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A higher number of oocytes retrieved
Is associated with an increase in
fertilized oocytes, blastocysts, and
cumulative live birth rates

Michael Fanton, Ph.D.,? Justina Hyunjii Cho, M.S., M.A.,® Valerie L. Baker, M.D.,P and Kevin Loewke, Ph.D.?

@ Alife Health, Inc., Cambridge, Massachusetts and ® Johns Hopkins University School of Medicine, Baltimore, Maryland

Objective: To investigate the association between the number of oocytes retrieved and the numbers of fertilized oocytes and blastocysts
and cumulative and primary transfer live birth rates (LBRs).

Design: Retrospective study.

Setting: Retrieval cycles and linked embryo transfers from the Society for Assisted Reproductive Technology Clinic Outcome Reporting
System.

Patient(s): Patients in the United States undergoing autologous in vitro fertilization cycles from 2014 to 2019 (n = 402,411 cycles).
Intervention(s): None.

Main Outcome Measure(s): Normally fertilized oocytes, blastocysts, and cumulative and primary transfer LBRs.

Result(s): There was a strong positive linear correlation between oocytes and fertilized oocytes and between oocytes and blastocysts.
The cumulative LBR increased rapidly with the number of oocytes retrieved to approximately 16-20 oocytes, at which point it continued
to increase but with diminishing returns. The increasing trend of the cumulative LBR was observed when stratifying patients by age and
antimillerian hormone and after controlling for confounding variables using multivariate logistic regression. The primary transfer LBR
also increased with the number of oocytes to approximately 16-20 oocytes, at which point it plateaued but did not decline.
Conclusion(s): A higher number of oocytes retrieved improves the cumulative LBR without impairing the primary transfer LBR.
This suggests that ovarian stimulation strategies should aim to safely maximize the number of oocytes retrieved. (Fertil Steril®
2023;119:762-9. ©2023 by American Society for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.
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live birth by increasing the number of  retrieving a large number of eggs may

uring in vitro fertilization
D (IVEF), the ovaries are stimu-

lated with gonadotropins to
promote the development of multiple
follicles, with the objective of retrieving
multiple high-quality oocytes.
Retrieving several oocytes theoretically
improves the chances of achieving a

embryos available for transfer. Howev-
er, stimulating a patient to develop a
large number of follicles increases their
risk of ovarian hyperstimulation syn-
drome (OHSS). Although the adverse
effects of OHSS to the patient are well
established, it is less clear what impact
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have on oocyte quality (1-3).

One of the long-standing questions
of IVF over the years has been the
following: “are more eggs better?”
Numerous studies have investigated
the relationship between the number of
oocytes retrieved during ovarian stimu-
lation and live birth outcomes. These
studies have generally focused on either
the fresh embryo transfer live birth rate
(LBR) or cumulative LBR, which ac-
counts for live birth outcomes from
fresh transfers and all subsequent frozen
embryo transfers (FETs). When consid-
ering the fresh embryo transfer LBR, it
has been suggested that optimal out-
comes are achieved when retrieving be-
tween 6 and 15 oocytes, with <6
oocytes retrieved resulting in a lower
fresh LBR and >15 oocytes retrieved
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resulting in either a plateau (1, 4-6) or moderate decline (7, 8) in
the fresh LBR. When considering the cumulative LBR, studies
have generally reported a positive trend where more oocytes
result in a higher cumulative LBR, with no apparent
detriment to retrieving a high number of oocytes (9-13).

