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Abstract

Purpose To study the impact of oocyte diameter and cumulus cell mass on the potential for final maturation of immature
human oocytes in vitro.

Methods Immature oocytes (n=1563) from 75 women undergoing fertility preservation by ovarian tissue cryopreservation
(14-41 years) were collected. After preparation of the ovarian cortex for freezing, immature oocytes were collected from
the surplus medulla. After collection, IVM was performed according to standard published methods. The mass of cumulus
cell surrounding the immature oocyte was grouped according to size. After IVM, each oocyte was photographed, measured,
and the diameter was calculated as a mean of two perpendicular measurements.

Results The diameter of the oocytes ranged from 60 to 171 um with a mean of 115 um (SD:12.1) and an interquartile range
from 107 to 124 um. The oocyte diameter was positively associated with a higher incidence of MII (p < 0.001). MII oocytes
had a significantly larger mean diameter than MI, GV, and degenerated oocytes. The size of the cumulus cell mass was
significantly associated with the MII stage (p <0.001) and larger oocyte diameter (p <0.001). The results further confirm
that the diameter of the fully grown oocyte is reached relatively early in human follicular development and that the factors
governing oocyte maturation in vitro are connected to the surrounding cell mass and the oocyte.

Conclusion The diameter of the oocyte is a highly determining factor in the nuclear maturation of the human oocyte during
in vitro maturation, and the size of the cumulus cell mass is closely positively associated with a larger diameter.

Keywords Oocyte maturation - Oocyte diameter - Fertility preservation - Ovarian tissue cryopreservation - In vitro
maturation

> S.E. Pors

susanne.elisabeth.pors @regionh.dk

Laboratory of Reproductive Biology, The Juliane Marie
Centre for Women, Children and Reproduction, Copenhagen
University Hospital and Faculty of Health and Medical
Sciences, University of Copenhagen, 2100 Copenhagen,
Denmark

Department of Obstetrics and Gynecology, Hyogo College
of Medicine, Nishinomiya, Hyogo 663-8501, Japan

People’s Hospital of Guangxi Autonomous Region,
Nanning 530000, China

The Fertility Clinic, Aarhus University Hospital, Skejby,
8200 Aarhus, Denmark

Juliane Marie Centre for Women, Children and Reproduction,
The Fertility Clinic, Copenhagen University Hospital

and Faculty of Health and Medical Sciences, University

of Copenhagen, 2100 Copenhagen, Denmark

Department of Occupational and Environmental Medicine,
Bispebjerg University Hospital, 2200 Copenhagen, Denmark

