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Objective: To analyze the cost-effectiveness of IVF-ICSI cycles with elective single-embryo transfer (eSET), plus elective single frozen
embryo transfer (eSFET) if pregnancy is not achieved, compared with double-embryo transfer (DET).
Design: Cost-effectiveness analysis.
Setting: Public hospital.
Patient(s): A population of 121 women (<38 years old), undergoing their first or second IVF cycles.
Intervention(s): We conducted a cost-effectiveness analysis using the results of a prospective clinical trial. The women in group 1
received eSET plus eSFET, and those in group 2 received DET. A probabilistic sensitivity analysis was performed.
Main Outcome Measure(s): Live birth delivery rate.
Result(s): The cumulative live birth delivery rate was 38.60% in the eSETþeSFET group versus 42.19% in the DET group. The mean
costs per patient were V5,614.11 in the eSETþeSFET group and V5,562.29 in the DET group. These differences were not statistically
significant. The rate of multiple gestation was significantly lower in the eSET group than in the DET group (0 vs. 25.9%).
Conclusion(s): This study does not show that eSET is superior to DET in terms of effectiveness or of costs. The lack of superiority of the
results for the eSETþeSFET and the DET groups corroborates that the choice of strategy to be adopted should be determined by the
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context of the health care system and the individual prognosis. (Fertil Steril� 2015;-:
-–-. �2015 by American Society for Reproductive Medicine.)
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I nfertility is a disease of the repro-
ductive system defined by the
failure to achieve a pregnancy after

R12 months of regular unprotected
sexual intercourse. Medical treatments
for infertility include assisted reproduc-
tive technologies (ART), which are
treatments or procedures that include
the in vitro handling of both human
1
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oocytes and sperm, or of embryos, for the purpose of estab-
lishing a pregnancy (1). The rates of pregnancy and live birth
following in vitro fertilization (IVF) have risen steadily over
the past two decades (2), and since the first birth thus achieved
in 1978 IVF has become amainstay of infertility treatment the
world over. To date, approximately one million babies have
been conceived by means of the IVF procedure, and more
than 50% of IVF patients aged <35 years now achieve preg-
nancy. With the consolidation of the results obtained by this
technique, innovation in the field of assisted reproduction
now focuses on quality issues, and special emphasis is placed
on reducing the iatrogenic effects of the treatment. There is a
general consensus that the main iatrogenic effect, and the one
generating the highest costs, both short- and long-term, is
that of multiple birth. Large-scale studies have highlighted
the less favorable development of children born through
assisted reproductive (AR) techniques compared with those
who are naturally conceived, and in most cases the difference
is attributable to the higher percentage of multiple pregnan-
cies with IVF (3). It is accepted that restricting the number
of embryos transferred is the most effective means of
reducing the rate of multiple births.

Limiting to two the number of embryos per transfer has
significantly reduced the incidence of high-order pregnancies
(three or more fetuses) without reducing treatment effective-
ness, i.e., pregnancy and birth rates after IVF remain
unchanged (4–6). Strategies aimed at reducing twin births,
such as elective single-embryo transfer (eSET), are becoming
increasingly popular (7), although their consolidation remains
an issue of some controversy (8–10). Even though eSET does
indeed reduce the rate of twin births, it is less clear whether it
maintains effectiveness, because more cycles are required to
obtain similar results.

Cost-effectiveness studies, in which a fresh eSET cycle is
compared with a fresh double-embryo transfer (DET) cycle,
have shown eSET to be less effective but also less costly,
primarily owing to lower neonatal costs because of the lower
rate of twin births (2, 11–13). This lower cost would offset the
need to carry out more cycles to increase pregnancy rates.
Similarly, studies comparing the performance of two fresh
cycles of eSET (14) or one cycle of fresh eSET plus one
frozen SET (eSFET) (2, 15) versus DET have obtained mixed
results, largely owing to methodologic differences in
calculating costs.