Although some studies suggest that “more eggs are bet-
ter” when considering live birth potential from all retrieved
oocytes, this has not been definitively established using a
large data set representing a diverse population. Moreover,
the IVF techniques have significantly changed over the past
decade with embryo culture to the blastocyst stage, more reli-
able cryopreservation, freeze-all cycles, and preimplantation
genetic testing (PGT) (14). There is a need to continue to estab-
lish the relationship between oocytes retrieved and live birth
outcomes, ideally on a large data set that reflects the current
practices of IVF. Therefore, we set out to investigate this topic
using the latest data (from 2014 to 2019) from the Society for
Assisted Reproductive Technology Clinic Outcome Reporting
System (SART CORS) database. To reflect the shift toward
more freeze-all cycles, the SART CORS now defines “primary”
embryo transfers as the first transfer that occurs after retrieval
(whether fresh or frozen-thawed) and “secondary” embryo
transfers as any subsequent frozen-thawed embryo transfers.
Accordingly, the most relevant LBR metrics to patients
currently are the primary transfer LBR, to capture the chances
of success on the first transfer, and cumulative LBR, to capture
the chances of success should they continue treatment after
the primary transfer.

The primary goal of this study was to determine whether a
high number of oocytes retrieved during ovarian stimulation
increase the chances of live birth. To this end, we investigated
the association between the number of oocytes and fertilized
oocytes (2PNs), blastocysts, primary transfer LBR, and cumu-
lative LBR using a large national data set of retrieval cycles
and linked FETs from the SART CORS. Furthermore, we strat-
ified the primary transfer LBR by fresh transfers, PGT frozen
transfers, and non-PGT frozen transfers.

MATERIALS AND METHODS
Ethics Approval

This study was conducted after the research protocol
approved by WCG IRB (study no. 1308073) and the SART
Research Committee.

Study Population

This was a retrospective study using autologous IVF retrieval
cycles (IVF, oocyte banking, and embryo banking cycles) and
linked FETs from IVF clinics in the United States between
2014 and 2019. The data used for this study were obtained
from the SART CORS. Data were collected through voluntary
submission, verified by the SART, and reported to the Centers
for Disease Control and Prevention (CDC) in compliance with
the Fertility Clinic Success Rate and Certification Act of 1992
(Public Law 102-493). The SART maintains Health Insurance
Portability and Accountability Act-compliant business asso-
ciate agreements with reporting clinics. In 2004, after a con-
tract change with the CDC, the SART gained access to the
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SART CORS data system for the purposes of conducting
research. In 2017, 82% of all assisted reproductive technology
clinics in the United States were SART members (15).

The data in the SART CORS are validated annually with
7%-10% of clinics receiving on-site visits for chart review
on the basis of an algorithm for clinic selection. During
each visit, data reported by the clinic were compared with in-
formation recorded in patients’ charts. In 2019, records for
2,014 cycles at 34 clinics were randomly selected for full vali-
dation, along with 213 fertility preservation cycles selected
for partial validation. The full validation included review of
1,300 cycles for which a pregnancy was reported. Nine of
11 data fields selected for validation were found to have
discrepancy rates of <5% (15). The exceptions were the diag-
nosis field, which, depending on the diagnosis, had a discrep-
ancy rate between 2.5% and 17.8%, and the start date, which
had a discrepancy rate of 8.4%. Obstetric outcomes from Mas-
sachusetts assisted reproductive technology records during
2004-2008 have been validated to have >95% agreement
with vital records (16).

Data Preparation

A total of 1,283,131 retrieval cycles and FETs were retrieved
from the SART CORS database. Retrieval cycles were excluded
from analysis if they were missing baseline anti-millerian
hormone (AMH) or body mass index (BMI). Cancelled cycles
where egg retrieval was not attempted were also excluded.
Furthermore, cycles where the number of 2PNs exceeded
the number of oocytes retrieved were excluded. In total,
402,411 retrieval cycles were included in the study, from
296,409 patients. For retrieval cycles with blastocyst-stage
embryo transfers (n = 173,066), the number of total blasto-
cysts was calculated as the sum of the number of transferred
and frozen embryos.

