle characteristics by gestation, adjusted for number of embryos 

transferred, are presented in Table 2.1.  Of the 606 patients in the study sample, 257 (42.4%) had 

a multiple gestation pregnancy, and 349 (57.6%) had a singleton gestation pregnancy.  Within the 

multiple gestation pregnancies, 228 (88.7%) were twins, 25 (9.7%) were triplets, and 4 (1.6%) 

were quadruplets.  Patients who had a multiple gestation pregnancy were significantly younger 

than those who had a singleton pregnancy (34.9 years vs. 36.0 years, p < 0.001).  Women who 

had a multiple gestation pregnancy also reported slightly fewer pregnancies than those with a 

singleton pregnancy (2.0 vs. 2.2, p = 0.06), and were less likely to have a history of spontaneous 

abortions (31.5% vs. 39.6%, p = 0.04).  Compared to those that resulted in a singleton gestation, 

cycles that resulted in a multiple gestation pregnancy had a higher number of oocytes retrieved 

(13.5 vs. 11.8, p < 0.001), a greater number of oocytes fertilized (8.6 vs. 7.0, p < 0.001), and a 

higher fertilization rate (79.5% vs. 74.2%, p < 0.001).  Multiple gestation cycles were also less 

likely than singleton cycles to have utilized assisted hatching (44.8% vs. 54.4%, p = 0.01).  

Cycles in which a multiple gestation pregnancy occurred were more likely to have had embryos 

transferred at the blastocyst stage than those that resulted in a singleton gestation (88.2% vs. 
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74.5%, p < 0.001), and the grade of the second best embryo transferred was more likely to have 

been graded as “good” and less likely to be rated as “poor” (14.7% vs. 11.0% and 8.5% vs. 

15.6%, respectively, p = 0.10).  Finally, a greater number of embryos were frozen following 

multiple gestation cycles than singleton gestation cycles (2.8 vs. 1.7, p < 0.001).  No other patient 

or cycle characteristics evaluated were associated with multiple gestation after adjusting for 

number of embryos transferred.   

 Continuous variables significantly associated with multiple gestation pregnancy at p ≤ 

0.10 in Table 2.1 (age, number of prior pregnancies, number of oocytes retrieved, number of 

oocytes fertilized, fertilization rate, and number of embryo frozen) were categorized in order to 

define clinical risk groups.  Analysis of these risk categories and associated linear trends, adjusted 

for number of embryos transferred, is shown in Table 2.2.  Age remained significantly associated 

with multiple gestation (p = 0.002), and trend analyses indicated that the rate of multiple gestation 

pregnancy decreased with increasing maternal age (p < 0.001), after adjusting for number of 

embryos transferred.  Number of retrieved oocytes, number of fertilized oocytes, fertilization rate, 

and number of embryos frozen were all associated with multiple gestation pregnancy controlling 

for number of embryos transferred (p = 0.01, p < 0.001, p = 0.01, and p < 0.001, respectively), 

and rates of multiple gestation pregnancy increased linearly across risk categories (p = 0.003, p < 

0.001, p = 0.003, and p < 0.001, respectively) as each variable increased. After adjusting for 

number of embryos transferred, number of prior pregnancies remained borderline significant at an 

alpha level of 0.05 (p = 0.06), but the Χ
2 

test for trend indicated that the variable did not have a 

linear relationship with multiple gestation pregnancy (p = 0.08).  All patients reported at least one 

prior pregnancy, and therefore, the risk of multiple gestation among patients who had never been 

pregnant could not be evaluated. Since an appropriate clinical reference category could not be 

defined and the variable did not follow a clinically relevant linear trajectory, number of prior 

pregnancies was excluded from multivariate modeling. 
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 Results of multivariate logistic regression modeling are presented in Table 2.3.  The final 

logistic model for risk of multiple gestation pregnancy included: age, fertilization rate, embryo 

transfer stage, and grade of the second best embryo.  Compared to women younger than 35 years 

of age, women aged 38 – 40 had significantly lower odds of having a multiple gestation 

pregnancy following IVF (OR = 0.45, 95% CI 0.25 – 0.81), after adjusting for all other variables 

in the model.  No significant decrease in odds was seen among patients aged 35 – 37 and older 

than 40 compared to those younger than 35 (OR = 0.84, 95% CI = 0.49 – 1.44 and OR = 0.61, 

95% CI = 0.27 – 1.38, respectively).  A significant increase in odds of multiple gestation was 

seen for cycles in which the fertilization rate exceeded 80% compared to a fertilization rate of 

70% or lower (OR = 2.01, 95% CI 1.19 – 2.88), and a non-significant increase was seen if the 

fertilization rate was between 71 – 80% (OR = 1.63, 95% CI = 0.92 – 2.88), controlling for all 

other variables in the model.  Blastocyst stage embryo transfers were 3.46 times more likely to 

result in a multiple gestation pregnancy than those transferred at the cleavage stage (95% CI = 

1.77 – 6.79), after adjusting for age, fertilization rate, and grade of the second embryo.  Compared 

to a cycle in which the second best embryo was rated as “poor”, an embryo graded as “good” 

significantly increased the odds of multiple gestation (OR = 5.02, 95% CI = 1.82 – 13.85), while 

an embryo rated as “fair” had a non-significant increased odds of multiple pregnancy (OR = 1.76, 

95% CI = 0.86 – 3.59), adjusting for all other variables in the table.  Further adjustment for 

number of embryos transferred did not materially alter these estimates. 

 Results of multiple logistic regression, excluding definite monozygotic multiples, are 

presented in Table 2.4.  Estimates from the final logistic model were similar to what was 

observed among all multiple gestation cycles.  After adjusting for all other variables in the table, 

women aged 38 – 40 years were significantly less likely than those younger than 35 years to have 

a multiple gestation pregnancy (OR = 0.46, 95% CI 0.26 – 1.42).  Odds of a multiple gestation 

pregnancy occurring was significantly increased if the fertilization rate was 81 – 100%, compared 
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to a fertilization rate ≤ 70% (OR = 2.01, 95% CI 1.19 – 3.40), or if embryos were transferred at 

the blastocyst stage compared to the cleavage stage (OR = 3.41, 95% CI 1.74 – 6.68), controlling 

for all other variables in the model.  Cycles in which the second embryo was graded as “good” 

had significantly higher odds of a multiple gestation pregnancy than those in which the second 

best embryo was rated as “poor” (OR = 5.00, 95% CI 1.82 – 13.77), after adjustment for all age, 

fertilization rate, and embryo transfer stage.  Further adjustment for number of embryos 

transferred did not modify these estimates. 

DISCUSSION 

Results from the present study suggest that there are clinical factors that may increase a 

patient’s risk for a multiple gestation pregnancy following IVF, which could be used to better 

define target groups for eSET.  Odds of multiple birth decreased as maternal age increased, and 

was significantly lower among women aged 38-40 compared to those younger than 35.  

Conversely, a multiple gestation pregnancy was significantly more likely to occur in cycles with a 

fertilization rate greater than 80%, when embryos were transferred at the blastocyst stage, and 

when the second best embryo transferred was graded as “good”.  These factors were associated 

with multiple gestation pregnancy regardless of the number of embryos transferred in autologous 

patients undergoing a fresh embryo transfer cycle. 

In accord with findings from the current investigation, increasing embryo quality has 

previously been recognized as being associated with multiple gestation.
8, 10, 11, 13

  However, only 

one study by Hunault also noted that quality of the second embryo specifically influenced 

multiple gestation, and concluded that the score of each embryo should be considered, rather than 

overall embryo quality, so as not to assume that each embryo has equal implantation potential
11

   

Looking at the score of each embryo separately, meaning that one embryo could have been rated 

as “good” while another was rated as “poor”, allows each embryo to have its own implantation 

potential.  Conversely, most studies consider the overall or average score of the embryos being 
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transferred, which assumes that each embryo has the same implantation potential in the model, 

rather than the separate implantation potentials evaluated in our investigation. 

Additionally, although embryo quality has been considered in existing research, ours is 

the first study to suggest that factors associated with the quality of the embryo cohort as a whole 

(i.e. fertilization rate), in addition to the quality of the individual embryos available (i.e. grade), 

can be used to identify patients at risk for multiple gestation following IVF.  Only one other study 

evaluated fertilization rate and found no significant association, though the authors considered the 

effect of a 10% increase in proportion of embryos fertilized, rather than distinct cut points in 

fertilization rate or fertilization rate overall, and therefore may have missed an important target 

group for eSET.
11

  

The influence of embryo transfer stage on odds of multiple gestation has been recognized 

previously, whereby embryos transferred after day 3 increased the odds of multiple birth 

compared to embryos transferred at day 3 or earlier.
14

  This is also in line with proposed eSET 

guidelines, which suggest eSET be more readily applied in blastocyst transfer cycles.
7, 19

  

Conversely, another investigation found day of embryo transfer had no effect on multiple 

pregnancy,
11

 although their study modeled multiple gestation as success overall, within the 

context of the entire IVF cohort.   