The aim of the present paper was to analyze the
efficiency, in terms of cost-effectiveness, of IVF-ICSI cycles
in which eSET is performed, followed, if this does not result
in a pregnancy, by the transfer of cryopreserved embryos
(eSETþeSFET), versus DET.
MATERIALS AND METHODS
We conducted a cost-effectiveness analysis of the results of a
prospective clinical trial (FIS 09/01968; ClinTrial.gov no.
NCT01909570). The study subjects were patients at Virgen
de las Nieves University Hospital (Granada, Spain) undergo-
ing a first or second cycle of IVF/ICSI, during the period of
January 2010 to December 2012. The details of the trial can
be found in L�opez-Regalado et al. (16). In brief, patients
2

fulfilling the following inclusion criteria were considered
eligible to participate in the trial: 1) women aged
<38 years; 2) body mass index 19–29 kg/m2; 3) FSH <15
mUI/mL on the 3rd day of the cycle; 4) first cycle of IVF/
ICSI or second cycle after an earlier attempt with a positive
pregnancy test result. Patients were excluded from the study
if they had been infertile for>5 years or had previous uterine
surgery (fibroids, endometriosis, hydrosalpinx), uterine mal-
formations, or repeated spontaneous abortions (two or
more). Information on the AR treatment was compiled in a
database specifically designed for this study. After the esti-
mated delivery date, the patients were telephoned to obtain
information about the birth and any complications occurring
during pregnancy, childbirth, and the postnatal period.

The study was approved by the Clinical Research Ethics
Committee of the Virgen de las Nieves University Hospital
(Granada, Spain), on April 20, 2009, and met the eligibility
requirements of the protocol in relation to the study goals
and current legislation on data protection. Written informed
consents were obtained from all of the couples.

Measure of Effectiveness

Live birth delivery rate (LBDR).

Cost Analysis

The cost analysis was performed from the perspective of the
health care system, including the direct medical costs associ-
ated with AR treatment, pregnancy, childbirth, and neonatal
care. Direct medical costs include the hospital costs of the
AR treatment (test diagnostics, controls, monitoring,
puncture, embryo transfer, AR laboratory, and embryo vitri-
fication, conservation, and devitrification) and the medica-
tion required during the period of ovarian stimulation.
Pregnancy follow-up was evaluated in accordance with the
Integrated Healthcare Process stipulated by the Government
of Andalusia (17).

Vaginal or cesarean deliveries, regardless of the number
of children born in each case, were assessed by means of
the corresponding diagnostic related group (DRG): no. 373,
‘‘uncomplicated vaginal delivery’’; and no. 371, ‘‘uncompli-
cated cesarean section.’’ Resource consumption by the
neonate was assessed according to the following DRGs,
taking into account the weight at birth: no. 604, ‘‘neonate,
birth weight 750–999 g, live birth’’; no. 607, ‘‘neonate, birth
weight 1.0–1.5 kg, without significant intervention, live
birth’’; no. 614, ‘‘neonate, birth weight 1.5–2.0 kg, without
significant intervention, presenting other problems’’; and
no. 621, ‘‘neonate, birth weight 2.0–2.5 kg, without signifi-
cant intervention, presenting other problems.’’ If the infant
had a weight at birth >2.5 kg, there was assumed to be no
additional associated cost. Additionally, note was taken of
the presence of complications at any time during treatment
follow-up, the most important of which were ovarian hyper-
stimulation syndrome, emergencies arising from the danger
of miscarriage, and the risk of preterm birth.

The cost information for the economic evaluation of the
resources consumed was obtained from the Integrated Logis-
tics Management System of the Andalusian Health Service,
VOL. - NO. - / - 2015
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the Analytical Accounting System of the Andalusian Health
Service, and the purchase prices of the medication acquired
by the hospital.
Cost-effectiveness Analysis

The cost-effectiveness analysis performed in this study
compared the LBDR after IVF and the unit cost per patient
for the eSETþeSFET option versus the DET option. The
analysis result is summarized as the incremental
cost-effectiveness ratio, which is obtained by applying the
following formula: (mean DET cost � mean SET cost)/(%
live births DET � % live births SET) (18). The results of the
clinical study, known as the baseline case, were subjected to
a sensitivity analysis in accordance with the guidelines issued
for economic evaluations of healthcare interventions (19, 20).
Probabilistic sensitivity analysis was performed by the
repeated sampling (bootstrap) method and by plotting a
cost-effectiveness acceptability curve.

Repeated sampling consists in constructing an empir-
ical estimate of a sample distribution by resampling
without replacement from the original data. In the case
described, 1,000 resamplings were performed. The result
obtained from each resampling is summarized as an incre-
mental cost-effectiveness ratio. From these results, the
cost-effectiveness plane and the acceptability curve are
obtained. The former is a representation in a plane of the
incremental cost and effectiveness of each simulation.
The cost-effectiveness acceptability curve is derived from
a calculation of the percentage of simulations in which
the alternative considered has an incremental
cost-effectiveness ratio that is below the threshold for
different values of this ratio, and it summarizes the
evidence of a cost-effective (acceptable) intervention for
different potential values of the decision rule (21, 22).

