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PRO: Prevention of in vitro
fertilization twins should
focus on maximizing single
embryo transfer
Pro 1. Gabriel Garzo, M.D.
Twin pregnancy is an iatrogenic
complication of in vitro fertilization
(IVF) associated with severe as well as
subtle adverse outcomes (1). With
higher implantation rates (IRs) and
reﬁned cryopreservation protocols for extra embryos (2),
many centers like ours worldwide have made single embryo
transfer (SET) the default choice for most IVF couples. When
accompanied by preimplantation genetic screening, elective
SET (eSET) pregnancy rates at all ages have reached 50% or
higher (3), whereas double embryo transfer (DET) would carry
an unacceptable risk of twins. Equivalent or superior results
can be achieved with sequential transfer of the two embryos
(4–6). We provide detailed counselling at the initial visit so
that a couple has the opportunity to seek another provider if
they disagree with our center's policy. Once a comprehensive
presentation of the risks and alternatives has been made, it is
our experience that most couples prefer single embryo transfer.

CON: Twins are an
acceptable complication of
in vitro fertilization
Con 1. Eli Y. Adashi, M.D.,
M.S.
The birth of twins need not invariably
be viewed as an adverse outcome of
ART (39). A uniform eSET policy
may not meet patient expectations
(40) and may be seen as arbitrary
and not suited to their individual desires and circumstances
(39, 40). Discretionary DETs have their place when preferred
by the couple, absent overriding contraindications. Patient
autonomy, long-standing infertility, and advancing age
warrant nothing less. That said, a selective DET policy is not
incompatible with the outlook that eSETs are preferable
when feasible and agreed upon by both physician and patient.
The option of selective DETs has consistently been
acknowledged for IVF programs and their patients by our national organizations. According to the most recent guidelines
published in 2017 by the American Society for Reproductive
Medicine and the Society for Assisted Reproductive Technology, the recommended limit for the number of blastocysts to
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In addition to more serious risks outlined below, it is now
known, compared to births at 39 weeks, early-term births
(37-38 weeks) are associated with an increase in adverse neonatal
outcomes by a magnitude of up to 4-fold at 37 weeks and 2-fold at
38 weeks (7, 8). These are primarily respiratory and with Caesarian
delivery (9), which is the mode of delivery for most IVF twins, but
also include other neonatal complications. Because the modal
week (highest frequency) for assisted reproductive technology
(ART) twin births is 37 weeks, 39.2% of twins are born earlyterm (1). If we add the risk of preterm birth (53.8% in this study)
plus early-term, twins have over a 90% risk of being born before
39 weeks and at risk of an adverse outcome.
The brain grows rapidly during the ﬁnal four weeks of pregnancy, with a nearly 50% increase in cortical gray matter (10), a
nearly threefold increase in myelinated white matter (10), and
increasing neuronal and gyral differentiation (11). In a large study
of third grade children, math and reading scores progressively
increased from 37 to 40 weeks (12). In children born at 34 to
36 weeks there is an increased incidence of a variety of abnormalities of intellectual and neurologic function (12), and with greater
degrees of prematurity, such deﬁcits are increasingly common.
A further risk of twin pregnancies is the impact of complications on families. Birth of a severely handicapped child can
be devastating, and siblings of a disabled child can be psychologically affected (13). Mothers of twins have a higher risk of
depression, and divorce is more common (14, 15).
It has been suggested eSET is not appropriate in older women
or younger women facing a progressive decrease in ovarian function, and that twins are a desirable outcome to help them complete their family. However, twins will signiﬁcantly increase
the risk of maternal complications in older women (16). An alternative is to undergo two or more banking cycles to store multiple
euploid embryos while fertility is higher, which will also reduce
miscarriage and its associated delays and psychological trauma.
DET may decrease the chance of later pregnancies if only one of
the embryos implants, because a further cycle will be delayed until after delivery.
Insurance companies in the U.S. are increasingly encouraging eSET by choosing referral centers based on the number
of embryos transferred, due to high costs of providing medical
care to preterm babies (14), further magniﬁed now that more
extremely premature babies are surviving (14). Lifetime expenses
of medical care for resulting disabilities further increase costs.