In addition, in line with the current investigation, previous studies have also identified 

younger age as being associated with increased risk of multiple birth.
10-14

  Results of the present 

study suggest that risk for multiple gestation decreases around age 38 years, and women younger 

than 38 may therefore be an appropriate target group for eSET. While current guidelines 

generally recommended eSET in women under the age of 35,
7, 19

 raising the cut-off to 37 is in line 

with a number of existing eSET studies, which suggest that age limits for eSET could be 

extended to women < 38 without compromising IVF success rates.
20-25
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While the main focus is to identify factors associated with multiple implantation to better 

target patients for eSET, no other studies have attempted to differentiate between dizygotic and 

monozygotic multiples.  After excluding multiple gestation cycles that were strictly monozygotic, 

and would therefore not be prevented by electively transferring a single embryo, the factors 

associated with multiple gestation pregnancy remained the same as when all multiple gestation 

pregnancies were considered, and minimal changes in odds ratio estimates were seen.  We cannot 

be certain that all cycles retained in secondary analyses were dizygotic multiples, since it is  

impossible to definitively determine zygosity in the absence of DNA analysis; however, it is 

likely that the most of these multiple gestation pregnancies were the result of multiple 

implantation, as dizygotic multiples comprise the majority of multiple gestations following IVF, 

as a result of the transfer of multiple embryos during treatment.
26

  Further, the proportion of 

multiples designated as monozygotic in the present study (2.7% of all multiples) is in line with a 

previous estimation of monozygotic twinning following infertility treatment (1.8%), although that 

study
26

 also designated 14.6% as having “unknown” zygosity.  Likewise, existing eSET studies 

estimate monozygotic twinning rates of 1-2% among good prognosis women who had only one 

embryo transferred following IVF.
7, 27

   Therefore, since the majority of multiple gestation 

pregnancies following IVF are likely dizygotic, it is probable that the estimates obtained 

following the exclusion of these monozygotic cycles further support the hypothesis that these 

factors are predictive of multiple implantation, and can therefore be used to designate patients at 

risk for multiple gestation following IVF.   

Other factors identified in previous studies that were not significant in the present study 

include treatment number, history of spontaneous abortions, infertility cause, and number of 

embryos created.
10, 12, 14

  However, among these studies, the cause of infertility associated with 

multiple gestation was inconsistent,
10, 12

 and treatment number was a relatively weak predictor.
14

  

In addition, two of these studies were not able to address embryo quality,
12, 14

 which is 
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particularly important as prior spontaneous abortions and number of embryos fell out of 

multivariate models once embryo quality variables were included in the present study.  

Additionally, the lack of association between multiple gestation and treatment number is 

important, as IVF cycle number is included in current eSET guidelines, although there is little 

evidence suggesting it is predictive of a multiple gestation pregnancy.
7
 

Notably, assisted hatching and number of embryos frozen has not been evaluated in 

previous investigations of multiple gestation in autologous transfer cycles.  Although these 

variables were not found to be significantly associated with multiple gestation pregnancy in final 

multivariate analyses, assisted hatching has been studied extensively with regard to monozygotic 

twinning only following IVF, with mixed results,
28

 and presence or absence of embryo freezing 

has been associated with multiple birth in one study of donor cycles only.
15

      

Though the present study identified a number of risk factors for multiple gestation 

pregnancy following IVF, it is not without some limitations.  The relatively small number of 

cycles included in the present study may have limited our ability to detect significant differences 

in defined risk categories, especially in groups with borderline significance, like a fertilization 

rate between 71 – 81%.  Furthermore, we were unable to consider donor cycles, which have been 

designated as a target group for eSET.
7, 19

  Only one previous study has considered multiple 

gestation among donor IVF cycles, and concluded that embryo quality, rather than patient level 

factors, influenced multiple birth,
15

 which is consistent with our present investigation.  

Additionally, we were unable to evaluate pregnancy history in multivariable models; however, 

existing studies found that number of prior pregnancies was not associated with multiple 

gestation, after adjusting for other factors.
10, 12, 14

  Despite these limitations, this study is 

strengthened by the ability to assess a large number of clinically relevant factors.  Furthermore, 

the present study evaluated these risk factors within the context of recent cycles conducted in a 

clinical setting, resulting in a study sample that is likely more representative of current IVF 
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cohorts in the United States, as opposed to older studies that are limited by low overall success 

rates and embryo transfers at the cleavage stage, which was the norm.  However, caution should 

be taken with generalizability of the cut-off points evaluated in the present study, as these were 

based on clinic-specific data and may not be directly relevant to other treatment centers.  Because 

of this, each center should be responsible for determining the precise values for identified factors 

that lead to increased risk of multiples. 

Ultimately, this study was able to identify risk factors for multiple gestation among a 

group of patients who achieved a pregnancy following IVF.  Thus, rather than focusing on cycle 

number and total number of embryos available, as has been presently recommended for eSET, 

quality of the embryo cohort and the grade of the individual embryos available may be more 

relevant predictors of excessive implantation following treatment.  Future studies are necessary to 

better identify patients at risk for multiple gestation without sacrificing overall success rates 

following IVF.  Particular attention should be paid to which combination of risk factors 

categorize patients at high risk for multiple gestation following IVF, in order to better assist 

clinicians in targeting patients for eSET. 
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Table 2.1: Characteristics of the study sample by gestation, adjusted for number of 

embryos transferred 

Clinical factor 
 Overall 

N = 606 
 Single 

n = 349 
 Multiple 

n = 257 
 p-

value
a 

Patient Characteristics         

Patient age (years), mean  35.6  36.0  34.9  < 0.001 

BMI (kg/m
2
), mean  23.1  22.9  23.3  0.37 

Smoker (yes), percent  11.9  11.3  12.9  0.62 

Num. prior pregnancies, mean  2.1  2.2  2.0  0.06 

Num. prior live-births, mean  1.1  1.1  1.1  1.00 

Prior spontaneous abortion (%)  36.1  39.6  31.5  0.04 

Primary infertility diagnosis (%) 

     Male factory 

     Diminished ovarian reserve 

     Ovulation disorder/PCOS 

     Unexplained 

     Endometriosis 

     Tubal factor 

     Uterine factor 

     Other 

  

31.7 

19.7 

11.4 

8.4 

6.8 

5.7 

3.4 

13.0 

  

33.4 

20.4 

10.1 

9.4 

5.5 

4.7 

3.4 

13.0 

  

29.5 

18.6 

13.2 

6.9 

8.5 

7.0 

3.4 

13.0 

 0.55 

Cycle characteristics         

Cycle number, mean  1.5  1.5  1.5  0.98 

Maximum E2 (pg/mL), mean  2613.7  2596.0  2637.8  0.69 

Num. retrieved oocytes, mean  12.5  11.8  13.5  < 0.001 

Num. fertilized oocytes, mean  7.7  7.0  8.6  < 0.001 

Fertilization rate, mean  76.4  74.2  79.5  < 0.001 

Assisted hatching (%)  50.3  54.4  44.8  0.01 

Embryo transfer stage (%) 

     Cleavage (day 3) 

     Blastocyst (day 5-6) 

  

19.8 

80.2 

  

25.5 

74.5 

  

11.8 

88.2 

 < 0.001 

Best embryo grade (%) 

     Good 

     Fair 

     Poor 

  

27.6 

70.5 

1.9 

 

 

 

28.3 

69.5 

2.2 

  

26.7 

71.9 

1.4 

 0.78 

Second best embryo grade (%) 

     Good 

     Fair 

     Poor  

  

12.5 

74.7 

12.8 

  

11.0 

73.4 

15.6 

  

14.7 

76.8 

8.5 

 0.10 

Num. embryos frozen, mean  2.2  1.7  2.8  < 0.001 

a
 p-value calculated for chi-square (categorical) or ANCOVA (continuous), as appropriate 
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Table 2.2: Analysis of defined clinical risk categories for significant continuous 

variables and associated linear trends, adjusted for number of embryos transferred
a 

Clinical factor  
Multiple 

gestation (%) 
 p-value

 
 p-trend

 

