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Sciences

Objectives: This study aimed to investigate the relationship between oocyte morphologic fea-
tures and embryo development following an Intracytoplasmic Sperm Injection (ICSI) procedure.
Methods: In this retrospective study, 485 mature oocytes were obtained from 70 patients un-
dergoing ICSI cycles. Controlled ovarian stimulation was performed using a standard antagonist
protocol. Morpho kinetic variables were analyzed using Time-Lapse Monitoring (TLM). The prima-
ry outcome measures were fertilization and reasonable embryo rate. Results: The patients’ age
ranged from 22 to 45 years (34.9+4.9 on average). From all retrieved MII oocytes, 285 (59.0%)
showed at least one morphologic aberration. The organelle cluster and ovoid shape were related
to a lower fertilization rate (OR: 0.35 p-value 0,045 and OR:0.137; p-value 0,048, respectively).
Time to 5 cells (t5) and time to 7 cells (t7) were different between normal and abnormal mor-
phologic oocytes (P-value 0.016 and 0.017, respectively). Average Oocyte Quality Index (AOQI)
negatively correlated with the number of good embryos. Conclusions: In our study, the fertil-
ization potential of organelle clusters and ovoid-shaped oocytes was lower. The t5 and t7 were
significantly longer in the abnormal oocyte group.

Keywords: Embryonic development, Oocytes, Sperm injections, Fertilization in Vitro, Assisted
reproductive technique

Introduction

Mongolian-based studies on infertility, such as Purevtogtokh et al., are clinically based; they
found an infertility rate of 11.6% in 20131 In a population-based study, Odkhuu et al. found
an average infertility rate of 8.2% in 20232 In Vitro Fertilization (IVF) is one of several tech-
niques available to help people with fertility problems have a baby. The treatment results depend
on the number and quality of the oocytes3 Oocyte quality and morphology depend on factors
such as the patient’s age, genetic defects, type of ovarian stimulation, culture condition, and
nutrition.* For example, in women with Polycystic Ovarian Syndrome (PCOS), mild CC stimula-
tion resulted in increased oocytes and viable embryos compared with non-PCOS women5 85%
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of the retrieved oocytes following ovarian hyperstimulation are
classified as metaphase Il (MI1), whereas approximately 10% and
5% of these oocytes are germinal vesicle (GV) and MI oocytes.
Oocyte morphological assessment in the laboratory is based on
nuclear and cytoplasm maturation. Normal oocyte characteristics
are normal-looking cytoplasm, a single polar body, appropriate
zona pellucida thickness, and proper perivitelline space6 The
variations of oocyte morphology have been studied to a lesser
extent, and currently, there is no consensus regarding the impact
of oocyte morphology on embryo development. Not every mor-
phology abnormality of oocytes may impact their fertilization and
embryo development. The primary aim of the present study was
to establish the incidence of oocyte morphological abnormalities.
A secondary aim was to evaluate the relationship between oo-
cyte morphological abnormalities and quantitative aspects of the
fertilization and embryo development of ICSI cycles. Additionally,
we collected the embryo morphokinetic variables using the time-
lapse monitoring system and evaluated their relation to oocyte
morphology.

Material and Method

This retrospective study analyzed 485 mature oocytes ob-
tained from 70 patients undergoing ICSI cycles in our hospital
(Creation and Love Women's Hospital, Ulaanbaatar, Mongolia).
The exclusion criteria were as follows: oocyte cryopreservation,
in vitro fertilization method used, and embryos were cultured in
a conventional incubator. Controlled ovarian hyperstimulation
was performed using GnRH antagonist protocol. Patients were
treated with the GnRH antagonist (Cetrotide, Merck, USA) and
recombinant follicle-stimulating hormone (Gonal-F, Merck, USA).
Ovarian stimulation was started on day 3 of the cycle with 150-
300 IU/day of rFSH. When the largest follicle reached a diameter
of 14 mm, the administration of Cetrotide was started at a dose
of 0.25 mg SC daily and continued until the day of hCG admin-
istration. The ovulation was triggered with 5000-10000 IU hCG
when at least two follicles =18 mm in diameter were recorded
by ultrasound.