Introduction

In women, follicle growth and maturation from the primor-
dial stage to the fully developed preovulatory follicle last up
to half a year [1-3]. During this process, the human oocyte
grows from a diameter of 35 um in the primordial follicle
[1] to a diameter usually exceeding 100—110 um when an
antrum starts to form at a follicular diameter of around
250 um [2]. At ovulation, the oocyte has reached its final
diameter of around 110-120 pum [3]. However, the ability to
resume meiosis is only fully developed at the time of ovula-
tion, where the oocyte responds to the midcycle surge of
gonadotropins by advancing from the germinal vesicle stage
(GV) to the metaphase II stage (MII) of meiosis (i.e., nuclear
maturation) and undergoes final cytoplasmatic maturation
including redistribution of organelles in order to support
further development [4].
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Assisted reproduction is performed in most mammalian
species, except humans, by aspirating immature oocytes
from ovaries ex vivo, maturing them to the MII stage (in
vitro maturation, [IVM), and subsequently performing stand-
ard in vitro fertilization (IVF). This is an accepted method
by which a massive number of healthy offspring have been
produced. Interestingly, a number of studies of oocytes from
mammalian species, including dogs, rats, rhesus monkeys,
goats, and mice, have identified a minimal oocyte diameter,
specific for each species, which is required for the oocyte
to sustain nuclear maturation following IVM [5-10]. In
humans, only a few studies have investigated whether a
similar lower threshold of oocyte diameter is needed to
sustain nuclear maturation and whether an increased diam-
eter is associated with a higher frequency of MII transition.
Durinzi and coworkers [11] were the first to report that mei-
otic resumption of human oocytes, collected from unstimu-
lated ovaries, was influenced by oocyte diameter. This has
subsequently been confirmed using oocytes obtained from
whole ovaries of women receiving no ovarian stimulation
[12], oocytes collected from women suffering from PCOS
with or without preceding stimulation [13, 14], and oocytes
collected from patients undergoing ovarian stimulation and
intracytoplasmic sperm injection (ICSI) [14]. Studies have
also suggested that an increased diameter of human oocytes
at the GV stage, collected after ovarian stimulation is linked
to reduced transcriptional activity and increased competence
for maturation [15-17]. Although the number of oocytes
included in these studies is limited, the data suggest that
oocyte diameter reflects the capacity for human oocytes to
sustain nuclear maturation. In the current study, a large num-
ber of oocytes were collected ex vivo from whole ovaries in
connection with ovarian tissue cryopreservation (OTC) for
fertility preservation and subsequently subjected to IVM.
The present study aimed to explore whether the oocyte
diameter and size of the cumulus-oocyte complex (COC)
were associated with the MII rate of oocytes undergoing
IVM obtained from unstimulated women.

Materials and methods
Patients and collection of oocytes

From 75 patients, whole ovaries were obtained for fertil-
ity preservation at two different clinics. The ovarian cortex
was cryopreserved at the Laboratory of Reproductive Biol-
ogy, University Hospital of Copenhagen, Denmark. None
of the patients had received any type of ovarian stimulation
with exogenous hormones prior to the procedure. The ethi-
cal committee of the municipalities of the Capital Region of
Denmark approved the project (H-2-2011-044), and all the
patients signed an informed consent form prior to the surgical
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procedure, in which they consented to donate their surplus
ovarian tissue including immature oocytes for research. At
arrival, the weight of the trimmed ovary equal to the ovarian
volume was monitored [18, 19]. After procurement of the cor-
tex, the surplus medulla tissue was examined for the presence
of immature COC released from small antral follicles with
diameters less than 3 mm. Oocyte collection and IVM have
been described [20, 21] with all culture media supplemented
with the growth factor midkine.

Classification and measurement of cumulus-oocyte
complexes

The sizes of the cumulus cell mass surrounding the immature
oocyte were grouped as naked oocytes with no cumulus cells
surrounding the oocytes, small cumulus-oocyte complexes
(S-COCs) with 3—-10 layers of cumulus cells, and large cumu-
lus-oocyte complexes (L-COCs) with more than 10 layers of
cells. The diameter of the cumulus cells was photographed and
measured before IVM using the AxioVision software (SE64
Rel.4.9.1).

Measurement of oocyte diameter

After IVM, oocytes were denuded, and photos of all oocytes
were taken using a Carl Zeiss microscope and the AxioVi-
sion software (SE64 Rel.4.9.1). The diameter of the oocytes
was obtained by calculating the average of two measurements
perpendicular to one another assessed from the inner side of
the zona pellucida. Thus, the zona pellucida was not included.

Statistical analysis

The frequency of maturation for immature oocytes to MII
was modeled as a mixed logistic regression with maturation
to MII (yes/no) as an outcome and transport of ovary (yes/
no), COC size (naked, small, and large), diagnosis (breast
cancer/any other condition), age of the patient, the weight
of the ovary, and oocyte diameter (linear effect) as covari-
ates. The random effect of the patient was included. Oocyte
diameter as an outcome was modeled using COC diameter,
diagnosis, maturation stage of the oocytes (degenerated, GV,
MI, and MII), age of the patient, the weight of the ovary, and
the random effect of the patient. All analysis was done in R
(version 3.4.3).