be transferred for a favorable prognosis couple (with the
exception of euploid embryos) is 1, %2, and %3for patients
<37, 38-40, and 41-42 years of age, respectively (38).
A debate over the relative utility of eSET and DET policies
need not resolve the simpler question, that is, whether or not
twin pregnancies constitute an undesirable outcome of either
assisted or unassisted conception. All else being equal, twin
pregnancies are best avoided (41–45). The mono-ovulatory
uniparous species that is humanity is ill-designed to accommodate multiple intrauterine offspring (46). What is under
discussion herein is the rationalization of those twin pregnancies that are the product of a discretionary DET policy that is
selectively applied (39, 40).
A uniform eSET policy is hardly without shortcomings. In
the eyes of DET-eligible patients, it may be considered as needlessly effort and cost intensive at best, and potentially compromising to their chance of success at worst. Although the total
cost-effectiveness into the neonatal period of eSET can be questioned when compared to the costs of DET because of the higher
success rate of DET (47, 48), when DET was compared to two
sequential SETs (as occurs with cryopreservation of the
additional embryo), the total costs decreased from 581 to 386
million dollars per 10,000 births (49). However, from purely a
patient rather than societal perspective, infertility treatment
expenses are out of the couple's pockets, whereas pregnancy
and neonatal costs come out of a different pocket (medical
insurance). A uniform eSET policy may also be regarded as illsuited for couples who prefer an accelerated approach to family
building, particularly in the presence of age-dependent decrements in ovarian function. Other examples include those afﬂicted with age-inappropriate ovarian function, those who
may have previously experienced an IVF failure, or those who
lack the psychological and/or ﬁnancial means to embark on
what could prove to be a long stretch of uncertainty. As has
been repeatedly shown, the success rates of DETs are superior
to those of eSETs (48, 50, 51). Although the cumulative live
birth rate of sequential eSETs is comparable if not superior to
that effected by a single DET in the context of the young
patient (50, 51), for older couples or for those with speciﬁc
pathologies, that may not be the case. Furthermore, for couples
desiring more than one or two offspring, a more accelerated
approach may be more in concert with those desires. It is here
that all-important patient autonomy must be preserved with
eSETs not being mandated for lower prognosis couples by providers, payers nor by national guidelines or regulations.
In 2015, the national twin birth rate declined from 33.9 to
33.5 per 1,000 total births (52) and the contribution of IVF to
the national twin birth rate also declined from 15.6 to 14.5%
(53). Still, 11% and 59% of the twins born in 2015 were very preterm (under 32 weeks) and preterm (under 37 weeks), respectively
(52). In addition, 10 and 55% of the twins born were characterized
as very low birthweight (<1,500 g) and low birthweight
(<2,500 g, respectively (52). Continued vigilance and measures
to reduce these complications are clearly required. As embryo
implantation rates and insurance coverage for IVF continue to

Pro 2. Anja Pinborg, M.D.,
D.M.Sc.
IVF twin rates have been steadily
decreasing worldwide from above
30% to less than 10% more recently.
Live birth rates per started cycle have
remained unchanged (17). Simultaneously decreases in preterm birth
and perinatal mortality rates have
been observed, with the steepest
decline in countries pioneering
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broader application of SET, such as Sweden and Finland (18).
Risks in twin pregnancies are up to ten-fold higher and still
birth occurs two to three-fold more often compared to
singleton pregnancies (19). Twin births should be compared
to two sequential singleton births, as the second birth is not
associated with the higher obstetrical risks of nuliparity. Risks
of IVF twins substantially exceed the risks of two IVF singleton
births (4). The prevalence of neurodevelopmental disability
including cerebral palsy is higher in twins than singletons in
population-based studies (20). In ART singletons of
<32 weeks of gestational age the prevalence of cerebral palsy
was doubled compared with spontaneously conceived singletons, but for ART twins the odds of CP was signiﬁcantly higher
than for ART singletons (21). By adjusting for preterm birth,
risks for twins diminish, however preterm birth should be
considered as a mediator and not a confounder in the relationship between ART twins and neurodevelopmental outcomes.
The risk of preterm birth is increased in ART singleton pregnancies resulting from a vanishing twin pregnancy and the
later in pregnancy the spontaneous reduction occurs the higher
the risk of cerebral palsy (22). Thus, consequences of DET are
not only observed in twin pregnancies but also in singletons
pregnancies with spontaneous reduction, even if the reduction
occurs before week 7-8 (22). Data suggesting that CP is
increased in singleton pregnancies with transfer of more
than one embryo, but not with SET (21, 23, 24) should be
reproduced in larger studies. If further validated, that
observation alone argues very strongly for SET. Maternal
mortality is also higher in twin IVF pregnancies (25, 26).
Because of the persistent occurrence of twins after DET, it
has been suggested to expand eSET policy to include women
under age 38 until their third cycle and for cryopreservation
cycles (27). The ability to further reduce IVF twin rates is
inﬂuenced by local regulations and costs of IVF treatment.
In Denmark for couples under age 40, up to three IVF cycles,
including surplus FET cycles, are fully reimbursed, and costs
for medication are partly reimbursed above a self-payment
of 1000 dollars. A guideline from the Danish Fertility Society
in 2015 established a policy aimed at reducing the twin rate to
5-8%. It was recommended that single embryo transfer
should be routine except in cases with low prognosis (e.g.
women R 40 years of age, more than 4 unsuccessful IVF embryo transfers, or decreased embryo quality). This effort
reduced the twin birth rate to 5% in 2016, with the majority
of clinics following the guideline without lowering their overall pregnancy rates. Obstetric risks are even greater in ageing
women, therefore DET should only be considered after failed
treatment cycles and with lower quality embryos. Similar
progress is more difﬁcult to achieve in locations where the
costs of fertility care are borne by the couple themselves.
Patients' perceptions and decisions regarding eSET are
dependent on the level of information as well as the attitude
and commitment of their physicians and ancillary personnel.
Provided they are adequately educated regarding the risks of a
twin pregnancy to the mother and her offspring, most couples