LBR Calculations

The cumulative LBR was calculated on a per-retrieval basis and
was defined as at least 1 live birth from all linked embryo trans-
fers (i.e., accounting only for the first live birth associated with
a retrieval). All linked embryo transfers were included in the
cumulative LBR calculation regardless of how long the transfer
occurred after retrieval, and both cleavage-stage and
blastocyst-stage embryo transfers were included. This estimate
of the cumulative LBR is conservative because it does not ac-
count for any unused frozen embryos. Oocyte and embryo
banking retrievals without a fresh transfer or any linked FETs
were excluded from this analysis (6.7% of all retrievals). The
primary transfer LBR was calculated on a per-retrieval basis
and was defined as a live birth from the first embryo transfer
associated with the retrieval. Most primary transfers were
transfers of a single embryo; however, transfers of >1 embryo
were also included. We also reported the primary transfer LBR
on a per-transfer basis, stratified into fresh primary transfers (n
= 156,581), frozen primary transfers with PGT (n = 79,329),
and frozen primary transfers without PGT (n = 42,959). The
stratified primary transfer LBR values were reported on a
per-transfer basis because it was often unclear whether the
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Correlations between Oocytes and 2PNs/Blastocysts
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Linear correlations between oocytes retrieved (x-axis) and fertilized
oocytes (2PNs, normally fertilized oocytes) and blastocysts (y-axis).
There was a strong positive linear correlation between oocytes and
2PNs (r = 0.86, P<.01) and between oocytes and blastocysts (r =
0.85, P<.01).
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intended primary transfer would have been fresh or frozen for
patients without any available embryos.

Statistical Analyses

The relationships between the number of oocytes retrieved
and the number of 2PNs and blastocysts were assessed using
the Pearson correlation and by computing the least-squares
best fit. The cumulative and primary transfer LBRs were
calculated per the number of oocytes in the associated
retrieval. Cumulative LBR calculations were further stratified
by the standardized SART patient age groups (<35, 35-37,
38-40, 41-42, and >42 years), AMH quartiles (<1.0, 1.0-
2.0, 2.0-3.9, and >3.9), BMI groups (<18.5, 18.5-25, 25-
30, and >30 kg/m?), and infertility diagnoses (Supplemental
Table 1, available online). On each graph, data points calcu-
lated with fewer than 100 cycles were removed to reduce noise
and improve visualization. To assess the relationship between
the number of oocytes retrieved and LBR metrics, the multi-
variate mixed-effects logistic regression models were trained
using the categorical values of oocytes retrieved, patient age,
BMI, AMH, and infertility diagnoses (Supplemental Table 1)
as the predictor variables and the cumulative and primary
transfer LBRs as the response variables. Mixed-effects
modeling was used to account for patients with repeated cy-
cles. To match the SART CORS live birth prediction model
(17), age was categorized as 18-29, 30-34, 35-37, 38-39,
40-44, and 45-59 years, and BMI was categorized as
<18.4, 18.5-24.9, 25.0-29.9, 30.0-34.9, 35.0-39.9, 40.0-
44.9, 45.0-49.9, and >50.0 kg/m® The odds ratios with
9506 Wald confidence intervals were computed from the fitted
coefficients to estimate the effect of oocytes retrieved on the
cumulative and primary transfer LBRs while controlling for
patient age, BMI, AMH, and infertility diagnoses.

RESULTS

Supplemental Table 1 summarizes the patient demographics
and cycle information for cycles included in the study.
Supplemental Table 2 summarizes the IVF cycle types, strati-
fied by year of treatment start. Among all primary transfers
(i.e., first transfer after retrieval), the percentage of frozen em-
bryo primary transfers increased from 21% in 2014 to 58% in
2019. Among all retrievals, the percentage of retrievals in
which PGT was performed on at least 1 embryo increased
from 169% in 2014 to 50% in 2019. There were 1,975 retrieval
cycles with reported moderate OHSS and 416 retrieval cycles
with reported severe OHSS. The percent of cycles with OHSS
decreased from 1.2% in 2014 to 0.34% in 2019. Across all re-
trievals, 6.7% were embryo banking cycles with no attempted
embryo transfer (n = 16,849). Supplemental Table 3 summa-
rizes the number of cycles in each oocyte group used for the
statistical analyses as well as the total number of live births
for each oocyte group.

