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Summary

The process of oocyte retrieval represents a key phase during the cycles of in vitro fertilization
(IVF). It involves controlled ovarian stimulation to retrieve the highest number of oocytes
possible. According to many previous studies, the higher the number of oocytes the higher
the chances of obtaining embryos for multiple transfers. In this study, in total, 1987 patients
were retrospectively reviewed to investigate the correlations between the number of retrieved
oocytes and the subsequent IVF outcomes. Patients were divided into three groups according to
the number of retrieved oocytes (Group 1: ≤5 oocytes; Group 2: 6–15 oocytes; Group 3: ≥15
oocytes). The results showed a significant negative correlation between oocyte number and
maturation rate as well as fertilization rate. However, a significant positive correlation was
found between oocyte number and the blastulation rate. The implantation rate after fresh
embryo transfers was higher in group 2 (6–15 oocytes) compared with group 1 (≤5 oocytes).
According to our findings, we conclude that oocyte numbers between 6 and 15 oocytes can
result in the highest chances of positive IVF outcomes in terms of embryo quality and fresh
embryo transfers with lower risks of ovarian hyperstimulation.

Introduction

During the process of assisted reproductive technology (ART), controlled ovarian stimulation is
the first important step towards in vitro fertilization (IVF) success. Multiple follicles are stimu-
lated using different gonadotrophins and protocols in a single cycle for the collection of multiple
oocytes (Macklon et al., 2006; Vermey et al., 2019). The general aim of this collection was to
obtain as many oocytes as possible to increase the chance of good quality embryos. A high
number of good quality embryos increases the chances of having more than one transfer, as
many of the embryos can be vitrified for upcoming cycles. However, there is considerable
heterogeneity in the published studies on the effect of the number of retrieved oocytes on
IVF outcomes (Timeva et al., 2006; Cai et al., 2013). While some studies showed that an
optimum number increases the live birth rates (Ji et al., 2013), others found that clinical preg-
nancies and live birth rate (LBR) do not decrease with a high number of oocytes (Briggs
et al., 2015).

Also, it has been shown that poor ovarian reserve does not necessarily means poor pregnancy
rates, as there are other factors that are involved such as female age (Klinkert et al., 2004;
Hendriks et al., 2008; Yin et al., 2019). However, reports on poor responders with lower preg-
nancy rates have also been published (Biljan et al., 2000; De Sutter and Dhont, 2003; Timeva
et al., 2006; Zhen et al., 2008). Before the phases of implantation and live birth, there are many
key stages that can be affected by oocyte competence. Oocyte maturation, fertilization compe-
tence, cleavage quality and blastulation are known to be the first in vitro indicators of chances of
implantation and live birth during IVF cycles. The aim of this study was to elucidate the asso-
ciation between the number of oocytes after retrieval and the following results of each step of the
IVF process.

Materials and methods

Patients

This retrospective study was approved by the IRIFIV Fertility Centre, Casablanca (Morocco)
informing the selected patients with consent. The study includes 1987 women, aged between
24 and 40 years old, who were eligible for oocyte retrieval, with primary and secondary infer-
tility, and who underwent an intracytoplasmic sperm injection (ICSI) cycle between January
2015 and January 2020.
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For the purpose of this study, cycles involving oocyte cryopre-
servation and frozen oocyte thawing were excluded from the
analysis. Patients were divided into three groups according to
the number of oocytes retrieved from each patient. Group 1: ≤5
oocytes, group 2: 6–15 oocytes, group 3≥15 oocytes. These catego-
ries were defined according to previous research (please refer to the
Discussion).

Ovarian stimulation

Women underwent controlled ovarian stimulation with the
flexible gonadotrophin-releasing hormone (GnRH) antagonist
protocol. A daily subcutaneous injection of recombinant follicle-
stimulating hormone (rFSH; Gonal-F, Merck-Serono) was used
alone or in combination with human menopausal gonadotrophin
(HMG; Menopur; Ferring). The follicle-stimulating hormone
(FSH) dose was based on the woman’s age, anti-müllerian
hormone (AMH) concentration, in addition to prior history of
ovarian stimulation and was adjusted according to the usual
parameters of follicle growth, determined using serum estradiol
(E2) concentration and ultrasound monitoring.

A daily dose of GnRH antagonist (Cetrotide, Merck-Serono or
Orgalutran, MSD) was injected subcutaneously, starting from day
6 of FSH administration. The ovulation trigger was performed
with 10,000 IU of human chorionic gonadotrophin (rHCG,
Ovitrelle; Merck-Serono) and gonadotrophin-releasing hormone
(Decapeptyl, Ferring), after obtaining follicles that reached dimen-
sions of 17 mm or greater in diameter and adequate serum E2
levels. Oocytes were retrieved 34–36 h after hCG administration.