increase, at least some of the mitigating circumstances leading
couples to choose DET will abate and any excess risks and
costs further debated herein are certain to also decline (54).
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Con 2.
M.D.

Norbert

Gleicher,

Two studies have suggested clinically
relevant increases in maternal and
neonatal risks with IVF twins over two
consecutive IVF singleton pregnancies
(4, 55). The Swedish study claimed to
have demonstrated ‘‘dramatically’’
higher maternal and neonatal risks (4).
Cesarean sections were increased (odds
ratio [OR] 4.19, 95% conﬁdence
interval [CI] 3.32-5.29), as were risks for premature rupture of
membranes (OR 8.43, 95% CI 4.86-14.63) and preeclampsia
(OR 2.64, 95% CI 1.81-3.86). Risks of placenta previa were,
however, reduced (OR 0.37, 95% CI 0.17-0.81), and there were
no differences noted in gestational diabetes, other maternal
morbidities or maternal mortality. Neonatal risks were higher
for sepsis (OR 2.31, 95% CI 1.29-4.13), respiratory
complications (OR 4.92, 95%CI 3.68-6.58) and jaundice (OR
5.03, 95%CI 3.77-6.70); but, most importantly, Apgar scores
below 7, perinatal and ﬁrst-year mortalities as well as congenital
abnormalities did not differ. La Sala et al. (55) also concluded
that twin pregnancies gave rise to more complications. They,
however, reached this conclusion without demonstrating any
differences in Apgar scores, neonatal intensive care unit admissions, perinatal mortality, intrauterine fetal demises and
neonatal deaths. A more balanced conclusion would be that
twin pregnancies appear associated with mildly increased
maternal and neonatal complications than two consecutive
singleton pregnancies. These reports call into question how clinically relevant these differences in risk are.
Any risks must always be balanced against beneﬁts. The
improved pregnancy chance of DET in comparison to eSET
has remained undisputed (50). Although some reports, as
mentioned previously, have suggested equal or better success
with two consecutive SETs, at a minimum successful live
birth/s are delayed and intervening uterine pathology could preclude success in an individual patient. It is irresponsible to suggest to infertility patients that following a ﬁrst successful IVF
cycle they can expect a second equally successful cycle. Even
with the newest cryopreservation techniques using vitriﬁcation
of embryos there is a chance of failure of embryos to survive
freezing and warming (reported as 3-14%) (56, 57). Although
some will speculate that embryos failing to survive
cryopreservation lack the capacity to implant, couples must be
informed that deferred transfer may carry some risk to capable
embryos.
A further important issue is cost. Most comparisons have
relied on modelling and, therefore, on often unsupported assumptions. Moreover, not a single cost-effectiveness study
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will prefer single embryo transfer, only very rarely asking for
DET. Couples should be reassured that similar cumulative live
birth rates can be obtained by sequential SET compared to
double embryo transfer (4–6). In most Nordic settings at the
initial visit couples are informed about single embryo
policy, the risks of twin pregnancies and success rates using
sequential fresh and frozen SET cycles.

has considered life-long earning potentials of offspring. By
covering in their models only pregnancy, delivery, and neonatal
periods, all of these studies created a one-sided balance sheet of
only expenses, without consideration of income for society.
The Canadian province of Quebec initiated a governmentsponsored insurance program for IVF, which traded establishment of the program for a commitment by the IVF community
toward eSET. Signiﬁcant reductions in twin pregnancy rates in
the province were presented as an overwhelming success of the
program (58). What authors and government bureaucracy,
however, did not consider in their initial program assessment
was the fact that Quebec lost 26.2% of its IVF pregnancies/births
because of lower eSET than DET rates and a large part of their
second child birth rate resulting from twins. Combined, the
province lost roughly a third (33.1%) of their annual IVF births
(59). The program was terminated because of cost-concerns.
The last 10 years of available data from Japan and
Australia/New Zealand, the two regions of the world where
eSET utilization has been increasing the most, point out additional consequences of an aggressive eSET policy. Japan over
that time period lost two-thirds of the country's live births,
while tripling cycle starts. Australia/New Zealand demonstrated a similar interplay between live birth rates and cycle
starts (60). Despite having highly sophisticated levels of
reproductive biology research, these two regions of the world
produced over this decade by far lowest live birth rates anywhere in the industrialized world (60). Considering how
much infertile women prioritize establishment of pregnancy
over almost all other considerations (61), such practice cannot
be viewed as ‘‘patient-friendly’’ and/or clinically appropriate.