Results
Patient characteristics

The diagnosis of patients were breast cancer (n=233),
hematological cancer (n=11), gastrointestinal cancer
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(n=17), central nervous system cancer (n=135), benign
disease (n =6), other (n=06), osteosarcoma and sar-
coma (n=75), and gynecological cancer (n=2). The
mean age was 26.7 years (range: 14-40.9 years).
The mean weight of the ovaries was 8.2 g (SD: 0.09,
range: 2.4-19.8 g), corresponding to a volume of
8.2 ml [18].

Collected oocytes and COCs

A total of 1563 oocytes with a recorded diameter were
included. After IVM, 489 (31%) of the oocytes were MII,
307 (20%) were M1, 469 (30%) were GV, and 298 (19%)
were DEG. Of the 1563 oocytes, 618 (40%) were found in
L-COCs, 597 (38%) in S-COCs, and 348 (22%) oocytes
were naked. A total of 310 COCs was measured; of these,
149 were L-COCs with a mean diameter of 493 um (range
223.6-834.4 um), and 161 were S-COC with a mean
diameter of 249 um (range 161-536 pm). The diameter
of L-COCs was significantly larger compared to the diam-
eter of S-COCs (p <0.002).

Oocyte diameter and stage of maturation

The oocyte diameter ranged from 60 to 171 um with a
mean of 115 um (SD:12.1). The interquartile range was
from 107 to 124 um revealing that 75% of the oocytes
had a diameter larger than 107 um. The oocyte diam-
eter was positively associated with a higher incidence
of MII development (p <0.001). Oocytes with differ-
ent stages of maturation (GV, MI, or MII) after IVM
had significantly different diameters (p < 0.0001) with
oocytes reaching the MII stage having a significantly
increased diameter as compared to the MI and GV
stages (Table 1).

Oocyte diameter and COC size

The COC size was significantly associated with MII stage
(» <0.001) and larger oocyte diameter (p < 0.001) (Table 1).
In Fig. 1, the distribution of oocytes within different COC
sizes is shown. Figure 2 shows the expected maturation
rate of oocytes predicted by the diameter and the matura-
tion rate depending on the different COC sizes. The model
predicts that oocytes with a diameter below 100 um have
a 5% chance of reaching MII (7 MII oocytes out of a total
of 138 oocytes with a diameter < 100 um). Oocytes with a
diameter of 145 um in a L-COC had the highest predicted
maturation rate (85%). Oocytes with a diameter of 142 pm
in S-COCs showed a maximum predicted maturation rate of
88%. Naked oocytes showed a maximum predicted matura-
tion rate of 56%.

Oocyte diameter and patient characteristics

No association was found between the diameter of oocytes
and the age of the patient (p =0.1) or the size of the ovary
(p=0.3). The number of women with a diagnosis of breast
cancer was sufficiently large to allow a comparison of oocyte
diameter with all other diagnoses. However, no significant
differences were found overall nor for oocytes with different
sizes of COCs (p>0.10).

Discussion

This study showed a significant positive correlation between
oocyte diameter and ability to sustain nuclear maturation
measured as MII transition during a 44-h incubation period
based on more than 1500 oocytes from small antral follicles
obtained from non-stimulated human ovaries.
Furthermore, the number of cumulus cells surrounding
the oocyte (i.e., the size of the COC) was of importance

Table 1 Oocyte diameter and maturation in relation to COC size for 1563 oocytes collected ex vivo in connection with ovarian cryopreservation

for fertility preservation

Total Large COC Small COC Naked oocytes

Oocytes  Oocyte diameter Oocytes Oocyte diameter Oocytes Oocyte diameter Oocytes Oocyte diameter