Oocyte and sperm preparation

The retrieved cumulus–oocyte complexes were isolated from
follicular fluid, rinsed and cultured in culture medium (SAGE 1-
Step, Origio). At 2–3 h after retrieval, the oocyte–corona–
cumulus complexes were placed in a HEPES-buffered medium
(Ferticult Flushing medium, Fertipro) containing hyaluronidase
(Hyaluronidases in Ferticult Flushing medium, Fertipro) and were
mechanically denudated using a 20–200-μl micropipette. The
nuclear maturation grades were classified as metaphase II, meta-
phase I and germinal vesicle.

Sperm samples were collected in a sterile container from the
male partner by masturbation, after 3–4 days of abstinence, and
washed by centrifugation. All metaphase II oocytes underwent
ICSI after denudation.

The temperature inside the incubators (IVF-Cube AD3100,
ASTEC; Thermo Scientific HeraCell 150) was controlled using a
certified thermometer and remained at 37 ± 0.2°C. Oxygen levels
inside the incubators were at 5% and the cultivation medium was
pH 7.3 ± 0.02 with CO2 ~5.6%.

Assessment of the rate of maturation, fertilization, embryo
quality and implantation

The rate of fertilization was calculated by the number of 2PN
embryos on day 1 divided by the total number of metaphase II
(MII) oocytes. The rate of 8-cell embryos on day 3 was calculated
by the number of 8-cell embryos divided by the total number of
embryos. The blastulation rate was calculated by the number
of blastocysts obtained on day 5 divided by the total number of
embryos of extended culture. On day 2, embryos were not taken
out of the incubator for evaluation.

The embryo transfer policy was double embryo transfer (DET)
on day 3. The implantation rate was calculated as the number of
implanted embryos divided by the number of embryos transferred
per group of patients.

Statistical analysis

The results are expressed as the mean ± standard deviation
or percentage of the total. Data were obtained using Student’s t-test
and Statistical Package for the Social Sciences (SPSS) software.
Statistical significance was defined as a P-value < 0.05.
Correlation coefficient values were used to determine the signifi-
cance of the correlations found in all data. In this analysis, the rela-
tionship was assessed for each possible confounding factor.

Results

Relationship between the number of retrieved oocytes
and their maturation rate

Our data showed a significant negative correlation between the
maturation rate and the number of retrieved oocytes (r = −0.95;
P= 4.79 × 109) (Figure 1). The highest maturation rate (78.2%)
was observed in group 1 (≤5 oocytes) and the lowest maturation
rate was observed in group 3 (≥16 oocytes) (Table 1).

Relationship between the number of retrieved oocytes and
embryo quality

As shown in Table 1, we found a significant negative correlation
(r = −0.99; P= 1.03 × 106) between fertilization rate and the
number of retrieved oocytes. The rate of fertilization significantly
decreased from group 1 to group 3 (Figure 2).

Regarding the rate of 8-cell embryos on day 3, no correlation
but a significant difference (P= 1147 × 10–13) was found between
the groups. The group with the highest rate was group 2 (6–15
oocytes), followed by group 3 (≥ 16 oocytes) and finally group 1
(≤ 5 oocytes).

A significant positive correlation (r= 1; P= 0.03) was found
between blastulation rates and the number of retrieved oocytes
(Table 1). As seen in Table 1, there were no extended cultures
on day 5 in group 1, which was due to the low numbers of oocytes
and day 3 embryos in that group.
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Figure 1. Associationbetween thenumber of retrievedoocytes and thematuration rate.
Group 1: (≤5 oocytes); Group 2: (6–15 oocytes); Group 3: (≥16 oocytes).
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Relationship between the number of retrieved oocytes and
implantation rate after fresh day 3 embryo transfer

The implantation rates after fresh embryo transfer were 24.9% and
42.3% in groups 1 and 2, respectively (Figure 3). No implantation
rate was included in group 3, all embryos were frozen. This group
included a high cancelled cycle transfer rate due to ovarian hyper-
stimulation syndrome (OHSS).

Discussion

Ovarian stimulation is the important first step during IVF cycles
and plays an important role in IVF outcomes. Many studies have
been interested in the effect of the number of retrieved oocytes on
implantation success, however many conflicting results have been

found. In fact, some studies have suggested that the optimum
number of oocytes to generate positive IVF outcomes can be
~6–10 oocytes (Sunkara et al., 2011; Ji et al., 2013; Steward
et al., 2014; Thaker et al., 2020). Other researchers have shared that
a higher number of retrieved oocytes increases the LBR (Zhou
et al., 2017), while other studies found that oocyte number did
not significantly affect IVF outcomes (Briggs et al., 2015). To date,
only a few studies have analyzed the relationship between matura-
tion, fertilization, as well as embryo quality and oocyte number
(Sigala et al., 2015; Decanter, 2018; Lin et al., 2018; Agrawal
et al., 2020; Nikbakht et al., 2021). Our data have shown a signifi-
cant association between retrieved oocytes per patient and IVF
success, from oocyte maturation to implantation.

