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Objective: To evaluate the association between the number of oocytes retrieved and cumulative live birth rates.
Design: Retrospective multicenter analysis using individual patient data.
Setting: Tertiary referral hospitals.
Patient(s): In total, 14,469 patientswere analyzed. The study included thefirst cycle of patients stimulated for IVF/intracytoplasmic sperm
injection (ICSI) from 2009 to 2014. All patients included in the analysis had either delivered a baby or had used all their embryos after their
first stimulated cycle. All patients had vitrification as cryopreservation method. All women were followed up for at least 2 years.
Intervention(s): Ovarian stimulation with GnRH antagonist protocol for IVF/ICSI.
Main Outcome Measure(s): The primary outcome was the cumulative live birth rate defined as the delivery of at least one live-born
infant (>24 weeks of gestation) in the fresh or in the subsequent frozen-thawed cycles in relation to the number of oocytes retrieved.
Only the first delivery was considered in the analysis. The secondary outcome was live birth after the fresh IVF/ICSI cycle only.
Result(s): Cumulative live birth rates steadily increased with the number of oocytes, reaching 70% whenR25 oocytes were retrieved.
Interestingly, no plateau in cumulative live birth rates was observed, but a moderate increase of 5.1% on average was detected beyond
27 oocytes. Regarding the fresh cycle outcome, live birth probability increased up to seven oocytes retrieved and remained relatively
unchanged (increase or decrease of %5%) between seven and 20 oocytes retrieved. However, a drop in fresh live birth rates was iden-
tified thereafter, which could be attributed to the progressive increase in ‘‘freeze-all’’ cycle rate with the number of oocytes retrieved,
exceeding 20% in patients with >20 oocytes retrieved.
Conclusion(s): This is the largest multicenter study evaluating for the first time the impact of ovarian response on cumulative live birth
rate. The significant progressive increase of cumulative live birth rate with the number of oocytes in our study suggests that ovarian
stimulation may not have a detrimental effect on oocyte/embryo quality in good-prognosis women less than 40 year old.
Nevertheless, although very high ovarian response may further increase cumulative live birth rates, ovarian stimulation should be
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rational and avoid extreme response in terms of oocytes retrieved to preserve patients' convenience and safety and avoid ovarian
hyperstimulation syndrome or other iatrogenic complications. (Fertil Steril� 2018;110:661–70. �2018 by American Society for
Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.
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A sisted reproductive technologies have substantially
advanced since the birth of the first IVF baby (1),
and innovations within the IVF lab have been of

paramount importance for the overall assisted reproductive
technologies success rates. Nevertheless, one of the mile-
stones in the history of IVF is undeniably the introduction
of ovarian stimulation (2), which resulted in a significant in-
crease in pregnancy rates as compared with the very low 6%
rates after the first unstimulated IVF cycles (3).

Although conventional ovarian stimulation is a key
component of IVF treatment, allowing for multifollicular
development, collection of multiple oocytes, and develop-
ment of more than one embryo, no consensus has been
reached regarding the optimal number of oocytes that clini-
cians should aim to retrieve in a stimulated IVF cycle.

Large registry analyses unanimously supported that live
birth rates (LBRs) plateau when 10–15 oocytes are harvested
and that further increase in the number of oocytes may
only contribute to an increase in the risk of ovarian hyper-
stimulation syndrome (OHSS) (4, 5). However, both studies
included IVF cycles and not patients (allowing for patients
to be included more than once in the analysis) and analyzed
only the results of the fresh IVF cycle, not accounting for
the potential benefit of the transfer of supernumerary
frozen embryos in a subsequent cycle and thus the
cumulative LBR after the transfer of all fresh and frozen-
thawed embryos after one ovarian stimulation protocol. Tak-
ing into account the increasing use of embryo freezing in the
era of ‘‘OHSS-free’’ clinics and the significant progress in the
cryopreservation techniques including vitrification (6–8),
cumulative LBR appear to be considered a more complete
measure of success of an IVF treatment (9); in this context,
the delineation of the optimal number of oocytes retrieved
needs to be determined in terms of cumulative LBR.

Up till now, the association between cumulative LBR and
the number of oocytes retrieved has been evaluated in several
studies to provide the most meaningful number of oocytes
needed. A large registry analysis of the Human Fertilisation
and Embryology Authority (HFEA) data has shown that cu-
mulative LBRs follow the same pattern as fresh LBRs, reach-
ing a plateau after 15 oocytes (10). Nevertheless, these
results, referring to historical data before the introduction of
embryo vitrification, were completely discordant with all
single-center studies, which demonstrated that, despite the
plateau reached for fresh LBRs between 10 and 15 oocytes,
cumulative LBRs continue to increase with the number of oo-
cytes retrieved (11–13).

Owing to this discrepancy in the literature, we set out to
analyze available data from a very large number of patients
across 15 different IVF centers in Europe to provide strong
clinical evidence regarding the optimal number of oocytes af-
ter ovarian stimulation for IVF/intracytoplasmic sperm injec-
tion (ICSI).

MATERIALS AND METHODS
This is a retrospective multicenter cohort study using individ-
ual patient data, conducted in 15 tertiary referral hospitals in
Europe.

The study included all consecutive women attending the
Centre for Reproductive Medicine of the University Hospital
of Brussels in Belgium and the 14 centers from the IVI group
in Spain from January 2009 to December 2014. The study was
approved by the institutional review boards.

Patients' Eligibility Criteria

All consecutive women between 18 and 45 years old undergo-
ing their first ovarian stimulation cycle, in a GnRH antagonist
protocol, were considered eligible patients. Each patient was
included only once in the analysis.

Patients were excluded from the study if they had
planned to undergo ovarian stimulation for preimplantation
genetic diagnosis or screening, oocyte donation, and social
or medical freezing of oocytes. In addition, we excluded
women who planned to undergo natural cycle IVF/ICSI, given
that in such cases no ovarian stimulation was used, as well as
women with cycle cancellation or zero oocytes retrieved.
Finally, all patients included in the study had a known fresh
cycle outcome (live birth or not), and in case they did not
deliver a live-born baby in the fresh cycle, they were followed
for at least 2 years (irrespective of the date of study entry), to
assess the frozen-thawed cycles outcome (including exclu-
sively those having used all the supplementary frozen em-
bryos during this time interval).

Treatment Protocol

IVF and fresh ET. Patients received daily injections of gonad-
otropins starting on day 2/3 of their menstrual cycle or 5 days
after discontinuation of oral contraceptive pill. From day 6 of
stimulation, gonadotropin doses could be adjusted according
to serum E2 levels and ovarian response, which was assessed
by vaginal ultrasound, every 2 days. The GnRH antagonist
was introduced on day 6 of stimulation or when the leading
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