(n) um (mean+SD)  (n) um (mean+SD) (n) um (mean+SD) (n) um (mean +SD)
Total 1563 115x12.1 618 118+10.5™ 597 113+11.47 348 112+14.8
MiII 489 123+9.7° 267 123+8.8 157 122+9.9 65 127+11.6
MI 307 115+8.8° 129 116+8 133 115+8.4 45 113+11.5
GV 469 108 +9.7¢ 178 111+8.4 207 107+9.2 84 105+11.7
Degenerated 298 111+£13.7¢ 44 117+£14.2 100 111+11.8 154 110x£14.4
Maturation rate (%) 31 43 26 19

The cumulus cell mass surrounding the immature oocytes was grouped as naked oocytes with no cumulus cells surrounding the oocytes, small
COCs with 3-10 layers of cumulus cells, and large COCs with more than 10 layers of cells

Statistically different numbers are marked with different letters or numbers of asterisks @)
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Fig. 1 Number of oocytes col- A All oocytes
lected in connection to ovarian
cryopreservation according to
diameter measured after IVM.
Black bars: total number of
oocytes at a given diameter.
White bars: number of oocytes
matured to MII at a given
diameter. The diameter of

the oocytes ranged from 59.9
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Fig.2 Predicted maturation rate depending on oocyte diameter and
size of COC. The prediction was done in a linear mixed model with
the patient as a random effect. The oocytes were grouped as naked
oocytes with no cumulus cells attached, small COCs with 3-10 layers
of cumulus cells, and large COCs with more than 10 layers of cells

for its ability to undergo MII transition. Thus, this study
confirms and extends that both oocyte diameter and cumu-
lus mass are essential components of the ability of human
oocytes to sustain [IVM. These two parameters appear to
affect oocyte maturation independently as oocyte diameter
is unrelated to the size of the COC. Thus, the fact that the
human oocyte reaches its final diameter in relatively small
follicles and that cumulus cells can be stimulated to improve
capacity for oocyte maturation in vitro [20, 21] enforces
that human IVM has the potential to be developed into a

@ Springer

Diameter of oocyte (um)

clinically relevant alternative also with oocytes from small
antral follicles.

Furthermore, this study clearly showed that there is an
asynchrony between follicular diameter and oocyte diameter.
Oocyte diameter reaches its final dimension, which on aver-
age is 110-120 pm in diameter, in relatively small follicles
of around just a few millimeters, and does not appear to
increase in diameter (or only marginally) during follicular
development from small antral follicles until ovulation [22].
This is surprising since it is commonly agreed that oocytes
from small antral follicles possess poor developmental com-
petence in terms of MII transition during IVM [23, 24], but
the importance of the cumulus cells, which in vitro may be
stimulated to induce an accelerated maturation of oocytes as
compared to the normal in vivo process, add to the proposi-
tion that an effective IVM protocol for fully grown human
oocytes deriving from small antral follicles can be devel-
oped when more information regarding the hormonal regu-
lation and somatic cells interactions with oocyte maturation
is available. In this regard, the current study suggests that
it may also be of interest to focus on the mechanisms that
promote oocyte growth potentially via stimulation of the
cumulus cells.

The oocytes included in our study originated from small
antral follicles in the ovaries of unstimulated women and
are all from non-macroscopically visible follicles (less than
3 mm in diameter). Data from the present study now sub-
stantially increases previous data in both origin and vol-
ume (11,12). We found that the average oocyte diameter is
115 pm, which corresponds quite closely to that previously
reported and confirms that the oocytes reach their final diam-
eter already at the small antral stage [11, 12, 24]. In our
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study, we found oocytes undergoing MII transition on aver-
age had a diameter of 123 um (Table 1), and the frequency
of MII transition of oocytes below 100 um was as modest
as 5% [7/138].