Pro 3. Brad Van Voorhis,
M.D.
In the absence of counselling, couples
commonly desire twins. In one study,
at intake, 30% of infertility patients
listed a twin, triplet, or quadruplet
pregnancy as their most desired
outcome. Associated factors were nulliparity, lower family income,
younger patient age, and limited
knowledge of medical complications
of twin pregnancies (28). Younger nulliparas may underestimate the challenges of raising twins. Those with a lower income may wish to achieve their ideal family size with less
cost. In a further study, 29% of couples presenting for IVF
listed twins as their most desired treatment outcome, their
most common reason being to reach an ideal family size
more quickly (29).
Education can alter patient desire for twins (29, 30). Using
written and verbal communication, couples were educated
about the health risks of twins to pregnant women, their
fetuses and offspring. Fewer patients ranked twins as their
most desired outcome following education (14% versus
29%, P< .001). Nevertheless, patients often would still
choose double embryo transfer if they perceived success to
be as little as 5% greater (29, 31–33).
Education must also focus on cumulative pregnancy
rates. Although eSET results in a small but signiﬁcant
decrease in achieving pregnancy, the cumulative pregnancy
rate with two sequential SET's is at least equal to that achieved
with DET (4–6). With modern embryo freezing techniques,
improved embryo selection and accumulating evidence
about the adverse effects of ovarian stimulation on
endometrial receptivity, our focus should be on cumulative
outcomes. Costs of an eSET strategy pale in comparison to
those borne by patients and the healthcare system from
multiple gestation pregnancies and newborn care.
In one study an educational DVD increased acceptance of
eSET more than a brochure (34). Particularly effective were patient testimonials about their experience and resulting stress
with premature twin deliveries. Decision aids graphically
demonstrating risks of adverse outcomes were also useful
(35). Recently, Centers for Disease Control and Prevention
and SART partnered to distribute a patient education sheet
summarizing outcomes data from singleton and multiple
gestation pregnancies following IVF. SART has created a pre226

Con 3. Jean Parinaud, M.D.,
Ph.D.
A majority of couples undergoing
infertility treatments consider twins
the best outcome (28, 33, 62–67).
Whatever their geographic origin,
U.S., Europe, Australia, or Africa,
more than 50% prefer to have twins,
because they want their children to
have a sibling, they have a positive
attitude towards having twins, they
want to have as few treatments as possible (64, 68), they
have long-time infertility (65) and they have fears regarding
the female partner's age (64). Being nulliparous and desiring
to limit infertility treatment costs are also reasons to prefer
twins (28, 66). In one study, neither the woman's age nor
the degree of education had an inﬂuence on the desire for
twins (66).
The attitude of patients toward a twin pregnancy can be
inﬂuenced greatly by the extent of information given by the
medical team regarding risks. However, when three scenarios
of risks were presented to patients (low, medium and high),
only the highest risk changed their desire for twins (62, 63).
VOL. 109 NO. 2 / FEBRUARY 2018
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dictor of IVF treatment outcomes (www.SART.org) which allows patients to enter their own demographic and clinical information and compare individualized estimates of
cumulative and multiple gestation pregnancy rates with DET
vs. sequential SET. This powerful tool allows patients to see
that equal or even superior pregnancy rates can be achieved
in their particular situation with sequential single embryo
transfers.
Some patients will still insist on DET. Physicians and
other healthcare providers should follow the highest standards of ethical clinical practice. Although respect for patient
autonomy is an important bioethical principle, so too is the
principle of non-maleﬁcence (‘do no harm’) and the right of
conscientious practice for physicians. Deferring to patient autonomy inappropriately abrogates the important moral and
ethical responsibilities of the physician by making physicians
mere technicians or vendors of healthcare goods (36, 37). The
American Society for Reproductive Medicine/Society for
Assisted Reproductive Technology practice committee
recently revised the embryo transfer guidelines to
unambiguously call for transfer of a single embryo in good
prognosis patients (38).
One way to strengthen an eSET program is to inform the
patient at their initial visit that your clinic's policy is to follow
professional embryo transfer practice guidelines to give them
the best and safest outcomes of treatment. This respects patient autonomy by providing full information, opening up
discussion, and allowing patients who disagree to seek care
elsewhere. These discussions must take place long before
the emotionally charged day of embryo transfer. We have
found that patients are highly receptive to an eSET policy
when they appreciate the clinic's commitment to achieving
both a high pregnancy rate and optimal maternal and
neonatal outcomes. Healthy singleton babies should be the
expectation and seldom the exception.