Age 

   < 35 

   35 – 37  

   38 – 40  

   > 40 

  

50.2 

46.1 

31.0 

27.3 

 0.002  < 0.001 

Number of prior pregnancies 

   1 

   2 

   3+ 

  

48.5 

37.2 

40.0 

 0.06  0.08 

Number of retrieved oocytes 

   ≤ 10 

   11 – 15  

   ≥ 16 

  

34.3 

45.9 

49.7 

 0.01  0.003 

Number of fertilized oocytes 

   ≤ 5 

   6 – 9  

   ≥ 10 

  

29.8 

46.7 

51.2 

 < 0.001  < 0.001 

Fertilization rate 

   ≤ 70% 

   71 – 80%  

   > 80% 

  

34.1 

44.2 

48.2 

 0.01  0.003 

Number of embryos frozen 

   0 

   1 – 2  

   3 – 4  

   5+ 

  

27.9 

47.0 

53.0 

61.5 

 < 0.001  < 0.001 

a
 Results of Pearson’s Χ

2 
and Χ

2 
test for trend 
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Table 2.3: Clinical factors associated with multiple gestation pregnancy; results of 

logistic regression 

Variable 

 Model 1
a 

 Model 2
b 

 OR  95% CI  p-

value 

 OR  95% CI  p-

value 

Age 

  < 35 

  35 – 37 

  38 – 40 

  > 40 

  

1.00 

0.84 

0.45 

0.61 

  

Reference 

0.49 – 1.44 

0.25 – 0.81 

0.27 – 1.38 

 0.05   

1.00 

0.84 

0.43 

0.50 

  

Reference 

0.49 – 1.44 

0.24 – 0.78 

0.18 – 1.34 

 0.04 

 

Fertilization rate 

  ≤ 70% 

  71 – 80%  

  81 – 100% 

  

 

1.00 

1.63 

2.01 

  

 

Reference 

0.92 – 2.88 

1.19 – 3.40 

  

0.03 

  

 

1.00 

1.59 

1.98 

  

 

Reference 

0.90 – 2.82 

1.17 – 3.34 

  

0.04 

 

Embryo transfer stage 

  Cleavage (day 3) 

  Blastocyst (day 5–6) 

  

 

1.00 

3.46 

  

 

Reference 

1.77 – 6.79 

  

<0.001 

  

 

1.00 

3.78 

  

 

Reference 

1.85 – 7.72 

  

<0.001 

 

Grade of second best 

embryo 

  Poor 

  Fair 

  Good 

  

 

 

1.00 

1.76 

5.02 

  

 

 

Reference 

0.86 – 3.59 

1.82 – 13.85 

  

0.007 

  

 

 

1.00 

1.75 

5.20 

  

 

 

Reference 

0.86 – 3.58 

1.87–14.48 

  

0.006 

a 
Model 1 adjusted for all other variables in the table  

b 
Model 2 adjusted for all other variables in the table and number of embryos transferred 
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Table 2.4: Clinical factors associated with multiple gestation pregnancy, excluding likely 

monozygotic multiples; results of logistic regression 

Variable 

 Model 1
a 

 Model 2
b 

 OR  95% CI  p-

value 

 OR  95% CI  p-

value 

Age 

  < 35 

  35 – 37 

  38 – 40 

  > 40 

  

1.00 

0.83 

0.46 

0.63 

  

Reference 

0.48 – 1.44 

0.26 – 0.83 

0.28 – 1.42 

 0.06   

1.00 

0.83 

0.44 

0.51 

  

Reference 

0.48 – 1.44 

0.24 – 0.80 

0.19 – 1.37 

 0.05 

 

Fertilization rate 

  ≤ 70% 

  71 – 80%  

  81 – 100% 

  

 

1.00 

1.67 

2.01 

  

 

Reference 

0.94 – 2.95 

1.19 – 3.40 

  

0.03 

  

 

1.00 

1.63 

1.97 

  

 

Reference 

0.92 – 2.89 

1.16 – 3.35 

  

0.04 

 

Embryo transfer stage 

  Cleavage (day 3) 

  Blastocyst (day 5–6) 

  

 

1.00 

3.41 

  

 

Reference 

1.74 – 6.68 

  

<0.001 

  

 

1.00 

3.72 

  

 

Reference 

1.82 – 7.60 

  

<0.001 

 

Grade of second best 

embryo 

  Poor 

  Fair 

  Good 

  

 

 

1.00 

1.72 

5.00 

  

 

 

Reference 

0.84 – 3.51 

1.82 – 13.77 

  

0.007 

  

 

 

1.00 

1.72 

5.17 

  

 

 

Reference 

0.84 – 3.51 

1.86 –14.38 

  

0.006 

a 
Model 1 adjusted for all other variables in the table  

b 
Model 2 adjusted for all other variables in the table and number of embryos transferred 
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CHAPTER 3: 

 

Early cycle predictors of treatment failure in young patients undergoing IVF 

 

 

ABSTRACT 

Introduction: Failure to achieve a live-birth following IVF is often linked to older maternal age 

and poor embryo quality, which are likely not relevant to young women undergoing treatment. 

Most studies of treatment failure among young women focus on young poor responder patients or 

recurrent implantation failure, and have not evaluated cycle failure among young women overall.  

This study evaluated whether early clinical factors routinely collected during in vitro fertilization 

(IVF) treatment can be used to predict cycle failure among young women undergoing IVF.  

Methods: De-identified patient records from a private fertility center in Southern California were 

reviewed to identify all women under the age of 35 who had undergone a fresh, autologous IVF 

cycle from January 1, 2006 through December 31, 2011, for whom cycle outcome was known.  

Only the first IVF cycle was included.  Patients who failed to achieve a live-birth following 

treatment (n = 197) were compared with those who attained a live-birth (n = 217) in order to 

develop a predictive model that could be used to calculate the probability of cycle failure among 

young patients.  A variety of early clinical exposures (patient age, body mass index, reproductive 

history, infertility diagnosis, FSH level, AFC, estradiol level, gonadotropin dose, number of 

stimulation days, number of follicles >14 mm, number of retrieved oocytes, and fertilization rate) 

were considered. 

Results: The average age of the women in the study was 31.4 years (SD = 2.5).  After controlling 

for all other variables in the analysis, having had a prior preterm or full-term birth significantly 

reduced the odds of failure following IVF treatment (OR = 0.03, 95% CI = 0.01 – 0.08, and OR = 

0.03, 95% CI = 0.01 – 0.06, respectively), while having had a previous biochemical pregnancy or 

spontaneous abortion increased odds of failure (OR = 3.18, 95% CI 1.37 – 7.37, and OR = 2.57, 
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95% CI = 1.33 – 4.96, respectively).  Higher  day 3 FSH also increased odds of failure (OR = 

1.11, 95% CI = 1.04 – 1.18),  whereas higher AFC and number of follicles larger than 14mm 

decreased odds of failure following IVF (OR = 0.97, 95% CI = 0.95 – 0.99, and OR = 0.85, 95% 

CI = 0.75 – 0.97, respectively) after controlling for all other variables in the model.  Good 

predictive value (c = 0.873) was seen when these variables were included in a logistic model 

along with primary infertility diagnosis. Based on the calculated probabilities of failure using this 

model and the actual cycle outcomes, the model showed a  sensitivity of 58.2%, specificity of 

97.1%, positive predictive value of 95%, and  negative predictive value = 70.8%, at a cut-off of 

80%. 

Conclusions: Early clinical factors, including: history of previous preterm or full-term live-birth, 

history of biochemical pregnancies and spontaneous abortions, day 3 follicle stimulating hormone 

(FSH) level, antral follicle count (AFC), and number of follicles larger than 14mm on the day of 

human chorionic gonadotropin (hCG) administration, in combination with primary infertility 

diagnosis, may be used to predict cycle failure among young women undergoing IVF.  These 

results suggest that failure to achieve a live-birth following IVF among women under the age of 

35 may be due to different clinical factors than those affecting women of older maternal age, 

primarily maternal age and oocyte quality. If young patients at a high risk for IVF failure can be 

identified   with early patient driven clinical factors, physicians may be able to use this 

information to guide later clinical decisions, (e.g., day of embryo transfer or number of embryos 

to transfer), thereby increasing the chances of achieving a healthy live-birth in these patients.   
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INTRODUCTION 

 Success with all fertility therapies, including in-vitro fertilization (IVF), has been shown 

to decrease as a woman ages, with a sharp decline generally seen around age 35 years.
1
  Overall, 

approximately 37% of IVF cycles initiated in the United States result in pregnancy and 30% end 

in a live-birth; whereas, among women less than 35 years of age, these numbers increase to 47% 

and 41%, respectively.
2
  While IVF success rates can be considered relatively high among women 

under age 35, these numbers indicate that more than half the women in this age group still fail to 

achieve a live-birth following treatment.  Given that patients under age 35 comprise nearly 34% 

of all ART procedures currently performed in the U.S,
2
 it is important to understand the factors 

that influence failure to achieve a live-birth following IVF in this age group.  Additionally, the 

effects of advanced maternal age, often cited as the strongest influencing factor on IVF success 

overall,
3-7

 is not a factor in this younger group. 