Oocyte retrieval, denuding, and morphological ob-
servation

Oocytes were retrieved by transvaginal ultrasound-guided as-
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piration 35.5 hours after human chorionic gonadotropin (Ovidrel,
Merck, USA) administration. The collected oocytes were cultured
in IVF media (Vitrolife Co., Switzerland) and incubated at 370C,
under 6% CO2 and 5% 02 for 2—3h. Cumulus cells were re-
moved mechanically using glass pipettes and enzymatically with
75 IU/ml hyaluronidase. Each of the MII oocytes was placed in
an |CSI dish for injection. One embryologist performed an oocyte
morphology evaluation. The oocyte’s morphologic characteristics
were classified as extracytoplasmic and intracytoplasmic abnor-
malities. Extracytoplasmic abnormalities included a fragmented
first polar body, abnormal zona pellucida (thick and dark), en-
larged perivitelline space, debris in perivitelline, and oval shape.
Intracytoplasmic abnormalities included granular cytoplasm,
vacuolated cytoplasm, and organelle clustering. The AOQI score
was calculated. This score corresponds to the ratio of the total
number of abnormalities to the number of MII oocytes.”

Assessment of fertilization, embryo quality

Normal fertilization was recognized by the appearance of two
pronuclei and two polar bodies 16-18 hours after the ICSI pro-
cedure. Oocytes presenting one, three, or more pronuclei were
classified as abnormal. Cleavage-stage embryos were evaluated
on day 3 after ICSI using CL hospital classification, taking into
blastomere count, symmetry, and fragmentation. Embryos, more
than 6 evenly sized blastomeres with <20% fragmentation, are
classified as good quality.

Time-lapse imaging system

A Primo Vision camera was set to take a picture of the em-
bryos every 10 minutes. The timing of each developmental event
was annotated manually by an embryologist according to the Eu-
ropean Society of Human Reproduction and Embryology (ESHRE)
guideline for the use of time-lapse technology.® The time of ICSI
was defined as t0, and all time points were reported as hours.
The following early kinetic parameters were evaluated: Time to
PN fading, time to 2 cells (t2), 3-cells (t3), 4 cells (t4), 5 cells (t5),
6 cells (t6), 7 cells (t7), 8 cells (t8), durations of the second cycle
Cc2 (t3-t2), durations of the third cycle Cc3 (t5-t4), period time
of complete second synchronous S2 (t4-t3), third synchronous
S3 (t8-t5), second cell cycle ECC2 (t4-t2), third cell cycle ECC3
(t8-t4).
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Statistical Analysis

Data were analyzed using descriptive statistics (frequency,
percentage, mean value, and standard deviation). Binary logistic
regression analysis was performed to determine the associations
between the dependent variables (fertilization, embryo quality)
and independent variables (morphological abnormalities of oo-
cyte). The fertilization and embryo quality variables were dichot-
omized as combined; ‘fertilized or good embryo” was recorded
as 1, and 'unfertilized or not good embryo" was recorded as 0. In
this analysis, the p-value, odds ratio (OR), and 95% confidence
interval (Cl) of the OR were calculated to understand how the
morphological abnormality was associated with embryo devel-
opment. We divided the oocytes into two groups with normal
morphology and at least one abnormal morphology. An indepen-
dent t-test was carried out for continuous variables to compare
the mean between the groups of oocytes. Pearson’s correlation
test was performed to verify the relationship between patients’
cycle characteristics and several good embryos. Statistical signif-
icance was determined at a P-value lower than 0.05. Data were

Table 1. General characteristics of the study population

Impact of oocyte morphologic abnormalities on embryo development

analyzed using the Statistical Package for the Social Sciences
computer program (SPSS version 21.0).

Ethical Statement

The study was approved by the Research Ethics Commit-
tee of the Mongolian National University of Medical Sciences
(N0.2023/03- 04).