Laboratory Outcomes

Across all retrieval cycles, including embryo banking cycles,
there was a strong positive linear correlation between oocytes
and 2PNs (r = 0.86, P<.01) and between oocytes and blasto-
cysts (r = 0.85, P<.01) (Fig. 1). On average across all patients,
63.1% of oocytes developed into 2PNs, and 32.4% of oocytes
developed into blastocysts.

Primary Transfer LBR

The primary transfer LBR per retrieval increased with the
number of oocytes retrieved until approximately 16-20 oo-
cytes, at which point it began to plateau (Fig. 2 and
Supplemental Table 4). The primary transfer LBR per transfer
was stratified by fresh transfers, frozen transfers without PGT,
and frozen transfers with PGT (Fig. 2). For fresh transfers, the
primary transfer LBR increased until approximately 15 oo-
cytes, at which point it plateaued. The primary transfer LBR
was lower for fresh transfers than for frozen transfers without
PGT. Frozen primary transfers with PGT had the highest pri-
mary transfer LBR, especially at lower oocyte yields, and only
increased moderately with the number of oocytes retrieved.
For fresh transfers, using 11-15 oocytes retrieved as a refer-
ence group, the odds ratio of live birth showed a statistically
significant decrease (P<.01) at the 2 lowest groups (0-5 and
6-10 oocytes retrieved), remained close to 1 between 16 and
30 oocytes, and had a statistically significant decrease
(-01<P<.05) between 31 and 40 oocytes (Table 1). For frozen
transfers, the odds ratio increased with each successive oocyte
group until 26-30 oocytes retrieved for non-PGT transfers
and until 16-20 oocytes retrieved for PGT transfers (Table 1).

Cumulative LBR

The cumulative LBR per-retrieval cycle increased with the
number of oocytes retrieved (Fig. 2 and Supplemental
Table 4). The cumulative LBR increased rapidly to approxi-
mately 16-20 oocytes, at which point it continued to increase
but with diminishing returns. The increasing trend of the
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A Cumulative and Primary Transfer Live Birth Rate, Per-Retrieval B Primary Transfer Live Birth Rate Stratifed by PGT, Per-Transfer
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Relationships between birth rate and oocytes retrieved. (A) The cumulative live birth rate (CLBR) per-retrieval cycle increased with the number of
oocytes retrieved, and the primary transfer live birth rate (PT-LBR) per retrieval increased until approximately 15 oocytes, at which point it began to
plateau. (B) The PT-LBR per transfer stratified by fresh, frozen transfers with preimplantation genetic testing (PGT), and frozen transfers without

PGT.
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cumulative LBR was still observed for all groups when strat-
ifying patients by age, AMH, BMI, and infertility diagnoses
(Fig. 3). Multivariate logistic regression also showed an in-
crease in the cumulative LBR with oocytes retrieved. Using
11-15 oocytes retrieved as a reference group, the odds ratio
of live birth on the basis of the oocyte group increased with
each successive oocyte group up to 36-40 oocytes (Table 1).
Model coefficients were statistically significant (P<.05) for
all oocyte groups.

DISCUSSION

In this study, we determined whether a high number of oo-
cytes retrieved during ovarian stimulation increase the chan-
ces of live birth. Using recent data between 2014 and 2019
from the SART CORS, we found that the primary transfer
LBR plateaued but did not substantially decrease with higher
oocyte yields, whereas the cumulative LBR increased with the
number of oocytes retrieved. Furthermore, the strong linear
correlations between oocytes and 2PNs/blastocysts indicate
that the mean conversion rates from oocytes to 2PNs and oo-
cytes to blastocysts do not decline at high oocyte yields.
Together, these results suggest that a high number of oocytes
retrieved is associated with an improved cumulative LBR and
is not associated with an inherent reduction in oocyte quality.