The way information was presented (brochure, interview with
obstetricians, embryologists or nurses, DVD) had no effect on
patients' attitudes (33, 34). Thus, it's the position of the medical
team toward multiple pregnancy which is the most important
thing that inﬂuences patients' preferences. Dramatizing the
outcome of twin pregnancies appears to be the best way for
convincing patients to accept eSETs. The number of previous
IVF attempts also has a great impact since, after one IVF
failure, 41% of patients who preferred singletons before the
ﬁrst attempt turn into a preference for twins (67). Personal
experience of having twins is very positive (85% of IVF-twin
mothers preferred twins, while only 38% of IVF-singleton
mothers preferred singleton) (69). Twin pregnancies are well
accepted and even wished by patients as an acceptable risk
to increase the chances of parenthood. Indeed, while the use
of eSET in good prognostic patients maintains good pregnancy rates, its application to all patients results in lower pregnancy success (70). Therefore a universal attitude toward the
number of embryos to be transferred is difﬁcult to accept,
and the choice must be made by patients and physicians according to the patients' desires, the chances of success and
the individual's risk of a twin pregnancy as a function of patient characteristics and medical history (40).
Many factors can inﬂuence implantation rates such as the
woman's age, ovarian response to stimulation, rank of
attempt or embryo morphology and developmental kinetics.
Integration of these parameters into a global score may help
in the decision to transfer of 1 or more embryos. Gatimel
et al. (71) calculated a score including age, ovarian response,
rank of attempt and number and morphology of embryos
which allowed prediction of early embryo implantation over
a range of 5 to 28%. Evaluation of embryo quality through
time-lapse observation holds promise, although its use remains controversial. A Cochrane review of randomized
controlled studies showed an increase in clinical pregnancy
rate which was not statistically signiﬁcant (72). Since this
technique needs a sizeable investment, more data must be
available before its routine use. Genetic screening of polar
body (73) or embryos (74) according to some authorities allows detection of euploid embryos with an increased potential
for development. However, that contention is controversial
and its use will also remain restricted due to expense. Therefore, the transfer of more than 1 embryo is still the best way to
improve results in patients with moderate or low chances of
success, while taking a moderate risk of twins.

VOL. 109 NO. 2 / FEBRUARY 2018

227

FERTILE BATTLE

REFERENCES
1.

2.

3.

4.

5.

6.

7.
8.

9.

10.

11.
12.

13.
14.
15.

16.
17.

18.

19.
20.
21.
22.