Results

The mean age of 70 patients included in this study was
34.9+4.9 years (range 22-45). The average body mass index
was 24.4+4.4. Patients with primary infertility at 77.1% (n=54)
and secondary infertility at 22.9% (n=16). Female infertility rate
of 61.4% (n=43), male infertility rate of 20.0% (n=14), unex-
plained infertility was 1.5%, and the combined rate for cou-
ples was 17.1% (n=12). The mean of the infertility period was
65.9+44.4 months (max 156 months). Study population charac-
teristics are presented in Table 1.

Variables Mean + SD
Women's age (years) 34.9+4.9
BMI (kg/m2) 24.4+4.4
Infertility duration (months) 65.9+44.5
AFC 7.3+£3.8
AMH (ng/ml) 22+1.4
FSH (mIU/ml) 8.4+3.5
Total dose of rFSH (IU) 2514.3+990.1
Duration of gonadotropin administration (days) 8.9+2.1
Estrogen level in trigger day (pg/ml) 2221.5+£860.0
LH level in trigger day (mIU/ml) 5.4+3.9
Count of oocytes retrieved 8.8+4.7
Count of Ml oocytes 6.9+3.9

BMI: body mass index; AFC: antral follicle count; AMH: antimullerian hormone, FSH: follicle-stimulating hormone; rFSH: recombinant follicle-stimu-
lating hormone; LH: luteinizing hormone; MIl: metaphase II; SD: standard deviation.

During this study, 614 oocytes were retrieved in 70 cycles,
out of which 485 (78.9%) were MIl stage, 59 (9.7%) were MI
stage, and 70 (11.4%) were GV oocytes. The mean number of
oocytes per patient was 8.8+4.7. Our study demonstrated that
200 (41.0%) of MIl oocytes had normal morphology, and 285
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(59.0%) were abnormality. Abnormalities in the extracytoplas-
mic area were observed in 58.3% of the cytoplasmic in 41.7%
of the analyzed MIl oocytes. In particular, granular cytoplasm
was present in 30.9% of the oocytes and vacuolated cytoplasm
in 7.2%. Polar body fragmentation was observed in 15.1% of
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the analyzed oocytes. In 17.7% and 9.7% of the oocytes, debris  shape were relatively rare (6.6%, 2.1%, and 1.7% of analyzed
in perivitelline space (PVS) and enlarged PVS were identified. ~ oocytes, respectively). The AOQI score was 0.89 (Table 2).
Abnormalities of zona pellucida, organelle clustering, and oval

Table 2. Evaluation of the morphological parameters in mature oocytes

Variables N (%)
Normal oocytes 197 (40.6%)
Abnormal morphological oocytes 288 (59.4%)
Intra-cytoplasmic abnormality 195 (40.2%)
Granular cytoplasm 150 (30.9%)
Vacuolated cytoplasm 5(7.2%)
Organelle clustering 0(2.1%)
Extra-cytoplasmic abnormality 246 (50.7%)
Debris in perivitelline space 86 (17.7%)
Enlarged perivitelline space 47 (9.7%)
Fragmanted first polar body 73 (15.1%)
Abnormalities of zona pellucida 32 (6.6%)
Ovoid shape 8 (1.7%)

As shown in Figure 1, no correlations were found between  count (r -0.405 and -0.26, P-value 0.001 and 0.03, respectively).
age, body mass index, anti-mullerian hormone level, antral folli-  The number of retrieved oocytes and estrogen level on trigger

cle count, total dose of FSH, and the number of good embryos.  day correlated positively with an increased count of good embry-
On the other hand, we observed that FSH level on menstrual cy-  os (r= 0.616 and 0.458, P-value<0.001, respectively).

cle day three and AOQI negatively correlated with good embryo Statistical analysis showed that the presence of organelle
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Figure 1. Relationship between oocyte morphology and fertilization rate
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clusters and ovoid shapes significantly correlated with decreased
fertilization rate. The fertilization rate obtained was 60% for oo-
cytes with organelle clusters (OR 0.35, 95% CI 0.03-0.87) and
50% for ovoid-shaped oocytes (OR 0.137, 95% Cl 0.02-0.98).
No impact of the other abnormalities on fertilization rate was
observed (Table 3).