Most studies that considered treatment failure among young women examined 

characteristics of young poor responder (PR) patients, defined as patients who have inadequate 

follicular development and low estradiol (E2) levels following ovarian hyperstimulation.
8, 9

  For 

example, Figueira investigated whether poor response to treatment in young women was due to a 

qualitative decline in ovarian function, as typically found in older women undergoing IVF.
8
  This 

study showed that while the oocyte retrieval rate was significantly lower in young PR patients 

compared to young patients who responded normally to treatment, the fertilization rate and 

percentage of high quality embryos retrieved were the same.  Furthermore, similar implantation 

and pregnancy rates were seen among patients in both groups who progressed to embryo transfer.   

Similarly, Hanoch examined whether fertilization and clinical pregnancy rates varied 

with age among PR patients.  This investigation found that while E2 levels, number of oocytes 

retrieved, and fertilization rates did not differ among PR groups based on age, PR women aged 

20-30 had a significantly higher clinical pregnancy rate than older women.
9
  The authors 
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concluded that even if ovarian response is low among patients 35 or younger, they should be 

encouraged to progress to egg retrieval since the quality and viability of the retrieved oocytes are 

still high.  While these findings support higher expected success rates among younger women, 

they do not help explain why some women in this age group, many of whom are likely not poor 

responders, fail to achieve a pregnancy when undergoing IVF treatment.   

An additional investigation among young patients attempted to characterize women under 

the age of 35 with high order recurrent implantation failure (RIF), that is, failure to achieve a 

pregnancy following six or more consecutive IVF cycles, compared to women who achieved a 

pregnancy within the first three cycles.
10

  The authors found that after controlling for other 

clinically relevant factors, the variables associated with RIF among young patients were primarily 

male characteristics, such as the presence of male-factor infertility and low semen concentration, 

as well as a reduced fertilization rate following intracytoplasmic sperm injection (ICSI).  This 

study did not consider IVF failure in a particular treatment cycle, but rather repeated cycle failure, 

which, while important, is less applicable in the United States where higher order IVF cycles are 

likely not an option.   

The goal of the present study was to evaluate whether early clinical factors routinely 

collected prior to embryo transfer during in vitro fertilization (IVF) treatment can be used to 

predict cycle failure among young women undergoing IVF.  

MATERIALS AND METHODS 

Participants 

A retrospective review of de-identified patient records was conducted to identify all 

women under the age of 35 undergoing a fresh IVF cycle at Reproductive Partners Medical 

Group (RPMG) – UCSD Regional Fertility Center in La Jolla, CA from January 1, 2006 through 

December 31, 2011.  Only the first IVF cycle was included, as patient treatment plans are often 

modified after a previous failed cycle.  This also ensured that the same patient was not being 
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analyzed multiple times.  Based on these criteria, 479 women were eligible for inclusion in the 

present study.  Due to the small number of young patients undergoing a donor-recipient cycle (n 

= 16), these cycles were excluded as valid conclusions about failure in this group could not be 

drawn from the data available.  Additionally, 42 patients with ongoing pregnancies at the time of 

data extraction were removed from the study sample as final live-birth outcome was unknown.  

After further excluding two patients who elected not to undergo embryo transfer due to personal 

reasons, and five patients who had undergone IVF for the purpose of embryo banking for fertility 

preservation, there remained 414 women under age 35 undergoing their first autologous IVF 

cycle with a known cycle outcome who were included in the final sample.   

Measures 

A number of clinical factors obtained by the treating physician during the course of the 

treatment cycle prior to embryo transfer were considered.  At the initial treatment visit, patient 

characteristics were collected including: patient age in years, smoking status (yes/no), and height 

and weight, which were used to calculate body mass index (BMI; kg/m
2
), an estimate of obesity.  

Reproductive history variables included the number of previous pregnancies, preterm and full-

term live-births, prior spontaneous abortions (SAB), prior biochemical pregnancies (defined as a 

positive pregnancy test that did not progress to development of a fetal heartbeat), and prior 

treatments with intrauterine insemination (IUI).  A clinical judgment of primary and secondary 

infertility diagnoses were also made by the treating physician, based on diagnostic categories 

defined by the Society for Assisted Reproductive Technology (SART):
11

 diminished ovarian 

reserve, endometriosis, male factor infertility, ovulation disorders/polycystic ovary syndrome 

(PCOS), tubal disease, and uterine factor infertility.  “Other” diagnosis and “unexplained” 

fertility categories were also included to account for patients who did not fit in to any of these 

pre-defined diagnoses or for whom infertility etiology could not be determined.  Following this 

baseline visit, a blood draw was conducted on day 3 of the patient’s menstrual cycle to determine 
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baseline follicle stimulating hormone level (FSH).  At this time a transvaginal ultrasound was 

also conducted to determine antral follicle count (AFC), defined as the sum of the antral follicles 

observed in both ovaries.   

Following these baseline measures, all patients underwent controlled ovarian 

hyperstimulation, which consisted of standard GnRH down-regulation followed by use of hMG 

(75 IU) and recombinant FSH (75–300 IU). Gonadotropin dose was individually determined for 

each patient, depending on age, weight, Anti-Müllerian hormone (AMH) level, day 3 FSH level, 

and baseline AFC.  Human chorionic gonadotropin (hCG) was administered when 2 or more 

follicles reached a mean diameter of 18 mm.  From day 3 of the stimulation cycle until the egg 

follicles were ready for retrieval, an in-office blood draw was conducted every morning to 

determine daily estradiol levels (E2); maximum estradiol level was defined as the highest E2 level 

measured during this time period. Total gonadotropin dose administered and the number of 

stimulation days prior to egg retrieval were also recorded.   

For patients who progressed to egg retrieval (n = 385), oocyte recovery was performed 

transvaginally under deep sedation using ultrasound guidance 35 hours following hCG 

administration.  Luteal support, initiated the day following oocyte recovery, consisted of 50 mg 

IM progesterone in oil and 4 mg estradiol administered orally, and continued through 10 weeks of 

gestation in women who became pregnant.  Clinical variables assessed prior to egg retrieval were 

the number of egg follicles greater than 14mm observed via ultrasound on the day of the HCG 

trigger and the E2 level on the day of hCG trigger.  The number of retrieved oocytes was recorded 

following egg retrieval.  Once egg retrieval was completed, standard insemination or ICSI was 

performed as clinically appropriate for fertilization. Following fertilization, the number of 

inseminated oocytes and the number of fertilized oocytes were recorded. 

Embryo culture was performed using a sequential microdrop system at an atmosphere of 

5%O2-6%CO2-89%N2 at 37°C. G-1 V5 PLUS sequential cleavage media (Vitrolife, Sweden) was 
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utilized for embryos on days 1–3 of development.  Embryos were graded on day 3, and patients 

who had at least 4 total embryos on day 3, with at least 3 of them being 8-cell of “fair” to “good” 

quality were eligible for extended culture.  In patients who met these criteria, all embryos were 

allowed to progress to the blastocyst stage, regardless of cell number or quality.  For patients who 

did not meet criteria, embryos were transferred on day 3 at the cleavage stage.  G-2 V5 PLUS 

media (Vitrolife, Sweden) was used for day 3–5 embryos. Day 5 blastocysts were evaluated based 

on the scoring system described by Gardner and Schoolcraft,
12

 which grades blastocysts 

according to blastocyst size, appearance of the inner cell mass, and appearance of the 

trophectoderm.  Blastocyst transfers were performed on day 5 in EmbryoGlue, a medium for 

embryo transfer (Vitrolife, Sweden) using a Wallace Sureview Embryo Replacement catheter 

under ultrasound guidance.  

Serum hCG levels were measured 11 days after embryo transfer, and in patients with a 

positive beta hCG blood test (> 100 mIU/ml), ultrasound was performed at 5, 6, and 8 weeks’ 

gestation.  If a fetal sac and heartbeat were detected at 8 weeks gestation, patient care was 

transferred to an obstetrician for the remainder of the pregnancy.  Follow-up was continued on all 

patients who were transferred to an obstetrician to obtain the outcomes of these pregnancies.   