Because the time in the study was less than 1 year,
discounting was not used.

RESULTS
A total of 194 patients were initially included in the study.
Finally, 175 were randomized into each group, and 27
patients dropped out of each. Thus, 121 patients were finally
analyzed, with 57 in the eSETþeSFET group and 64 in the DET
group.

The pregnancy rate achieved per cycle was 49.12% (28/
57) in the eSETþeSFET group and 46.88% (30/64) in the
DET group. Of the 28 pregnancies in the eSETþeSFET group,
19 were obtained from the fresh SET cycle and nine from the
eSFET cycle. Nine miscarriages took place, six in the
eSETþeSFET group (6/28, 21.43%), of which five were after
eSET and one after eSFET, and three in the DET group (3/
30, 10%). The LBDRs were 38.60% (22/57) and 42.19% (27/
64) in the eSETþeSFET and DET groups, respectively. These
differences were not of statistical significance. The rate of
multiple births was 25.93% (7/27) in the DET group, and there
were no twin births in the eSETþeSFET group. Of the 39 thaws
in the eSETþeSFET group, 37 embryo transfers were
performed. The mean waiting time from the eSET to eSFET
was 98 days.
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Table 1 lists the unit costs used in the cost-effectiveness
analysis, distinguishing the costs strictly attributable to AR
from those related to the pregnancy, miscarriage (if any), and
delivery, neonatal costs (according to birth weight), and costs
arising from complications occurring at any stage of treatment.
The average cost per patient was V5,832.34 (95% confidence
interval [CI] V3,227.24–V9,934.60) in the eSETþeSFET group
and V5,562.29 (95% CI V2,877.45–V14,766.11) in the DET
group. This difference was not statistically significant.

Figure 1 shows a cost-effectiveness plane of the clinical
study results (deterministic result) and 1,000 bootstrap repli-
cations, comparing eSETþeSFET and DET. The deterministic
result is located in quadrant 2, near the horizontal axis.
Regarding the probabilistic results, 32.20% of the replications
are located in quadrant 3, which suggests that the
eSETþeSFET strategy is less effective, but also less costly,
than DET; 41% of the replications are located in quadrant 2,
which indicates a higher cost and lower effectiveness for
eSETþeSFET compared with DET. Finally, 21.10% and
5.70% of cases are located in quadrant 1 (greater effectiveness
and higher cost of eSETþeSFET vs. DET) and quadrant 4
(greater effectiveness and lower cost of eSETþeSFET vs.
DET), respectively.

Figure 2 shows the incremental cost-effectiveness accept-
ability curve. It can be seen that the chance of an eSETþeSFET
being cost-effective is <50% for all of the threshold values,
reaching the minimum value at �V5,000, with a 20% proba-
bility of achieving cost-effectiveness.

Figure 3 presents the results of this study compared with
those reported in similar earlier research, in terms of effective-
ness, costs, and cost-effectiveness.
DISCUSSION
This study, comparing a strategy of eSETþeSFET versus one
of DET, confirms the absence of clinically significant differ-
ences between the two treatment groups. Finally, the outcome
is not presented in terms of an incremental cost-effectiveness
ratio, because the study results do not indicate either alterna-
tive to be more effective at a higher cost than the other, so it
makes no sense to calculate this ratio. The probabilistic
sensitivity analysis performed with the use of bootstrapping
shows that the results are homogeneous in most of the rep-
licas. The cost-effectiveness acceptability curve summarizes
the results of the cost-effectiveness plane and shows that
for any threshold value the probability of eSET being
cost-effective does not reach 50% and is always below the
probability of DET being cost-effective.

A significant finding of this clinical study is the very low
incidence of extremely-low-birth-weight infants. The birth
weight is one of the main determinants of the costs associated
with AR, and in the present study only one infant weighed
<1.5 kg at birth. This birth was in the eSETþeSFET group
and had a strong impact on the costs calculated for this group,
which were transferred to the sensitivity analysis by boot-
strapping. Many studies have noted the higher incidence of
delivery complications following pregnancies achieved by
IVF, compared with those achieved by natural conception,
with evidence of increased risks in the IVF pregnancies, for
3



TABLE 1

Unit and average costs (2012 V) and according to embryo transfer protocol.