228

Declercq E, Luke B, Belanoff C, Cabral H, Diop H, Gopal D, et al. Perinatal
outcomes associated with assisted reproductive technology: the Massachusetts Outcomes Study of Assisted Reproductive Technologies (MOSART).
Fertil Steril 2015;103:888–95.
Cobo A, de los Santos MJ, Castello D, Gamiz P, Campos P, Remohi J. Outcomes of vitriﬁed early cleavage-stage and blastocyst-stage embryos in a
cryopreservation program: evaluation of 3,150 warming cycles. Fertil Steril
2012;98:1138–1146 e1.
Garzo VG, Yeo AL, Su I, Cook-Andersen H, Meldrum DR, Duleba A. High
pregnancy rates can be achieved with elective single embryo transfer offered
to all patients. Fertil Steril 2016;106:174.
Sazonova A, Kallen K, Thurin-Kjellberg A, Wennerholm UB, Bergh C.
Neonatal and maternal outcomes comparing women undergoing two
in vitro fertilization (IVF) singleton pregnancies and women undergoing
one IVF twin pregnancy. Fertil Steril 2013;99:731–7.
McLernon DJ, Harrild K, Bergh C, Davies MJ, de Neubourg D, Dumoulin JC,
et al. Clinical effectiveness of elective single versus double embryo transfer:
meta-analysis of individual patient data from randomised trials. BMJ 2010;
341:c6945.
Mancuso AC, Boulet SL, Duran E, Munch E, Kissin DM, Van Voorhis BJ. Elective single embryo transfer in women less than age 38 years reduces multiple
birth rates, but not live birth rates, in United States fertility clinics. Fertil Steril
2016;106:1107–14.
Gynecology ACoOa. Committee Opinion No 579: Deﬁnition of term pregnancy. Obstet Gynecol 2013;122:1139–40.
Tita AT, Eunice Kennedy Shriver National Institute of Child H, Human Development Maternal-Fetal Medicine Units N. What we have learned about
scheduling elective repeat cesarean delivery at term. Semin Perinatol
2016;40:287–90.
Tita AT, Landon MB, Spong CY, Lai Y, Leveno KJ, Varner MW, et al. Timing
of elective repeat cesarean delivery at term and neonatal outcomes. N Engl J
Med 2009;360:111–20.
Huppi PS, Warﬁeld S, Kikinis R, Barnes PD, Zientara GP, Jolesz FA, et al.
Quantitative magnetic resonance imaging of brain development in premature and mature newborns. Ann Neurol 1998;43:224–35.
Adams-Chapman I. Neurodevelopmental outcome of the late preterm infant. Clin Perinatol 2006;33:947–64, abstract xi.
Noble KG, Fifer WP, Rauh VA, Nomura Y, Andrews HF. Academic achievement varies with gestational age among children born at term. Pediatrics
2012;130:e257–64.
Bryan E. The impact of multiple preterm births on the family. BJOG 2003;
110(Suppl 20):24–8.
Chambers GM, Ledger W. The economic implications of multiple pregnancy
following ART. Semin Fetal Neonatal Med 2014;19:254–61.
Vilska S, Unkila-Kallio L, Punamaki RL, Poikkeus P, Repokari L, Sinkkonen J,
et al. Mental health of mothers and fathers of twins conceived via assisted
reproduction treatment: a 1-year prospective study. Hum Reprod 2009;
24:367–77.
Duckitt K, Harrington D. Risk factors for pre-eclampsia at antenatal booking:
systematic review of controlled studies. BMJ 2005;330:565.
European IVFMCftESoHR, Embryology, Calhaz-Jorge C, de Geyter C,
Kupka MS, de Mouzon J, Erb K, et al. Assisted reproductive technology in
Europe, 2012: results generated from European registers by ESHRE. Hum
Reprod 2016;31:1638–52.
Henningsen AA, Gissler M, Skjaerven R, Bergh C, Tiitinen A, Romundstad LB,
et al. Trends in perinatal health after assisted reproduction: a Nordic study
from the CoNARTaS group. Hum Reprod 2015;30:710–6.
Pinborg A. IVF/ICSI twin pregnancies: risks and prevention. Hum Reprod Update 2005;11:575–93.
Lorenz JM. Neurodevelopmental outcomes of twins. Semin Perinatol 2012;
36:201–12.
Goldsmith S, McIntyre S, Badawi N, Hansen M. Cerebral palsy after assisted
reproductive technology: a cohort study. Dev Med Child Neurol 2017.
Pinborg A, Lidegaard O, la Cour Freiesleben N, Andersen AN. Consequences
of vanishing twins in IVF/ICSI pregnancies. Hum Reprod 2005;20:2821–9.

23.
24.

25.

26.

27.
28.
29.

30.

31.

32.

33.

34.

35.

36.
37.
38.
39.
40.
41.

42.

43.

44.

45.