Studies have shown that the cumulative LBR increases
with an increasing number of oocytes retrieved (9-13).
Retrieving more oocytes allows for additional opportunities
to continue treatment, which leads to higher cumulative
success rates (18). This study confirms this finding across a
large national data set that reflects the current trends of IVF
in the United States with the increased prevalence of
blastocyst-stage culture, freeze-all cycles, and PGT. It has
been hypothesized that there is a limit to the number of folli-
cles that can be stimulated to produce high-quality oocytes
and retrieving too many eggs may be detrimental to oocyte
quality (7). However, our data do not support this theory,

given the strong linear correlation between oocytes and
2PNs and between oocytes and blastocysts, even at high
oocyte yields. After stratifying patients by age, AMH, BMI,
and infertility diagnoses, we found that the cumulative LBR
increases with the number of oocytes retrieved for all groups
(Fig. 3). However, age was also a key factor for determining
the cumulative LBR. For example, patients aged >40 years
had a cumulative LBR well under 40%, even when retrieving
a large number of oocytes.

To maximize the fresh transfer LBR, studies have argued
that there is an optimal range between 6 and 15 oocytes (1, 4-
8). However, we found that the fresh primary transfer LBR was
highest between 11 and 30 oocytes. Our results also suggest
that retrieving between 6 and 10 oocytes and 31 and 40
oocytes would result in a primary transfer LBR slightly
lower than the optimal range (odds ratios between 0.83 and
0.88). However, given that <1% of cycles in the data set
had more than 30 oocytes retrieved and a fresh transfer
(Supplemental Table 3), the slight decrease in the primary
transfer LBR for the 31-40 oocyte groups may not be
relevant for most patients. The observed increase in the
fresh primary transfer LBR up to 30 oocytes is consistent
with studies using the SART CORS data from 2005 to 2010
(19) and from 2014 to 2015 (20). The success rates for fresh
primary transfers were lower than those for frozen primary
transfers without PGT, which could be an effect of elevated
estradiol levels or could reflect the fact that fresh transfers
may be more common for lower-prognosis patients. Frozen
primary transfers with PGT had the highest success rates,
which were similar to the previously reported birth rates for
euploid embryo transfers (21). The increase in the number
of cycles with PGT between 2014 and 2019 could be due to
the shift toward freeze-all cycles and the relatively high suc-
cess rates of euploid embryo transfers (Supplemental Table 2).

The primary transfer and cumulative LBRs were calcu-
lated on a per-retrieval basis. The primary transfer LBR was
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also reported on a per-transfer basis when stratified into

E % E % fresh, frozen with PGT, and frozen without PGT because
e é u’\‘w © o it was often unclear whether the intended primary transfer
A =S = < would have been fresh or frozen for patients without any
“’8 > EQ %\r‘ available embryos. The analysis of the per-transfer primary
NC = = transfer LBR helps to answer the question of whether oocyte

quality is impaired when higher numbers of oocytes are
retrieved. The analysis of the per-retrieval cumulative
LBR, which included nonbanking cycles without attempted
embryo transfers (e.g., because of insufficient embryos or
no normal PGT results), provides an assessment of the over-
all benefit to live birth outcomes as higher numbers of
oocytes are retrieved.

The findings of this study have important implications
for other studies that focus on laboratory outcomes, such as
eggs retrieved, mature oocytes, 2PNs, or blastocysts, espe-
cially when data on the cumulative LBR are not available.
For example, several studies have used laboratory outcomes
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FIGURE 3
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workload for embryology laboratories, and a potential
increased risk of low birth weight for fresh transfers of >1
embryo (19).

This study has several strengths and makes several key
novel contributions to the literature. First, our data set was
one of the largest and most heterogeneous populations to
have been used to establish that the cumulative LBR increases
with the number of oocytes retrieved, as the SART CORS in-
cludes over 90% of all IVF cycles in the US each year. Second,
this study only included recent years of data to reflect current
IVF practices, increasing the present-day relevance of these
findings. Additionally, this is the first study to use the SART
CORS database since the designations of “primary” and
“secondary” embryo transfers were introduced in 2014 and,
thus, the first to show how the primary transfer LBR is asso-
ciated with the number of oocytes retrieved for both fresh
and frozen embryos, with and without PGT. Lastly, our results
were confirmed after correcting for biases due to age, AMH,
BMI, and infertility diagnoses.