Oocytes from cattle are often used as a model for the
regulation of human oocyte maturation. However, in cattle
oocyte and follicle growth continue in parallel until the fol-
licle reaches a diameter of 3 mm [23], which is in contrast to
humans where the final oocyte diameter is reached in smaller
follicles [22]. After a diameter of 3 mm follicles in cattle
may continue until a diameter of 15-20 mm, during which
the oocyte remains at a diameter similar to that of a 3 mm
follicle (i.e., 120—130 um) [23]. Bovine oocytes aspirated
from slaughterhouse ovaries divided into the following size
categories (< 100 um, 100 to< 110 um, 110 to < 120 um,
and > 120 um) showed MII transition with frequencies of
21%, 42%, 76%, and 81%), respectively, for the four groups.
It is accepted that as follicle diameter in cattle increases the
rate of MII oocytes also goes up until a diameter of 3 mm.
Thus, the oocyte developmental competence of bovine
oocytes is also very dependent on the diameter, which in
this species to some extent reflects the diameter of the fol-
licle from which it derived. The bovine model does therefore
not reflect the situation in humans where the final oocyte is
reached considerably earlier in follicular development than
in cattle. Collectively, the current data mainly including
oocytes from follicles with a diameter of less than 3 mm
adds new information to the regulation of oocyte maturation
in human oocytes.

Human small antral follicles with a diameter of 0.4 to
2.0 mm have been reported to have an atresia rate of 15 to
24% [3]. This rate is considerably lower than in follicles of
larger diameters but does suggest that a substantial num-
ber of oocytes does not have the capacity to sustain further
development. On the other hand, the smaller the follicles
from which fully grown oocytes can be isolated, the higher
the number of oocytes will be available in the non-stimu-
lated ovaries and can potentially be isolated. In a previous
study, we isolated an average of 36 immature oocytes per
ovary from 25 consecutive enrolled patients, which, how-
ever, included two PCOS patients with a very high number
of oocytes, but an average of around 25 oocytes in non-
PCOS patients is not unlikely [20, 21]. Such numbers may
facilitate a more widespread clinical use in connection with
fertility preservation of ovarian cortical tissue, especially if
a good reproductive outcome can be demonstrated.

The diameter of the oocytes has been associated with
other parameters than maturation. A study by Lazzaroni-
Tealdi and co-workers (2015) included diameter as part
of an oocyte quality assessment index used to choose the
best oocytes in connection with IVF treatment. Here oocyte
diameter was the single parameter clearly associated with
improved day-3 embryo cell numbers, thus extending the

impact of oocyte morphology to also impact embryo for-
mation [25]. However, a study by Romao and coworkers
[26] found no significant association between diameter in
oocytes collected from follicles in connection with IVM
and fertilization and embryo classification. The diameter of
oocytes has also been reported to show a higher variability
with increasing age and advanced age leads to oocytes with a
reduced diameter [27, 28]. However, in the present study, we
were unable to document the effect of age on oocyte diam-
eter. It has also been reported that a high body mass index
(BMI) reduces the diameter of the oocytes [28, 29]. Unfor-
tunately, we were unable to obtain BMI from the women
donating oocytes in this present study.

It is a limitation of the current study that the matured
oocytes were not subjected to fertilization to monitor further
development, but the Danish authorities do not recognize
human IVM using oocytes from small antral follicles as
standard treatment to be used in clinical work. Furthermore,
it could potentially also have been of interest to focus on
other characteristics like for instance partial expansion of
cumulus mass (i.e., outer layers vs inner layers of the cumu-
lus). However, this was not included in the original protocol
for this project.

Collectively, the present study confirms the oocyte diam-
eter and the somatic cell compartment as being of utmost
importance for the human oocyte to undergo MII transi-
tion during human IVM. The results further confirm that
the diameter of the fully grown oocyte is reached relatively
early on in human follicular development and that the factors
governing oocyte maturation in vitro are connected to the
surrounding cell mass and the oocyte. Taken together, the
results of this study suggest further studies to develop the
platform for human IVM, as there are ample possibilities to
stimulate the somatic cells and, in this way, augment and
improve the MII transition.

Acknowledgements The authors wish to thank all personnel involved
in the clinical activities in fertility preservation are thanked for their
passionate work.