Statistical Analysis 

The outcome of interest in the present study was a failed IVF cycle, defined as failure to 

achieve a live-birth following an initiated IVF cycle.  An initiated cycle was considered a failed 

cycle if: 1) The cycle was canceled prior to egg retrieval, 2) the cycle progressed to egg retrieval 

but was canceled prior to embryo transfer, or 3) the cycle progressed to embryo transfer but did 

not result in a live-birth; stillbirth, spontaneous, and therapeutic abortions were considered failed 

cycles.  This outcome was compared with a “successful” IVF cycle, meaning an initiated cycle 

that resulted in a live-birth, defined as the birth of at least one living infant.   
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Number of prior preterm and full-term live-births were not normally distributed in the 

dataset, and were therefore converted to categorical variables.  Prior preterm and full-term live-

births were dichotomized as one or more reported versus none.  Additionally, because of the 

difficultly in accurately recalling spontaneous abortions and biochemical pregnancies, especially 

those that terminate or fail to progress early on 
13-15

, and because these variables did not follow a 

normal distribution, history of spontaneous abortions and biochemical pregnancies were 

considered as categorical rather than continuous measures.  Reported history of spontaneous 

abortion and previous biochemical pregnancy were dichotomized into one or more versus none.  

Due to small numbers in some infertility diagnosis categories, infertility cause was condensed to 

reflect the partner primarily driving the infertility (i.e. primary female factor, male factor, or 

unexplained/other).  Patients diagnosed with diminished ovarian reserve, endometriosis, ovulation 

disorders/Polycystic Ovary Syndrome (PCOS), tubal disease, and uterine factors were classified 

as primary female infertility, while patients with male factor infertility were classified as primary 

male infertility.  Patients with unexplained or other fertility diagnoses were classified as 

unexplained/other infertility.  Few patients had both male and female factors listed (n = 39) when 

secondary infertility diagnoses were considered, and inclusion of these patients as a separate 

category (i.e. both male and female factors) did not increase model fit.  Therefore, the diagnosis 

listed as the primary factor was used for classification.  Fertilization rate was defined as the 

number of oocytes fertilized divided by the total number of oocytes inseminated.   

Comparisons of those with and without a failed IVF cycle on all covariates were 

performed with chi-square tests for categorical variables and independent t-tests for continuous 

data.  Logistic regression analyses were used to determine predictors of IVF cycle failure.  All 

variables that differed between those with successful versus failed IVF cycles in bivariate 

analyses at p < 0.05 were included in a fully saturated model, along with variables associated 

with cycle failure at 0.05 ≤ p ≤ 0.10, both individually and in combination. Variables were 
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removed sequentially in backwards selection.  The Likelihood Ratio test (LRT) was used to 

determine whether a variable should remain in the model at each elimination stage; a two-tailed 

significance level of p < 0.05 was used to determine statistical significance in the LRT.  

Additionally, the Hosmer-Lemeshow Goodness-of-Fit statistic was used to evaluate the fit of the 

model, with an alpha level of 0.10 necessary to conclude good fit.  Once the final model was 

established, the predictive ability of the model was evaluated using the c-statistic, an index used 

to estimate the area under the curve of receiver operator characteristics (AUROC), which 

calculates the probability of a correct prediction for a random pair of patients, one of whom has 

the outcome of interest and one who does not.  A two-tailed p-value of 0.05 was considered 

significant in the final logistic model.  All analyses were conducted using SAS 9.1 for PC.   

Although no patient identifiers were used, this study received approval from the 

University of California, San Diego Human Research Protection Program. 

RESULTS 

Clinical characteristics of the study sample by IVF cycle outcome are shown in Table 

3.1.  Overall, 197 patients (47.6%) had a failed IVF cycle, and 217 (52.4%) had a successful live-

birth following IVF.  The average age of the women in the study was 31.4 years (SD = 2.5); 

women who had a failed IVF cycle were slightly older than those who had a successful cycle (p = 

0.007).  Patients who failed to achieve a live-birth reported a fewer number of prior pregnancies 

(p < 0.001), and were less likely to report having given birth to either a preterm (p < 0.001) or 

full-term infant (p < 0.001), but were more likely to report a history of spontaneous abortions (p < 

0.001) and biochemical pregnancies (p = 0.001).  Compared to women with successful IVF, 

women with a failed cycle had a higher mean day 3 FSH (p = 0.01), lower antral follicle count (p 

< 0.001), lower maximum E2 level (p = 0.02), required a higher gonadotropin dose (p < 0.001), 

and had a fewer number of follicles larger than 14mm following ovarian stimulation (p = 0.003).  

Number of stimulation days, oocyte fertilization rate, and  infertility diagnosis were of borderline 
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statistical significance (p = 0.05, p = 0.05, and p = 0.10, respectively).  No differences were seen 

between cycle outcome and patient BMI, history of IUI, E2 day of hCG trigger, and the number of 

retrieved oocytes.    

Results of logistic regression modeling are presented in Table 3.2.  After controlling for 

all other variables in the analysis, having had a prior preterm or full-term birth significantly 

reduced the odds of failure following IVF treatment (OR = 0.03, 95% CI = 0.01 – 0.08, and OR = 

0.03, 95% CI = 0.01 – 0.06, respectively).  Conversely, having had a previous biochemical 

pregnancy or spontaneous abortion, and higher  day 3 FSH increased odds of failure (OR = 3.18, 

95% CI 1.37 – 7.37, OR = 2.57, 95% CI = 1.33 – 4.96, and OR = 1.11, 95% CI = 1.04 – 1.18, 

respectively), while higher AFC and number of follicles larger than 14mm decreased odds of 

failure following IVF (OR = 0.97, 95% CI = 0.95 – 0.99, and OR = 0.85, 95% CI = 0.75 – 0.97, 

respectively) after controlling for all other variables in the model.  Although primary infertility 

diagnosis (male, female, or unexplained) was not significantly associated with IVF cycle failure 

after controlling for all other variables in the model, removal of the variable from the model 

resulted in significant changes to the model estimates based on the LRT, and poor model fit based 

on the Hosmer and Lemeshow Goodness-of-Fit Test, and was therefore retained in the final 

logistic model.  The model showed good predictive value, based on an estimate of the AUROC (c 

= 0.873). 

Based on the logistic regression results, an equation for the probability of failure based on 

clinical profile measures was developed.  Because the model intercept was not significantly 

different from zero, it was removed from the final logistic model for the purpose of calculating 

predicted probabilities.  Its removal did not significantly affect the model parameters or impact 

the fit or predictive ability of the model.  Beta coefficients from the logistic regression model for 

calculating an individual patient’s probability of failure based on her clinical profile are presented 

in Table 3.3, along with predicted failure probabilities for three hypothetical patients with 
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different clinical profiles.  Based on these β estimates and the relevant equation for calculating 

individual probabilities, Patient A’s clinical profile equates to a low predicted probability of 

failure (0.058 or 5.8%), Patient B has a moderate predicted probability of failure (0.400 or 

40.0%), while Patient C is an example of a woman with a high predicted probability of failure 

(0.864 or 86.4%) according to the final logistic model. 

The variable weights presented in Table 3.3 were used to calculate individual 

probabilities for failure for each patient in the database who had values for each clinical measure 

(n = 337).  The predictive performance of the model in the dataset with regard to real-life patient 

outcomes in 20% predictive increments is shown in Table 3.4 and Figure 3.1.  Percent of patients 

who experienced a failed cycle in each of the groups is presented in Figure 3.1.  With the 

exception of patients in the lowest probability group (< 20%), percent of patients who had a failed 

cycle increased with increasing predicted probability of failure to a high of 95% among patients 

who scored 80% or higher.   Referring to Table 3.4, among patients who had greater than or equal 

to 80% predicted probability of failure, 95.1% experienced a failed cycle (96/101).  This would 

equate to a positive predictive value (PPV) of 95% were 80% chosen as the cut-off for a 

“positive” test.  Additionally, at this cut-point, more than half of the patients who had a failed 

cycle were screened out (sensitivity = 96/165 or 58.2%).  Specificity at this cut-off was very high, 

correctly identifying 97.1% of those who would ultimately have a successful IVF cycle 

(167/172), although negative predictive value (NPV) was slightly lower (167/236 = 70.8%). 