Procedure Unit cost

eSET (n [ 57) DET (n [ 64)

Units Costs Units Costs

Average procedure cost 5,832.34 5,562.29
Assisted reproduction costs 3,471.36 3,175.75

Diagnostic tests 347.50 57 64
Monitoring of controlled ovarian stimulation 146.32 114 128
Drugs for controlled ovarian stimulation 962.49 57 64
Egg retrieval 146.32 57 64
Laboratory costs of IVF/ICSI 1,243.15 57 64
Embryo transfer 146.32 95 64
Laboratory costs of cryobiology 124 57 0
Drugs for cryotransfer cycle 230 57 0

Pregnancy 464.23 618.77
Single 1,202.78 22 20
Twins 2,220.76 0 7

Miscarriage 2,158.84 5 189.37 3 101.20
Delivery 1,038.00 981.33

Vaginal 732.00 11 16
Cesarean 1,344.00 11 11

Neonatal costs (according to neonatal weight), g 1,279.69 1,161
<1,000 132,467.10 0 0
1,000–1,500 58,523.27 1 0
1,500–2,000 10,355.62 0 3
2,000–2,500 4,806.43 3 9
>2,500 0.00 18 22

Complications 27.06 91.26
Ovarian hyperstimulation syndrome 1,755.16 0 2
Threatened miscarriage 1,542.34 1 0
Threatened preterm labor 679.42 0 3
Note: DET ¼ double-embryo transfer; eSET ¼ elective single-embryo transfer.

Hernandez Torres. Economics of single-embryo transfer in IVF. Fertil Steril 2015.
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both twin and singleton births. The characteristics of the
couple regarding fertility or the fertility treatment received
also seem to influence pregnancy and birth (23–29).

The present study's findings of clinical similarity and a
lower incidence of multiple births are in accordance with
FIGURE 1

C 2

41,00%

32,20%

C 3
-5,000

-4,000

-3,000

-2,000

-1,000

0

1,000

2,000

3,000

4,000

5,000

-30.00% -20.00% -10.00% 0.00Δ
Co

st

Δ Effect

Bootstrap

Cost-effectiveness plane.
Hernandez Torres. Economics of single-embryo transfer in IVF. Fertil Steril 2015.

4

two recent meta-analyses (30, 31) and Kjellberg et al. (15),
with LBDRs of �38% and �42% for eSET and DET,
respectively. Lukasssen et al. (14) also reported similar
overall values, although eSET was found to be more
effective than DET. Dixon et al. (2), on the other hand,
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reported lower levels of effectiveness in both treatment
groups, for all age groups. This difference could have arisen
because the latter study did not select patients with a good
prognosis.

Cost comparison among different studies is a complex
issue owing to differences of context (countries), monetary
units, and time scales, but we can compare the differences
and similarities observed between the two treatment groups
in the different analyses made. In all cases, except in our
own study, eSET is found to present a lower cost than DET,
although this difference is slight except in the case of Kjell-
berg et al. (15), where DET was found to be >V3,000 more
costly than eSET (Fig. 3). That study, unlike the others,
includes the productivity costs associated with maternity
leave taken after childbirth.

Regarding the cost-effectiveness results, earlier studies
agree that this criterion does not determine the strategy of
choice, with small differences found in this respect (2, 14).
However, Kjellberg et al. (15) does refer to eSET as a
preferable strategy to DET, owing to the above-mentioned
differences in costs between the two strategies due to losses
in productivity. A review by Fiddelers et al. (32) of economic
evaluations of SET versus DET concluded that, in terms of
cost-effectiveness, SET combined with frozen-thawed cycles
is preferred in good-prognosis patients. However, that review
included different eSET strategies, whereas in our study the
protocol analyzed is exclusively eSETþeSFET. The neutrality
of the arguments based on the cost-effectiveness of eSET
versus DET, derived from the relatively insignificant differ-
ences found, shifts the debate toward other issues. Proponents
of eSET argue that SET avoids the very high long-term costs
resulting from the increased morbidity of twins after birth,
while not experiencing any significant reduction in preg-
nancy rates (15, 33). Meanwhile, opponents of this
approach argue that the lower pregnancy rates achieved
make it necessary to increase the number of cycles
performed (8).
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The applicability of the above studies to standard IVF
practice has been questioned on the basis of the lack of repre-
sentativeness of the clinical protocols evaluated (34). So far,
research on long-term outcomes of twins and singletons after
IVF is considered to be scant and inconclusive, with little
analysis performed according to specific age groups, with
the use of the LBDR as an outcome measure, and with a
limited time horizon for the analysis of complications and
of costs (35). Nevertheless, these protocols can be considered
as part of the overall treatment plan for IVF patients, and they
do provide useful information for a possible redesign of treat-
ment programs.