Funding This study is part of the ReproUnion collaborative study, cofi-
nanced by the European Union, Interreg V OKS. The funders had no
role in the study design, data collection and interpretation, or decision
to submit the work for publication.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated

@ Springer



2214

Journal of Assisted Reproduction and Genetics (2022) 39:2209-2214

otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

15.

Westergaard CG, Byskov AG, Andersen CY. Morphometric char-
acteristics of the primordial to primary follicle transition in the
human ovary in relation to age. Hum Reprod. 2007;22:2225-31.
Griffin J, Emery BR, Huang I, Peterson CM, Carrell DT. Com-
parative analysis of follicle morphology and oocyte diameter in
four mammalian species (mouse, hamster, pig, and human). J Exp
Clin Assist Reprod. 2006;3:2.

Gougeon A. Regulation of ovarian follicular development in pri-
mates: facts and hypothesis. Endocr Rev. 1996;17:121-55.
Conti M, Franciosi F. Acquisition of oocyte competence to
develop as an embryo: integrated nuclear and cytoplasmic events.
Hum Reprod Update. 2018;24:245-66.

Hirao Y, Nagai T, Kubo M, Miyano T, Miyake M, Kato S.
In vitro growth and maturation of pig oocytes. J Reprod Fertil.
1994;100:333-9.

Daniel SA, Armstrong DT, Gore-Langton RE. Growth and devel-
opment of rat oocytes in vitro. Gamete Res. 1989;24:109-21.
Schramm RD, Tennier MT, Boatman DE, Bavister BD. Chromatin
configurations and meiotic competence of oocytes are related to
follicular diameter in nonstimulated rhesus monkeys. Biol Reprod.
1993;48:349-56.

Eppig JJ, Schroeder AC. Capacity of mouse oocytes from prean-
tral follicles to undergo embryogenesis and development to live
young after growth, maturation, and fertilization in vitro. Biol
Reprod. 1989;41:268-76.

Anguita B, Jimenez-Macedo AR, Izquierdo D, Mogas T, Paramio
MT. Effect of oocyte diameter on meiotic competence, embryo
development, p34 (cdc2) expression and MPF activity in prepu-
bertal goat oocytes. Theriogenology. 2007;67:526-36.

Otoi T, Yamamoto K, Koyama N, Tachikawa S, Suzuki T. Bovine
oocyte diameter in relation to developmental competence. Theri-
ogenology. 1997;48:769-74.

Durinzi KL, Saniga EM, Lanzendorf SE. The relationship between
size and maturation in vitro in the unstimulated human oocyte.
Fertil Steril. 1995;63:404—6.

Duncan FE, Hornick JE, Lampson MA, Schultz RM, Shea LD,
Woodruff TK. Chromosome cohesion decreases in human eggs
with advanced maternal age. Aging Cell. 2012;11:1121-4.
Sénchez F, Romero S, De Vos M, Verheyen G, Smitz J. Human
cumulus-enclosed germinal vesicle oocytes from early antral
follicles reveal heterogeneous cellular and molecular features
associated with in vitro maturation capacity. Hum Reprod.
2015;30:1396-409.

Cavilla JL, Kennedy CR, Byskov AG, Hartshorne GM. Human
immature oocytes grow during culture for IVM. Hum Reprod.
2008;23:37-45.

Miyara F, Migne C, Dumont-Hassan M, Le Meur A, Cohen-
Bacrie P, Aubriot FX, Glissant A, Nathan C, Douard S, Stano-
vici A, Debey P. Chromatin configuration and transcrip-
tional control in human and mouse oocytes. Mol Reprod Dev.
2003;2003(64):458-70.

@ Springer

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Tan JH, Wang HL, Sun XS, Liu Y, Sui HS, Zhang J. Chromatin
configurations in the germinal vesicle of mammalian oocytes. Mol
Hum Reprod. 2009;15:1-9.