Initially, our results showed a significant negative correlation
between the number of retrieved oocytes and the rate of matura-
tion and fertilization. In line with our findings, many studies have
found a lower fertilization rate and lower oocyte quality in patients
with high oocyte numbers. As most of these patients were known
to have polycystic ovary syndrome (PCOS) with high AMH levels,
the alteration in oocyte quality can be explained by an increased
expression of reactive oxygen species (ROS) levels by granulosa
cells (GCs) and follicular fluid (Arya et al., 2012; Yilmaz et al.,
2016; Lai et al., 2018; Sun et al., 2021). The high oocyte number
resulting from excessive follicle number is associated with follicu-
logenesis disturbance that is known to be a consequence of PCOS
(Jonard and Dewailly, 2004; Homburg, 2009).

The metabolic activity of GCs is related to oocyte competence
and development frommaturity to implantation (Uyar et al., 2013;
Huang et al., 2015; Lai et al., 2018) through the cross-talk between
oocyte and GCs (Rienzi et al., 2012; Decanter, 2018). Intact GCs
already produce a considerable amount of ROS by electron trans-
port, which is maintained by enzyme antioxidants (Behl and
Pandey, 2002; Migdal and Serres, 2011). In PCOS patients, the
percentage of ROS in GCs has been shown to increase by 20-fold
compared with the normal rate (Das et al., 2008; Lai et al., 2018),
which can alter DNA and mitochondrial metabolism prior to the
inadequate dialogue between GCs, cumulus cells (CC) and oocytes
(Kenigsberg et al., 2009; Kwon et al., 2010). All this cellular disturb-
ance can lead to high rates of immature oocytes, as well as a signifi-
cantly low rate of fertilization and embryonic development
(Plachot et al., 2003; Dumesic and Abbott, 2008; Homburg,
2009; Qiao and Feng, 2011; Zhang et al., 2017; Lai et al., 2018;
Jamil et al., 2020). In accordance with these studies, our highest
fertilization and maturation rates were observed in group 1 (1–5
oocytes). Moreover, some studies have shown that poorer ovarian
responses can be due to altered mitochondrial RNA (mit-RNA)
expression in CC and can also lead to negative oocyte and embryo
quality (Karakaya et al., 2015; Yin et al., 2019). However, the
poor ovarian response usually includes some oocytes that are less
than or equal to two oocytes. In our study, in the group including
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Figure 2. Association between the number of oocytes and the fertilization rate.
Group 1: (≤5 oocytes); Group 2: (6–15 oocytes); Group 3: (≥16 oocytes).
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Figure 3. Association between the number of oocytes and the implantation rate.
Group1: (≤5 oocytes); Group 2: (6–15 oocytes); Group 3: (≥16 oocytes).

Table 1. Comparison of maturation rates, fertilization and 8-cell embryos on day 3 according to the number of retrieved oocytes

Group 1: (≤5 oocytes)
(N= 966)

Group 2: (6–15 oocytes)
(N= 877)

Group 3: (≥16 oocytes)
(N= 144)

Coefficient of
correlation P-value

Maturation rate (%) 78.2 ± 35.47 72.03 ± 20.01 70.14 ± 18.98 −0.95 4.79E-09

Fertilization rate (%) 77.25 ± 35.47 71.36 ± 23.31 66.42 ± 21.13 −0.99 1.03E-06

Rate of 8-cell embryos on
day 3 (%)

73.04 ± 41.35 85.21 ± 23.70 79.26 ± 25.18 – 1.147E-13

Blastulation rate (%) – 30.33 ± 35.10 (n = 446) 37.84 ± 31.13 (n= 116) 1 0.03

Values are reported as the mean ± standard deviation (SD).
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1–5 oocytes, not all patients had abnormally low AMH levels, and
therefore had a better chance of higher quality oocyte competence
(Cohen et al., 2018).

Although in our data, fertilization and maturation rates were
the highest in group 1 (≤ 5 oocytes), the rate of 8-cell embryos
on day 3 was the highest in group 2 (6–15 oocytes).

This interesting result can be explained by the reduced embryo
quality resulting from mit-RNA deletions in CC. According to
Gross et al. (2017), the role of maternal miRNA in embryo devel-
opment is still unclear, but they might play a role in producing
‘robust’ embryos.