Moreover, the difficulty of conducting clinical
studies capable of responding satisfactorily to the
above-mentioned design issues has spurred the application
of analytic decision making models (2, 36–38) to allow the
comparison of results with a broad time horizon and
numerous treatment alternatives. Another factor to take
into account regarding the applicability of the results is
their robustness, such that even if some conditions change,
the result should be the same. Nonparametric bootstrapping
is commonly used to characterize this uncertainty when
patient-level data (on costs and effects) are available, adding
confidence in estimates of cost-effectiveness (34, 39).

The embryo transfer strategy varies greatly among
different countries and is influenced by various factors,
such as the type of health system, whether IVF coverage is
mandated, patient populations, legislation, guideline recom-
mendations and culture (10, 40). For example, in the Nordic
countries SET is performed in 56% of fresh embryo
treatment cycles compared with 13% in the USA (41). To
date, the most representative experiences of SET promotion
programs at the international level are those of Sweden (42)
and Belgium (43–45), which have yielded very positive
results.

In Sweden, the live birth rate has been maintained despite
successive reductions in the number of embryos replaced,
5
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which have resulted in a dramatic decrease in the multiple
birth rate (42). According to the latest data available, Sweden
has the largest rate of implementation of SET in Europe, at
73.3% of all transfers, and a low overall multiple delivery
rate of 5.8% together with a cumulative LBDR in a range of
22.8%–31.9% (46). In Belgium, current legislation combines
the reimbursement of six ART cycles with a legally enforced
reduction in the number of embryos transferred. This policy
has enabled pregnancy rates to be maintained while limiting
6

the number of ART cycles to six and the duration of ART
treatment to 36 months, and at the same time it has produced
a 50% reduction in the multiple pregnancy rate, from 24% to
12%, as well as a reduction in the associated costs (43–45). In
Andalusia, Spain, the number of cycles is being increased
from two to three, provided that an eSET has been
performed during the first cycles (47).

In the USA, and in accordance with American Society for
Reproductive Medicine recommendations, eSET rates among
VOL. - NO. - / - 2015
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patients<35 years old have increased by�1%–2% each year
since 2002, accounting for �10% of all transfers to patients
aged <35 years in 2009. These trends have resulted in an
increased number of DETs, leading to a reduction in the num-
ber of triplet gestations but an unchanged rate of twin gesta-
tions (10).

Another important issue to consider when assessing
eSET is the perception of the couples involved regarding
twin pregnancy. According to a survey conducted in
Denmark of 588 couples, 58.7% preferred twins, compared
to 37.9% who preferred a singleton pregnancy. The reason
given for this was that most respondents wished to deter-
mine in a single cycle the definitive number of children to
be born, thus minimizing the stress of AR techniques (48).
Another very important factor to consider is that patients'
preferences for one or two embryos do not remain stable
during treatment. According to Fiddelers et al. (49), patients
who receive eSET and become pregnant continue to prefer
eSET, whereas those who do not become pregnant prefer
DET in the next cycle. It is important to note that, in addition
to clinical reasons, social and economic factors are relevant
to this phenomenon (50); moreover, the national regulatory
and economic scenario is important, because in countries
where legislation limits the number of embryos transferred,
both patients and clinicians are more receptive to eSET
(50, 51). Nevertheless, these preferences can be influenced
by informing and educating patients about the risks of
multiple births (52, 53).

As part of the discussion of these results, some limita-
tions of this study should be acknowledged. Although the
data were collected prospectively for each patient, once the
patients left the area of attention of the AR unit, the data
were collected according to the information provided by
the patients themselves, because pregnancy monitoring
and childbirth were performed at various health centers un-
related to University Hospital the Virgen de las Nieves. How-
ever, this circumstance applied to all patients, and so any
potential bias would have affected the two study groups in
the same way. Another factor to be taken into account is
the lack of power due to restricted sample size, as determined
by the time horizon established for this study, which limits
the validity of any extrapolation of these results, especially
regarding the incidences of very-low-birth-weight infants
and miscarriages.

In summary, this study does not show that eSET is supe-
rior to DET in terms of cost or effectiveness. The choice
ultimately made should be determined by the context in ques-
tion, which is defined by the health system (the coverage for
AR treatment) and the prognosis of the women seeking treat-
ment and the preferences of the patients.
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