DISCUSSION  

Results of the present study suggest that early clinical factors that would likely be 

collected in infertility practices may be used as indicators for potential cycle failure among young 

women undergoing IVF.  Later clinical factors, such as embryo quality, number of embryos 

transferred, and embryo transfer day, were disregarded as the focus was on all patients who began 

an IVF cycle. Although the predictors of cycle failure at various stages during treatment may 
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vary, the intent of the present study was to consider cycle failure among an entire cohort of young 

women undergoing IVF, and therefore, failure at any time point during treatment was considered 

as a whole. The most relevant early predictors of cycle failure for women under the age of 35 

were comprehensive reproductive history, including history of previous preterm or full-term live-

birth and history of biochemical pregnancies and spontaneous abortions, and factors related to 

ovarian reserve and follicle maturity.  In addition, probability for failure increased with increasing 

day 3 FSH, and decreased with increasing AFC and a higher number of follicles larger than 

14mm on the day of hCG administration.  These factors, in combination with primary infertility 

diagnosis, provided a good predictive measure of failure according to the AUROC (c = 0.873), as 

suggested by the high failure rate (95.1%) among patients with a predicted failure rate of 80% or 

higher according to the model. 

This study is the first to model predictors of failure among young women undergoing 

IVF, and includes a number of clinical factors not considered in previous predictive models of 

success, specifically history of biochemical pregnancies and spontaneous abortions, AFC, and 

number of follicles larger than 14mm.  Several previous studies examined a variety of predictors 

of success among women of all ages, with mixed results.
3-5, 7, 16-18

  In accord with previous 

studies, this study found that basal FSH level and pregnancy history variables were significantly 

associated with IVF outcome.
3, 4, 7, 16, 17

  Results of this study are also in accord with those from a 

meta-analysis that reported higher basal FSH was associated with lower pregnancy rates 

following IVF (OR = 0.94, 95% CI 0.88 – 1.00).
7
  Additionally, others suggest that a history of 

previous pregnancies
3, 5, 17

 or live-births
4, 5, 7

 is associated with increased success following IVF, 

although effects have been minimal following multivariate analyses.  Previous studies have also 

suggested that primary infertility diagnosis may influence eventual IVF outcome, although there 

has been little consensus regarding which diagnostic category increases chances of failure, with 

both male, female, and unexplained fertility implicated in various settings.
3-5, 7
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In contrast to the present study, the cycle characteristics most often considered in studies 

of IVF failure are patient age and embryo quality.  Increasing female age has consistently been 

cited as the most influential patient factor on IVF success;
3-7

 however, in the present study age 

fell out of the predictive models, presumably due to the restricted age of this young population.  

Although poor embryo quality has been linked to IVF failure in previous studies,
5, 7, 17, 18

 embryo 

quality was not considered here as decreased embryo grade is most often linked to declining 

oocyte quality among women of older ages, and is likely not the driving force behind cycle 

failure among women under the age of 35.
5, 19, 20

  Alternatively, a number of post-egg retrieval 

variables identified in existing studies were considered, such as number of oocytes retrieved and 

fertilized,
6, 7, 16-18

 albeit these variables were not significantly associated with cycle failure in this 

young population.  Although a lower fertilization rate was initially identified as potentially being 

associated with failure, this variable fell out of multivariate models when considered in 

conjunction with other clinical characteristics.  As suggested in previous research,
8, 9

 this 

substantiates the idea that failure to achieve a live-birth following IVF among women under the 

age of 35 may be due to different clinical factors than those affecting women of older maternal 

age. 

While a number of early clinical factors were considered in the present study, we were 

unable to consider lifestyle characteristics that may influence cycle failure, such as smoking, 

alcohol intake, and caffeine consumption,
21, 22

 as well as patient characteristics such as ethnicity.
23

  

Although smoking status was recorded in the medical records, more than one-third of the patients 

were missing information on smoking status, suggesting it may not have been documented 

consistently.  Among those for whom female smoking was recorded, a relatively low number 

(13%) admitted to smoking currently, and those who did were advised to stop smoking prior to 

undergoing IVF.  Likewise, almost half of the patients (45%) were missing information on 

ethnicity, which has been identified previously as an issue in SART reporting.
23

  Another 
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potential confounder we were not able to consider is the  physician who performed the embryo 

transfer, which may influence patient outcome.
24

  Nearly one-quarter of the patients (25.1%) were 

missing data regarding who performed the embryo transfer, and among those for whom data was 

available, 83.2% of the transfers were performed by  two highly experienced physicians, while 

three other physicians performed the remaining 16.8%.  Physician factors will vary by clinic, and 

therefore, the exclusion of embryo transfer physician from the present model will enable the 

estimates to be better tested in external populations.  This is important as we were unable to 

validate our model in a secondary population, which would be the true measure of how well the 

model is able to predict cycle failure among young women.
4, 17

  A strength of this study was its 

ability to use patient-level rather than cycle-level data, which eliminated confounding from 

interrelated cycles from the same patient being considered.  Thus all data used here provided 

distinct information to the model, and allowed individual patient profiles to be evaluated. 

The current study presents a baseline model for predicting probabilities for IVF cycle 

failure among women under the age of 35, with relatively good predictive ability in the study 

population.  If young patients at a high risk for IVF failure can be identified using early, patient 

driven clinical factors, physicians may be able to use this information to guide later clinical 

decisions, such as the day of embryo transfer or the number of embryos to transfer, in attempts to 

increase the chances of achieving a live-birth in these patients.  Future studies are needed to 

validate results of the present study, as well as consider other early clinical factors that may 

influence IVF cycle failure among young patients unaffected by the complications of advanced 

female age. 
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Table 3.1: Clinical characteristics of the study sample by IVF outcome 

Clinical factor 
 Overall 

N = 414 
 IVF Failure 

n = 197 
 IVF Success 

n = 217 
 

p-value
a 

Patient age (years), mean  31.4  31.7  31.1  0.007 

BMI (kg/m
2
), mean  23.0  23.2  22.8  0.26 

Num. prior pregnancies, 

mean 

 1.7  1.5  2.0  < 0.001 

Previous preterm, percent  25.9  14.2  36.4  < 0.001 

Previous full-term, percent  51.7  32.0  69.6  < 0.001 

Previous SAB, percent   31.4  40.6  23.0  < 0.001 

Previous biochemical, 

percent 

 10.9  16.2  6.0  0.001 

Previous IUI, percent  8.0  7.6  8.3  0.80 

Infertility diagnosis, percent 

    Female primary 

    Male primary 

    Unexplained/other  

  

45.9 

31.9 

22.2 

  

43.6 

29.6 

26.9 

  

48.2 

34.0 

17.8 

 0.10 

Day 3 FSH (mIU/mL), mean  8.0  8.6  7.4  0.01 

Antral follicle count, mean  14.0  11.3  16.4  < 0.001 

Maximum E2 (pg/mL), mean  2462.6  2297.4  2615.6  0.02 

E2 day of hCG (pg/mL), 

mean 

 2479.8  2481.8  2478.2  0.98 

Gonadotropin dose (IU), 

mean 

 2348.1  2685.3  2037.8  < 0.001 

Num. stimulation days, 

mean 

 9.0  9.3  8.8  0.05 

Num. follicles >14mm, 

mean 

 2.8  2.5  3.1  0.003 

Num. retrieved oocytes, 

mean 

 14.2  13.9  14.4  0.50 

Fertilization rate, mean  75.4  72.8  77.4  0.05 

a
 p-value calculated using chi-square analysis for categorical variables or independent t-tests 

for continuous variables 
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Table 3.2: Clinical factors associated with IVF failure in young women; results of 

logistic regression 

Characteristic  OR
a 

 95% CI  p-value 

Prior preterm birth 

     Yes 

     No 

  

0.03 

Reference 

  

0.01 – 0.08 

-- 

 < 0.001 

Prior full-term birth 

     Yes 

     No 

  

0.03 

Reference 

  

0.01 – 0.06 

-- 

 < 0.001 

Prior biochemical pregnancy 

     Yes 

     No 

  

3.18 

Reference 

  

1.37 – 7.37 

-- 

 0.007 

Prior spontaneous abortion 

     Yes 

     No 

  

2.57 

Reference 

  

1.33 – 4.96 

-- 

 0.005 

Primary infertility diagnosis 

     Female 

     Male 

     Unexplained/other 

  

0.55 

0.79 

Reference 

  