Combelles CM, Cekleniak NA, Racowsky C, Albertini DF.
Assessment of nuclear and cytoplasmic maturation in in-vitro
matured human oocytes. Hum Reprod. 2002;17:1006-16.
Rosendahl M, Ernst E, Rasmussen PE, Andersen CY. True ovar-
ian volume is underestimated by two-dimensional transvaginal
ultrasound measurement. Fertil Steril. 2010;93:995-8.
Wakimoto Y, Pors SE, Cadenas J, Colmorn L, Ernst E, Dueholm
M, Fedder J, Mamsen LS, Kristensen SG, Andersen CY. The pre-
cise ovarian volume is significantly associated with serum con-
centrations of antimullerian hormone, the luteinizing hormone/
follicle-stimulating hormone ratio, and total testosterone. Fertil
Steril. 2020;113:453-9.

Nikiforov D, Junping C, Cadenas J, Shukla V, Blanshard R, Pors
SE, Kristensen SG, Macklon KT, Colmorn L, Ernst E, Bay-Bjgrn
AM, Ghezelayagh Z, Wakimoto Y, Grgndahl ML, Hoffmann E,
Andersen CY. Improving the maturation rate of human oocytes
collected ex vivo during the cryopreservation of ovarian tissue. J
Assist Reprod Genet. 2020;37:891-904.

Cadenas J, Nikiforov D, Pors SE, Zuniga LA, Wakimoto Y, Ghez-
elayagh Z, Mamsen LS, Kristensen SG, Andersen CY. A threshold
concentration of FSH is needed during IVM of ex vivo collected
human oocytes. J Assist Reprod Genet. 2021;38:1341-8.
Lintern-Moore S, Peters H, Moore GP, Faber M1J. Follicular devel-
opment in the infant human ovary. Reprod Fertil. 1974;39:53-64.
Fair T. Follicular oocyte growth and acquisition of developmental
competence. Anim Reprod Sci. 2003;78:203-16.

Fair T, Hyttel P, Greve T. Bovine oocyte diameter in relation to
maturational competence and transcriptional activity. Mol Reprod
Dev. 1995;42:437-42.

Lazzaroni-Tealdi E, Barad DH, Albertini DF, Yu Y, Kushnir VA,
Russell H, Wu YG, Gleicher N. Oocyte scoring enhances embryo-
scoring in predicting pregnancy chances with ivf where it counts
most. PLoS One. 2015;10: e0143632.

Romao GS, Aradjo MC, de Melo AS, de Albuquerque Salles
Navarro PA, Ferriani RA, Dos Reis RM,. Oocyte diameter as a
predictor of fertilization and embryo quality in assisted reproduc-
tion cycles. Fertil Steril. 2010;93:621-5.

Valeri C, Pappalardo S, Felici MD, Manna C. Correlation of
oocyte morphometry parameters with woman’s age. J Assist
Reprod Genet. 2011;28:545-52.

Weghofer A, Kushnir VA, Darmon SK, Jafri H, Lazzaroni-Tealdi
E, Zhang L, Albertini DF, Barad DH, Gleicher N. Age, body
weight and ovarian function affect oocyte size and morphology
in non-PCOS patients undergoing intracytoplasmic sperm injec-
tion (ICSI). PLoS One. 2019;14:e0222390.

Atzmon Y, Shoshan-Karchovsky E, Michaeli M, Aslih N,
Shrem G, Ellenbogen A, Shalom-Paz E. Obesity results with
smaller oocyte in in vitro fertilization/intracytoplasmic sperm
injection cycles-a prospective study. J Assist Reprod Genet.
2017;34:1145-51.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/

	Oocyte diameter predicts the maturation rate of human immature oocytes collected ex vivo
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients and collection of oocytes
	Classification and measurement of cumulus-oocyte complexes
	Measurement of oocyte diameter
	Statistical analysis

	Results
	Patient characteristics
	Collected oocytes and COCs
	Oocyte diameter and stage of maturation
	Oocyte diameter and COC size
	Oocyte diameter and patient characteristics

	Discussion
	Acknowledgements 
	References