Impact of oocyte morphologic abnormalities on embryo development

Relationship between oocyte morphology and em-
bryo quality

Embryo quality was not affected by oocyte morphological ab-
normalities. In vacuolated cytoplasm oocytes, the incidence of
good-quality embryos was lower than other abnormalities but
not statistically significant (Table 3).

Table 3. Binary logistic regression analysis of the fertilization and embryo development

Fertilized

Good quality

Variables oocytes (% per O(ggzkraétll)o P-value embryos (%per O(ggﬁ/org')o P-value
injected oocytes) fertilized oocytes)
Intra-cytoplasmic abnormality
Granular cytoplasm 116 (77.3%) CI'ng:;;—?593) 0.728 71(61.2%) CI'C()OR:717.-?§846) 0.278
Vacuolated cytoplasm 30 (85.7%) CI'ng:;é6-é117AL7) 0.355 12 (40.0%) CI'C()OR:Z%-?% 8) 0.112
Organelle clustering 6(60.0%)  00snay 0045 3(500%) . hespg 0.564
Extra-cytoplasmic abnormality
Debris in perivitelline space 72 (83.7%) C|-O(§:;62-§247) 0577 47(653%) . %R1715'_42792) 0.264
Enlarged perivitelline space 40 (85.1%) Clo(g6211$?; 7) 0.235 28 (70.0%) CI'?(§{:512.31354) 0.441
Fragmanted first polar body 64 (87.7%) CI'O(?:;éioiD 0.345 42 (65.6%) Cl-(()(g{:613.-22759) 0.507
. . OR:0.59

Abnormalities of zona pellucida 26 (81.3%) 0.497 13 (50.0%) Cl: (0.24-1.47) 0.261
Ovoid shape 4 (50.0%) C|:O(F(§:.(?2'jog.798) 0048  2(500%) %35%_587.51) 0.687

Cl: confidence interval; OR: odds ratio

Relationship between oocyte morphology and em-
bryo morphokinetic variables.

There was mean time to 2-8 cells 28.60+4.48, 37.61+4.81,
40.87+5.34, 50.17+6.80, 54.24+7.25, 57.11+6.98 and
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60.7+7.42 hours. Time-lapse monitoring demonstrated a signifi-
cant relationship between oocyte morphology and embryo mor-
phokinetic variables (t5, t7) (Table 4).
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Kinetic parameters (h) Oocytes with normal morphology Oocytes with abnormal P-value
tPNf (n=352) 24.68+4.58 25.77+6.00 0.056
t2 (n=345) 27.83+5.59 28.18+5.18 0.251
t3 (n=278) 36.41+6.58 37.58+6.93 0.164
t4 (n=302) 40.02+7.87 40.23+6.00 0.311
t5 (n=276) 47.32+£9.23 50.03+9.09 0.017
t6 (n=267) 52.66+8.97 54.37+8.51 0.124
t7 (n=227) 55.09+7.69 57.84+8.62 0.014
t8 (n=208) 59.21+8.76 61.56+9.06 0.064
Cc2 (t3-12) 11.06+8.26 11.80+8.82 0.717
Cc3 (t5-t4) 14.31+£11.30 14.23+11.43 0.723
S2 (t4-13) 12.13£17.20 9.95+15.17 0.393
S3 (t8-t5) 18.21+£17.04 18.92+16.38 0.420
ECC2 (t4-t2) 14.44+9.21 13.90+8.72 0.602
ECC3 (t8-t4) 26.44+12.98 27.13+13.48 0.344

Values are presented as mean + standard deviation (SD). Statistical significance (p<0.05) was determined using an independent t-test.