0.26 – 1.16 

0.37 – 1.71 

-- 

 0.26 

Day 3 FSH  1.11  1.04 – 1.18  0.001 

AFC  0.97  0.95 – 0.99  0.01 

Number of follicles >14mm  0.85  0.75 – 0.97  0.01 
a
 Odds ratio adjusted for all other variables listed in the table 
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Table 3.3: Prognostic model for the probability of IVF failure – beta estimates and hypothetical 

patients 

  β estimates
a
: Patient A Patient B Patient C 

- 1.7930 x Prior preterm Yes: 1 No: 0 No: 0 

-  1.8519 x Prior full-term No: 0 Yes: 1 No: 0 

+ 0.5787 x Prior biochemical No: 0 Yes: 1 Yes: 1 

+ 0.4718 x Prior SAB No: 0 Yes: 1 Yes: 1 

- 0.3256 x Female dx Yes: 1 No: 0 No: 0 

+ 0.0453 x Male dx No: 0 Yes: 1 No: 0 

+ 0.1042 x FSH Total: 3 Total: 8 Total: 10 

- 0.0265 x AFC Total: 13 Total: 6 Total: 3 

- 0.1622 x Follicles 14mm Total: 4 Total: 2 Total: 1 

Probability [ln 1/(1+e
-(β)

)] = 0.058 0.400 0.864 
a
 Estimates based on effect coding 
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Table 3.4: Predicted probabilities of failure and actual IVF outcome in the current sample 

IVF cycle outcome 
 Predicted probability of failure   

 < 20%  20-39%  40-59%  60-79%  ≥ 80%  Total 

Cycle failure (n)  15  10  20  24  96  165 

Cycle success (n)  24  51  62  30  5  172 

Total (n)  39  61  82  54  101  337 
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                  Figure 3.1: Actual cycle failure rate by predicted probability of failure   
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CHAPTER 4: 

DISCUSSION AND CONCLUSIONS 

 

Project Summary 

The purpose of this dissertation was to investigate whether it might be possible to better 

tailor elective single embryo transfer (eSET) policies in order to increase the chances of obtaining 

a singleton gestation following in vitro fertilization (IVF).  Although the American Society for 

Reproductive Medicine (ASRM) and the Society for Assisted Reproductive Technology (SART) 

have proposed guidelines that specify a group of “good prognosis” patients that should be 

targeted for eSET,
1
 it is unclear whether these guidelines are the most appropriate criteria for 

defining patients for whom eSET is appropriate.  Under these guidelines, eSET is recommended 

for: i) women younger than 35 years who have more than one top quality embryo available, 

undergoing their first or second treatment cycle or who have had a prior successful IVF cycle, ii) 

patients utilizing donor oocytes, and iii) cycles in which embryos are being transferred at the 

blastocyst stage.
1
 However, in order for eSET to be considered a viable option in IVF, the method 

must minimize the proportion of IVF procedures resulting in a multiple gestation pregnancy 

while simultaneously maintaining reasonably high success rates.  Therefore, it is important that 

patients targeted for eSET are both at risk for a multiple gestation pregnancy following IVF and 

at low risk for IVF cycle failure, since in eSET only one embryo is transferred into the uterus.   

To accomplish the task set forth in this project, a three faceted approach was undertaken: 

(1) Evaluating the efficacy of current eSET guidelines in a private fertility practice, (2) 

Characterizing patients most at risk for a multiple gestation pregnancy, and (3) Establishing risk 

factors for cycle failure among a group of seemingly good prognosis patients.  In this manner, it 

was first assessed whether existing policies maintain acceptably high success rates in clinical 

practice before moving on to determining possible modifications to these criteria.  Potential 
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adjustments to existing patient guidelines were initially suggested by better distinguishing 

patients truly at risk for a multiple gestation pregnancy specifically rather than broadly 

generalizing policies to patients thought to have a good chance of obtaining a pregnancy 

following IVF.  Finally, the project continued by exploring whether certain clinical attributes of 

patients who would be expected to have a good chance on success following IVF can be used to 

distinguish those who may actually be at high risk for failure, and therefore, for whom eSET 

would not be appropriate.   It is the hope that by taking these steps, eSET guidelines may be 

better tailored to appropriate patients and used in clinical settings to target patients for whom 

eSET will likely result in a healthy, singleton pregnancy. 

Efficacy of an existing eSET policy 

The first part of this dissertation assessed whether similar success rates were achieved in 

good prognosis patients who underwent eSET compared to those who opted for double embryo 

transfer (DET) following existing clinical guidelines.  Success was evaluated by both pregnancy 

and live-birth rates, and analyses were undertaken to evaluate whether success rates differed 

using traditional superiority analysis, as well as how similar the rates were by estimating a 95% 

confidence interval (CI) around the difference in rates.  Rates were considered equivalent if 

neither group had more than a 10% increased chance of success based on the calculated 95% CI.  

Overall, no significant differences were seen in pregnancy and 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.   

Pregnancy rates reached 84.6% in the eSET group and 84.5% in the eDET group, 

indicating a 0.1% higher pregnancy rate in the eSET group.  These estimates suggested that 

pregnancy rates were no different between the groups (p = 0.99).  The 95% confidence interval 

around the difference in pregnancy rates ranged from -7.9 to 8.1, and therefore, based on 
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previously defined criteria, clinical equivalence was demonstrated overall as the 95% CI did not 

reach 10% in either direction.  Conversely, live-birth rates were slightly lower overall among 

those opting for eSET compared to those choosing eDET (65.3% vs. 72.3%), although not 

significantly (p = 0.23).  Clinical equivalence was unable to be established, as the interval ranged 

from -18.5 to 4.5, indicating that compared to the eDET 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 obtaining a live-birth.  

Estimates were not materially different after controlling for significant baseline differences 

between the study groups.  Nonetheless, eSET did accomplish the intended task of reducing the 

occurrence of multiple gestation pregnancies following IVF, as the proportion of multiples in the 

eSBT group was significantly lower than in the eDET group (53.9% vs. 8.5%, p < 0.001).   

 This study demonstrated the use of eSET in a practice-based clinical setting, and 

illustrates its impact on IVF success rates in a pre-defined clinical population.  While this study 

showed that comparable pregnancy rates can be achieved in a clinical setting when utilizing 

prescribed elective single embryo transfer criteria, clinical equivalency in live-birth rates could 

not be demonstrated.  Therefore, although current eSET guidelines appear to be a step in the right 

direction towards maintaining high success rates while minimizing multiples gestation 

pregnancies, this study suggests that modifications to current guidelines may be warranted.  

Although patients in this study attained relatively high success rates overall, it is unclear whether 

targeting a slightly revised patient population could further increase equivalency of success rates, 

particularly with regard to the “take home baby” rate, which is the true desired outcome of any 

IVF procedure. 

Characterizing patients at specific risk for multiple gestations 

 While current elective single embryo transfer (eSET) guidelines do specify a particular 

target population for the procedure, inclusion criteria are rather broad and may not specifically 

identify patients at risk for a multiple gestation pregnancy.  Therefore, because the transfer of one 
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embryo may result in lower success rates in some patients, it is important to identify patients who 

are truly at increased risk for a multiple gestation pregnancy in order to balance the potentially 

reduced success rates with the benefit of fewer multiple gestation pregnancies.  The aim of the 

second part of this project was to identify clinical risk factors that characterize those at risk for 

multiple gestation pregnancies, and those resulting from multiple implantations in particular, to 

classify patients who would potentially benefit from eSET.  A number of clinical factors that may 

increase a patient’s risk for a multiple gestation pregnancy following IVF were identified, which 

have the potential to better define patients who should be targeted for eSET.  Odds of multiple 

birth decreased as maternal age increased, whereas a multiple gestation pregnancy was 

significantly more likely to occur in cycles with a fertilization rate greater than 80%, when 

embryos were transferred at the blastocyst stage, and when the second best embryo transferred 

was graded as “good”.  These factors were associated with multiple gestation pregnancy 

regardless of the number of embryos transferred in autologous patients undergoing a fresh 

embryo transfer cycle. 

 More specifically, compared to women younger than 35 years of age, women aged 38 – 

40 had significantly lower odds of having a multiple gestation pregnancy following IVF (OR = 

0.45, 95% CI 0.25 – 0.81), after adjusting for all other variables in the model.  No significant 

decrease in odds was seen among patients aged 35 – 37 and older than 40 compared to those 

younger than 35 (OR = 0.84, 95% CI = 0.49 – 1.44 and OR = 0.61, 95% CI = 0.27 – 1.38, 

respectively).  A significant increase in odds of multiple gestation was seen for cycles in which 

the fertilization rate exceeded 80% compared to a fertilization rate of 70% or lower (OR = 2.01, 

95% CI 1.19 – 2.88), and a non-significant increase was seen if the fertilization rate was between 

71 – 80% (OR = 1.63, 95% CI = 0.92 – 2.88), controlling for all other variables in the model.  