Hvidtjorn D, Grove J, Schendel D, Vaeth M, Ernst E, Nielsen L, et al. 'Vanishing embryo syndrome' in IVF/ICSI. Hum Reprod 2005;20:2550–1.
Hvidtjorn D, Grove J, Schendel D, Svaerke C, Schieve LA, Uldall P, et al. Multiplicity and early gestational age contribute to an increased risk of cerebral
palsy from assisted conception: a population-based cohort study. Hum Reprod 2010;25:2115–23.
Braat DD, Schutte JM, Bernardus RE, Mooij TM, van Leeuwen FE. Maternal
death related to IVF in the Netherlands 1984-2008. Hum Reprod 2010;25:
1782–6.
Santana DS, Cecatti JG, Surita FG, Silveira C, Costa ML, Souza JP, et al. Twin
Pregnancy and Severe Maternal Outcomes: The World Health Organization
Multicountry Survey on Maternal and Newborn Health. Obstet Gynecol
2016;127:631–41.
De Neubourg D, Gerris J. What about the remaining twins since singleembryo transfer? How far can (should) we go? Hum Reprod 2006;21:843–6.
Ryan GL, Zhang SH, Dokras A, Syrop CH, Van Voorhis BJ. The desire of infertile patients for multiple births. Fertil Steril 2004;81:500–4.
Ryan GL, Sparks AE, Sipe CS, Syrop CH, Dokras A, Van Voorhis BJ. A mandatory single blastocyst transfer policy with educational campaign in a United
States IVF program reduces multiple gestation rates without sacriﬁcing pregnancy rates. Fertil Steril 2007;88:354–60.
Tobias T, Sharara FI, Franasiak JM, Heiser PW, Pinckney-Clark E. Promoting
the use of elective single embryo transfer in clinical practice. Fertil Res Pract
2016;2:1.
Grifﬁn D, Brown L, Feinn R, Jacob MC, Scranton V, Egan J, et al. Impact of an
educational intervention and insurance coverage on patients' preferences to
transfer multiple embryos. Reprod Biomed Online 2012;25:204–8.
Blennborn M, Nilsson S, Hillervik C, Hellberg D. The couple's decisionmaking in IVF: one or two embryos at transfer? Hum Reprod 2005;20:
1292–7.
Murray S, Shetty A, Rattray A, Taylor V, Bhattacharya S. A randomized comparison of alternative methods of information provision on the acceptability
of elective single embryo transfer. Hum Reprod 2004;19:911–6.
Hope N, Rombauts L. Can an educational DVD improve the acceptability of
elective single embryo transfer? A randomized controlled study. Fertil Steril
2010;94:489–95.
van Peperstraten AM, Hermens RP, Nelen WL, Stalmeier PF, Wetzels AM,
Maas PH, et al. Deciding how many embryos to transfer after in vitro fertilisation: development and pilot test of a decision aid. Patient Educ Couns
2010;78:124–9.
Curlin FA, Lawrence RE, Chin MH, Lantos JD. Religion, conscience, and
controversial clinical practices. N Engl J Med 2007;356:593–600.
Callahan D. Communitarian bioethics: a pious hope? Responsive Community 1996;6:26–33.
Technology. PCotASfRMPCotSfAR. Guidance on the limits to the number of
embryos to transfer: a committee opinion. Fertil Steril 2017;107:901–3.
Gleicher N, Barad D. Twin pregnancy, contrary to consensus, is a desirable
outcome in infertility. Fertil Steril 2009;91:2426–31.
Gleicher N, Barad D. The relative myth of elective single embryo transfer.
Hum Reprod 2006;21:1337–44.
Min JK, Breheny SA, MacLachlan V, Healy DL. What is the most relevant
standard of success in assisted reproduction? The singleton, term gestation,
live birth rate per cycle initiated: the BESST endpoint for assisted reproduction. Hum Reprod 2004;19:3–7.
Pinborg A, Loft A, Rasmussen S, Schmidt L, Langhoff-Roos J, Greisen G, et al.
Neonatal outcome in a Danish national cohort of 3438 IVF/ICSI and 10,362
non-IVF/ICSI twins born between 1995 and 2000. Hum Reprod 2004;19:
435–41.
Pinborg A, Loft A, Schmidt L, Langhoff-Roos J, Andersen AN. Maternal risks
and perinatal outcome in a Danish national cohort of 1005 twin pregnancies:
the role of in vitro fertilization. Acta Obstet Gynecol Scand 2004;83:75–84.
Helmerhorst FM, Perquin DA, Donker D, Keirse MJ. Perinatal outcome of singletons and twins after assisted conception: a systematic review of
controlled studies. BMJ 2004;328:261.
Qin JB, Wang H, Sheng X, Xie Q, Gao S. Assisted reproductive technology
and risk of adverse obstetric outcomes in dichorionic twin pregnancies: a
systematic review and meta-analysis. Fertil Steril 2016;105:1180–92.

VOL. 109 NO. 2 / FEBRUARY 2018

Fertility and Sterility®
46.
47.

48.

49.

50.

51.

52.
53.

54.
55.

56.

57.

58.

59.
60.

Guttmacher AF. The incidence of multiple births in man and some of the
other unipara. Obstet Gynecol 1953;2:22–35.
Fiddelers AA, Severens JL, Dirksen CD, Dumoulin JC, Land JA, Evers JL. Economic evaluations of single- versus double-embryo transfer in IVF. Hum Reprod Update 2007;13:5–13.
Mersereau J, Stanhiser J, Coddington C, Jones T, Luke B, Brown MB. Patient
and cycle characteristics predicting high pregnancy rates with single-embryo
transfer: an analysis of the Society for Assisted Reproductive Technology
outcomes between 2004 and 2013. Fertil Steril 2017;108:750–6.
Crawford S, Boulet SL, Mneimneh AS, Perkins KM, Jamieson DJ, Zhang Y,
et al. Costs of achieving live birth from assisted reproductive technology: a
comparison of sequential single and double embryo transfer approaches.
Fertil Steril 2016;105:444–50.
Pandian Z, Marjoribanks J, Ozturk O, Serour G, Bhattacharya S. Number of
embryos for transfer following in vitro fertilisation or intra-cytoplasmic
sperm injection. Cochrane Database Syst Rev 2013:CD003416.
Luke B, Brown MB, Wantman E, Stern JE, Baker VL, Widra E, et al.
Application of a validated prediction model for in vitro fertilization: comparison of live birth rates and multiple birth rates with 1 embryo transferred over 2 cycles vs 2 embryos in 1 cycle. Am J Obstet Gynecol 2015;
212:676.e1–7.
Martin JA, Hamilton BE, Osterman MJ, Driscoll AK, Mathews TJ. Births: Final
Data for 2015. Natl Vital Stat Rep 2017;66:1.
CDC. National Center for Chronic Disease Prevention and Health Promotion.
Division of Reproductive Health. ART Success Rates. Final Data, 2015 In. Vol.
2017, 2017.
Adashi EY. Seeing double: a nation of twins from sea to shining sea. Am J
Obstet Gynecol 2016;214:311–3.
La Sala GB, Morini D, Gizzo S, Nicoli A, Palomba S. Two consecutive
singleton pregnancies versus one twins pregnancy as preferred outcome
of in vitro fertilization for mothers and infants: a retrospective case-control
study. Curr Med Res Opin 2016;32:687–92.
Herrero L, Pareja S, Aragones M, Cobo A, Bronet F, Garcia-Velasco JA.
Oocyte versus embryo vitriﬁcation for delayed embryo transfer: an observational study. Reprod Biomed Online 2014;29:567–72.
Edgar DH, Gook DA. A critical appraisal of cryopreservation (slow cooling
versus vitriﬁcation) of human oocytes and embryos. Hum Reprod Update
2012;18:536–54.
Bissonnette F, Phillips SJ, Gunby J, Holzer H, Mahutte N, St-Michel P, et al.
Working to eliminate multiple pregnancies: a success story in Quebec. Reprod Biomed Online 2011;23:500–4.
Gleicher N. Eliminating multiple pregnancies: an appropriate target for government intervention? Reprod Biomed Online 2011;23:403–6.
Kushnir VA, Barad DH, Albertini DF, Darmon SK, Gleicher N. Systematic review of worldwide trends in assisted reproductive technology 2004-2013.
Reprod Biol Endocrinol 2017;15:6.