This study has several limitations. First, although clinics
are mandated to report to the CDC, membership in the
SART and reporting to the SART are voluntary. However,
most clinics and cycles in the United States are reported to

the SART. Because the database is retrospective and is a reg-
istry, it is possible that we were unable to control for con-
founders not collected in the SART CORS, which could lead
to a higher expected chance of pregnancy for women with a
high number of oocytes retrieved. We did not stratify the re-
sults by stimulation protocol, although we acknowledge that
different protocols could affect outcomes. In addition, calcu-
lating the cumulative LBR necessitates some assumptions. It is
possible that we have underestimated the cumulative LBR
because future transfers may occur with embryos that are still
frozen. Furthermore, multiple live births resulting from a sin-
gle retrieval cycle are only counted once because the birth rate
cannot go above 100% for our statistical analyses. Lastly, we
note that patients were included more than once if they had
multiple retrieval cycles and each retrieval cycle was handled
independently in the calculation of cumulative live birth.

In conclusion, this study found that a higher number of
oocytes during ovarian stimulation increase the cumulative
LBR without substantially impairing the primary transfer
LBR or impairing the mean conversion rates from oocytes to
2PNs and oocytes to blastocysts. The fresh primary transfer
LBR was highest at 11-30 oocytes retrieved and slightly
decreased for 6-10 and 31-40 oocytes. These results were
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confirmed after controlling for age, AMH, BMI, and infertility
diagnoses. Our findings suggest that ovarian stimulation stra-
tegies should be optimized for maximum oocytes retrieved
while minimizing risks such as OHSS. These presented results
on the primary transfer LBR, split by fresh, frozen without
PGT, and frozen with PGT, may help clinicians with the choice
of which type of primary transfer may be most effective for
their patient. Future studies should investigate the optimal
way in which to balance the risks of OHSS against the benefits
of an increased cumulative LBR.
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Fertility and Sterility®

Un mayor nimero de ovocitos recuperados esta asociado con un aumento en el niimero de 2 pronticleos y blastocistos y tasas acumu-
lativas de nacidos vives.

Objetivo: Investigarla asociacion entre el nimero de ovocitos recuperados y el nimero de ovocitos y blastocistos fertilizados y las tasas
acumulativas de nacidos vivos (LBRs) de transferencias primarias.

Diseno: Estudio retrospectivo.

Lugar: Ciclos de recuperacion y transferencias embrionarias vinculadas del Sistema de Reporte de Resultados de la Clinica de la So-
ciedad de Tecnologia de Reproduccion Asistida.

Paciente (s): Pacientes en los Estados Unidos sometidos a ciclos autdlogos de fertilizacion in vitro desde 2014 a 2019 (n=402,411
ciclos).

Intervencion (es): Ninguna.

Principal (es) Medida (s) de Resultado (s): Ovocitos y blastocistos normalmente fertilizados, y tasas acumulativas de nacidos vivos
(LBRs) de transferencia primaria.

Resultado (s): Hubo una fuerte correlacion lineal positiva entre ovocitos y ovocitos fertilizados y entre ovocitos y blastocistos. La tasa
acumulativa de nacidos vivos aument6 rapidamente con el nimero de ovocitos recuperados a 16-20 ovocitos aproximadamente, a tal
punto que continué aumentando pero con rendimientos decrecientes. La tendencia de la tasa acumulativa de nacidos vivos a aumentar
fue observada estratificando a los pacientes por edad y hormona antimulleriana y luego de controlar variables de confusién usando
regresion logistica multivariada. La tasa primaria de transferencia de nacidos vivos también aument6 con el nimero de ovocitos a
16-20 ovocitos aproximadamente, a tal punto que se estabilizé pero no disminuyd.

Conclusion (es): Un mayor nimero de ovocitos recuperados mejora la tasa acumulativa de nacidos vivos sin alterar la tasa de nacidos
vivos de transferencia primaria. Esto sugiere que las estrategias de estimulacion ovarica deberian apuntar a maximizar el namero de
ovocitos recuperados en forma segura.
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