Blastocyst stage embryo transfers were 3.46 times more likely to result in a multiple gestation 

pregnancy than those transferred at the cleavage stage (95% CI = 1.77 – 6.79), after adjusting for 
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age, fertilization rate, and grade of the second embryo.  Compared to a cycle in which the second 

best embryo was rated as “poor”, an embryo graded as “good” significantly increased the odds of 

multiple gestation (OR = 5.02, 95% CI = 1.82 – 13.85), while an embryo rated as “fair” had a 

non-significant increased odds of multiple pregnancy (OR = 1.76, 95% CI = 0.86 – 3.59), 

adjusting for all other variables in the table.  Further adjustment for number of embryos 

transferred did not materially alter these estimates.   

In an attempt to evaluate multiple implantations only, analyses were repeated following 

the exclusion of definite monozygotic multiples.  Similar estimates were obtained, suggesting 

these risk factors identify patients at risk for multiple implantation more specifically, and could 

therefore be used to better outline eSET guidelines.  Ultimately, this study was able to identify 

risk factors for multiple gestation among a group of patients who achieved a pregnancy following 

IVF.  Thus, rather than focusing on cycle number and total number of embryos available, as has 

been presently recommended for eSET, quality of the embryo cohort and the grade of the 

individual embryos available may be more relevant predictors of excessive implantation 

following treatment.   

Identifying young patients at increased risk for cycle failure 

Although young women are generally thought to have a high chance of success following 

IVF, and therefore seem to be likely candidates for eSET, they are not necessarily at an increased 

risk for multiple gestation pregnancies, and further, more than half of women under the age of 35 

fail to achieve a live-birth following treatment.
2
  Therefore, in order to better determine which 

young women should be targeted for eSET, the third part of this project sought to evaluate 

whether clinical variables routinely collected prior to embryo transfer could be used to predict 

IVF cycle failure among women under the age of 35.  Overall, results of this study indicated that 

clinical factors that would likely be collected in infertility practices could potentially be used as 

early indicators for potential cycle failure among young women undergoing IVF.  The most 
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relevant early predictors of cycle failure for women under the age of 35 were comprehensive 

reproductive history, including history of previous preterm or full-term live-birth and history of 

biochemical pregnancies and spontaneous abortions, and factors related to ovarian reserve and 

follicle maturity.  Probability for failure increased with increasing day 3 follicle stimulating 

hormone (FSH), and decreased with increasing antral follicle count (AFC) and a higher number 

of follicles larger than 14mm on the day of hCG administration.  These factors, in combination 

with primary infertility diagnosis, provided a good predictive measure of failure according to the 

AUROC (c = 0.873). 

Having had a prior preterm or full-term birth significantly reduced the odds of failure 

following IVF treatment (OR = 0.03, 95% CI = 0.01 – 0.08, and OR = 0.03, 95% CI = 0.01 – 

0.06, respectively), while having had a previous biochemical pregnancy or spontaneous abortion, 

and higher  day 3 FSH increased odds of failure (OR = 3.18, 95% CI 1.37 – 7.37, OR = 2.57, 

95% CI = 1.33 – 4.96, and OR = 1.11, 95% CI = 1.04 – 1.18, respectively), while higher AFC and 

number of follicles larger than 14mm decreased odds of failure following IVF (OR = 0.97, 95% 

CI = 0.95 – 0.99, and OR = 0.85, 95% CI = 0.75 – 0.97, respectively) after controlling for all 

other variables in the model.  Based on the beta estimates from the final logistic regression model 

developed and the relevant equation for calculating individual probabilities, each patients’ 

individual probability of failure was compared with her actual cycle outcome.  With the exception 

of patients in the lowest probability group (< 20%), percent of patients who had a failed cycle 

increased with increasing predicted probability of failure to a high of 95% among patients who 

scored 80% or higher.   This equates to a positive predictive value (PPV) of 95%, were 80% 

chosen as the cut-off for a “positive” test.  Furthermore, at this cut-point, more than half of the 

patients who had a failed cycle were screened out (sensitivity = 96/165 or 58.2%).  Specificity at 

this cut-off was very high, correctly identifying 97.1% of those who would ultimately have a 
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successful IVF cycle (167/172), although negative predictive value (NPV) was slightly lower 

(167/236 = 70.8%). 

This study presented a baseline model for predicting probabilities for IVF cycle failure 

among women under the age of 35, with relatively good predictive ability in the study population.  

It is thought that if young patients at a high risk for IVF failure can be identified using early, 

patient driven clinical factors, physicians may be able to use this information to guide later 

clinical decisions, such as the day of embryo transfer or the number of embryos to transfer, in 

attempts to increase the chances of achieving a live-birth in these patients.  Additionally, this 

study suggests that it is likely that not all patients under the age of 35 are good candidates for 

eSET.  Further, a patient’s age alone should not be used in determining eSET eligibility, but 

rather a more comprehensive clinical profile should be considered when recommending eSET to 

a particular patient in order to assure a high chance of success when transferring fewer embryos 

than usual.   

Conclusion  

As a whole, this project presents a more detailed methodology for targeting appropriate 

patients for eSET.  While the first part of this dissertation suggests that current eSET guidelines 

are on the right track, the lack of equivalency in live-birth rates among patients opting for single 

embryo transfer and those choosing to transfer two embryos suggests that clinical criteria may not 

be as specific as they should be.  Although current policies suggest eSET be applied to more 

readily to women under the age of 35 undergoing either a first or second IVF cycle, or those who 

have had a previously successful cycle,
1
 the study undertaken in the second chapter of this 

dissertation  indicated that cycle number is not a good indicator for patients at risk for a multiple 

gestation pregnancy.  Further, the study also suggested that restricting the autologous patient 

population to those under the age of 35 may not be appropriate, as risk for multiples was 

increased in both women under the age of 35 and women aged 35-37.  Expansion of eSET to 
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women under the age of 38 has been proposed previously,
3-8

 and is further supported by the 

present investigation.  Doing so would expand the base population eligible for eSET, thereby 

further reducing the overall multiple gestation rate of the entire IVF population.   

 Yet, increasing the age cut-off for eSET is not without its risks.  Success rates following 

IVF have consistently been shown to decline beginning around age 35,
9
 which is why existing 

guidelines suggest 35 as the cut-off.  However, as shown in the third part of this dissertation, age 

alone is likely not a good indicator of potential success.  Even among women under the age of 35, 

factors related to reproductive history, ovarian reserve, and follicle maturity were good indicators 

of potential cycle failure, thereby suggesting that clinical factors could be used to screen out 

seemingly good prognosis eSET patients.  To facilitate an increase in the age cut-off, additional 

work needs to be done to determine which factors characterize women up to the age of 37 who 

are likely not good candidates for eSET.  In doing this, it may be able to magnify the baseline 

patient population for eSET without sacrificing overall success rates.   

 In general, it appears that clinicians and researchers in the field have begun to recognize 

the value of obtaining a singleton pregnancy in IVF rather than striving to obtain any pregnancy 

overall, despite the risks of a multiple gestation.
10, 11

  However, in order to do this in a manner 

that is acceptable to both physicians and patients, fertility clinics must maintain an satisfactorily 

high live-birth rate among patients in whom only a single embryo is transferred during treatment.  

Overall, this dissertation indicates that while we are moving in the right direction, there are 

potential gaps in clinical guidelines that, were they addressed, could further increase the efficacy 

of the procedure.  Current eSET guidelines do not necessarily include all patients truly at 

increased risk for a multiple gestation pregnancy, and further, may incorrectly encompass patients 

at high risk for cycle failure.  Rather than simply focusing on patient age and cycle number, or the 

number of embryos available, eSET guidelines should take the quality of the embryo cohort into 

consideration.  Factors such as the fertilization rate or the grade of the second best embryo rather 



91 

 

 

 

than only the first may be better indicators of patients who would likely benefit from the transfer 

of a single embryo only.  Additionally, failure to consider factors such as pregnancy history, day 

three FSH, AFC, and number of follicles greater than 14mm, may result in the inclusion of 

patients at high risk for failure in a population designated for eSET.  This would result in lower 

than expected success rates, thereby weakening any eSET policy.  In considering both clinical 

patient factors and embryo cohort characteristics, a more comprehensive profile of patients best 

suited for elective single embryo transfer could be developed that would increase the efficacy of 

the procedure overall, and as a result, decrease the exceedingly high rate of multiple gestation 

pregnancies currently seen in in vitro fertilization. 
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