In addition, Thaker and colleagues showed that lipid peroxida-
tion was at an optimum level in the 6–10 oocyte group, compared
with lower and higher retrieved oocyte number, which can confirm
the importance of maintaining a balance during ovarian stimula-
tions. Even though the physiological basis for the association
between AMH levels and embryo quality is still not well under-
stood (Melado Vidales et al., 2017; Shrikhande et al., 2020), it is
worth mentioning that an optimum AMH level results in an
optimum oocyte number that can result in a higher quality embryo
with lower OHSS risk.

In group 3 (≥16 oocytes), although the rate of 8-cell embryos on
day 3 embryos was not the highest, it appeared to be higher
compared with group 1. This can be explained by the higher
number of oocytes that were prone to produce 8-cell embryos.
In fact, when comparing embryo quality between PCOS patients
and the control group, Fernández-González and colleagues
(2019) found no significant difference between the two groups.
However, the number of retrieved oocytes in the PCOS group
was higher.

A high rate of 8-cell embryos on day 3 is considered a more
promising result compared with lower rates, with the exception
of aneuploidy, in which morphological characteristics are not a
significant predictor of conception (Dolgushina et al., 2015;
Minasi et al., 2016; Lee et al., 2019; Munné et al., 2019).
Moreover, it has been shown that embryo morphology can help
to increase the percentage of chromosomally normal embryos
(Ziebe et al., 2007). According to our data, as well as all the previous
studies mentioned, we can confirm that, for a higher quality
embryo competence, in terms of development and kinetics, an
optimum number of retrieved oocytes can be adequate. The rate
of fertilization and maturation is a very important factor in IVF
success, however embryo kinetics and the subsequent cleavage
quality in time are more impactful for quality embryo transfers
and also cryopreservation.

For blastulation, we could not establish a rate for group 1 due to
the low rate of prolonged culture to day 5 for such a low number of
oocytes. Nevertheless, the blastulation rate of group 3 was signifi-
cantly higher when compared with group 2. Cycle characteristics
alone may not be an accurate predictor for the rate of blastulation,
as there have been many conflicting results reported in previous
literature (Jones et al., 2020). It has been shown that better quality
blastocysts are mostly generated by oocytes originating from a
follicular volume of between 13 and 23 mm (Agrawal et al.,
2020). However, smaller follicles still have the capacity to produce
blastocysts, which increases their number for higher chances of
implantation. Most importantly, 8-cell embryos on day 3 can
increase the rate of blastocyst formation, however embryos with
a greater cell number on day 3 are not always predictive of a greater
likelihood of blastocysts. In fact, 6–7-cell embryos may also result
in blastulation, as Langley et al. (2001) have previously shown that
54% of 6-cell embryos formed blastocysts on day 5. Simply put, a

large number of embryos in extended culture can increase the
chances of obtaining blastocysts on day 5, irrespective of whether
the corresponding day 3 embryos are of better quality (seven or
eight cells) or lower quality (six cells) (Graham et al., 2000;
Langley et al., 2001). This might explain the higher rate of blastu-
lation in group 3 compared with group 2, regardless of the higher
quality of day 3 embryos in group 2.

Regarding the most important indicator of IVF success, in our
data, we noted that the implantation rate after the fresh transfer of
day 3 embryos doubled from group 1 to group 2 (24–42%). Group
3 was not included in the implantation rates due to a lack of fresh
embryo transfers in this group, as all transfers fromOHSS are post-
poned to other cycles. The same trends in the results were observed
with a higher LBR in oocyte retrievals of 10–14 oocytes (Zhou et al.,
2017). The higher rate of implantation in group 2 can be explained
by the concordance with the highest rate of 8-cell embryos on day 3
in the same group. During our DET policy, the chances of trans-
ferring two 8-cell embryos on day 3 were higher in cultures that
had a higher number of 8-cell embryos. In group 1 (≤ 5 oocytes),
the rate of 8-cell embryos on day 3 was quite acceptable, never-
theless DET may involve two 8-cell embryos or it may also involve
only one 8-cell embryo paired with another embryo with a lesser
number of cells. As there are more good quality embryos available
in group 2 compared with group 1, we can speculate that it might
be one of a variety of factors that could affect the chances of
implantation. A high number of retrieved oocytes may not
necessarily mean a higher chance of implantation, however a high
number of good quality embryos can increase the chances of
implantation (Bosch et al., 2016; Lin et al., 2018; Polyzos
et al., 2018).

To conclude, our results showed that the quality of embryo
cleavage plays an important role in IVF outcomes, as the quality
of retrieved oocytes can be more impactful than their number.
Also, some oocytes between 6 and 15 oocytes can result in the
highest chances of positive IVF outcomes in terms of embryo
quality and fresh embryo transfers with lower risks of ovarian
hyperstimulation.
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