VOL. 109 NO. 2 / FEBRUARY 2018

61.

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.

Scotland GS, McNamee P, Peddie VL, Bhattacharya S. Safety versus success
in elective single embryo transfer: women's preferences for outcomes of
in vitro fertilisation. BJOG 2007;114:977–83.
Newton CR, McBride J, Feyles V, Tekpetey F, Power S. Factors affecting patients' attitudes toward single- and multiple-embryo transfer. Fertil Steril
2007;87:269–78.
Kalra SK, Milad MP, Klock SC, Grobman WA. Infertility patients and their
partners: differences in the desire for twin gestations. Obstet Gynecol
2003;102:152–5.
Hojgaard A, Ottosen LD, Kesmodel U, Ingerslev HJ. Patient attitudes towards
twin pregnancies and single embryo transfer - a questionnaire study. Hum
Reprod 2007;22:2673–8.
Okohue JE, Onuh SO, Ikimalo JI, Wada I. Patients' preference for number of
embryos transferred during IVF/ICSI: a Nigerian experience. Niger J Clin Pract
2010;13:294–7.
Rai V, Betsworth A, Beer C, Ndukwe G, Glazebrook C. Comparing patients'
and clinicians' perceptions of elective single embryo transfer using the attitudes to a twin IVF pregnancy scale (ATIPS). J Assist Reprod Genet 2011;28:
65–72.
Fiddelers AA, Nieman FH, Dumoulin JC, van Montfoort AP, Land JA, Evers JL,
et al. During IVF treatment patient preference shifts from singletons towards
twins but only a few patients show an actual reversal of preference. Hum
Reprod 2011;26:2092–100.
Porter M, Bhattacharya S. Investigation of staff and patients' opinions of a
proposed trial of elective single embryo transfer. Hum Reprod 2005;20:
2523–30.
Pinborg A, Loft A, Schmidt L, Andersen AN. Attitudes of IVF/ICSI-twin mothers
towards twins and single embryo transfer. Hum Reprod 2003;18:621–7.
Barufﬁ RL, Mauri AL, Petersen CG, Nicoletti A, Pontes A, Oliveira JB, et al.
Single-embryo transfer reduces clinical pregnancy rates and live births in
fresh IVF and Intracytoplasmic Sperm Injection (ICSI) cycles: a meta-analysis.
Reprod Biol Endocrinol 2009;7:1–10.
Gatimel N, Ladj M, Teston C, Lesourd F, Fajau C, Cohade C, et al. How many
embryos should be transferred? A validated score to predict ongoing implantation rate. Eur J Obstet Gynecol Reprod Biol 2017;212:30–6.
Armstrong S, Arroll N, Cree LM, Jordan V, Farquhar C. Time-lapse systems
for embryo incubation and assessment in assisted reproduction. Cochrane
Database Syst Rev 2015:CD011320.
Feichtinger M, Stopp T, Gobl C, Feichtinger E, Vaccari E, Madel U, et al.
Increasing live birth rate by preimplantation genetic screening of pooled polar bodies using array comparative genomic hybridization. PLoS One 2015;
10:e0128317.
Sermon K, Capalbo A, Cohen J, Coonen E, De Rycke M, De Vos A, et al. The
why, the how and the when of PGS 2.0: current practices and expert opinions of fertility specialists, molecular biologists, and embryologists. Mol Hum
Reprod 2016;22:845–57.

229