Discussion

The impact of oocyte morphology on the results of IVF treat-
ment is still debated.® Nonetheless, oocyte quality is the most
essential factor in female fertility, playing a crucial role during
fertilization and subsequent embryo development.’® The assess-
ment by light microscopy can display the presence of the first po-
lar body (PBI) in the perivitelline space (PVS), which is considered
to be a marker of nuclear maturation." Qocyte cytoplasmic mat-
uration is less well-defined than nuclear maturation but equally
essential. Cytoplasmic maturation entails proper relocation of
organelles, synthesis of proteins, and post-translational modi-
fications of mRNAs accumulated during oogenesis required to
complete meiosis, subsequent fertilization, and preimplantation
embryo development.’ Disturbances of oocytes’ nuclear and
cytoplasmic maturation may lead to various morphologic abnor-
malities™ Morphologic abnormalities are considered detrimental
factors in assessing the quality of oocytes, and some abnormali-
ties affect embryo development in ICSI cycles. In this study, to
identify oocyte morphological abnormalities of predictive value
for further embryo development, 485 MIl oocytes from 70 cou-
ples were analyzed. We found that 59% (285) of the mature MII

\ol.10, No.2, June 2024

oocytes had at least one feature of morphological abnormalities.
The overall incidence of morphological abnormalities in human
oocytes after controlled ovarian hyperstimulation has been re-
ported to be as high as 60-70% .">"" In 2022 Dmitri, et al. review
study, which combined the results of 52 studies, revealed cyto-
plasmic granular changes in 19%, polar body fragmentation in
37%, perivitelline space enlargement in 18%, and granular PVS
in 21%, which were higher than our study. However, the percent-
age of cytoplasmic vacuoles and cytoplasmic organelle clustering
cases was higher."®In a previous report, researchers noted a 58%
(58 of 100) incidence of dysmorphic oocytes in 35 intracytoplas-
mic sperm injection (ICSI) cycles, each yielding at least one dys-
morphic oocyte. However, when considering all 154 ICSI cycles,
including those that produced only oocytes of standard form, the
incidence rate dropped to 10.7% (58 of 541)." Oocyte morpho-
logical abnormalities may result from intrinsic factors, such as
genetic defects and age, as well as extrinsic factors, including
ovarian stimulation protocols.?’ Most studies similar to ours did
not report the ovulation induction protocol or did not differenti-
ate participants by agonist or antagonist protocol. We included
the patients who were performed using only GnRH antagonist
protocol. The antagonist protocol is a more time-efficient option
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than the long protocol. It involves directly stimulating the ovaries
with FSH injections without the initial suppression of the natural
menstrual cycle.

Successful fertilization is a more complex process, related not
only to sperm penetration but to many other processes inherent
to oocyte quality that are crucial and responsible for regulating
most molecular and cellular mechanisms required for success-
ful fertilization.?" The previous meta-analysis claimed that some
oocyte morphological abnormalities (first polar body and peri-
vitelline space enlarged, refractive bodies, and intracytoplasmic
vacuoles) are significantly associated with fertilization rates.??
Our data suggest that only organelle clustering and ovoid shape
are associated with a reduced considerably fertilization rate. Or-
ganelle clustering is also described as very condensed centralized
granularity.? This abnormality was reported as an indication of
cytoplasmicimmaturity and appeared to be more frequent among
patients diagnosed with endometriosis®* Pronuclear morphology
was affected by a centrally located granular area® Azita Faramar-
Zi, et al. analyzed the outcomes of 478 Ml oocytes retrieved from
52 women. They reported that on assessment of normal fertilized
oocytes, 284 (77.17%) had at least one abnormal morphologi-
cal characteristic.?s The previous two studies have demonstrated
that the similar presence of some abnormalities in mature oo-
cytes may affect further development. Among abnormal features
of mature oocytes, diffused or central granulation of cytoplasm
and oocyte shape may impair subsequent development /-8

Most previous studies were performed based on static con-
ventional observation. In recent years, continuous monitoring of
embryo development until the blastocyst stage has been possible
using time-lapse tracking. We assess oocyte morphology and its
influence on the embryo morphokinetic parameters using time-
lapse monitoring. In a previous study, researchers revealed no
effect of oocyte morphology on the morphokinetic time points
of derived embryos, except for the second polar body extrusion
time (ESPB).? In our study, two morphokinetic variables in the
abnormal oocyte group (time to 5 cells and time to 7 cells) were
significantly longer than the standard oocyte group. Prolonged
cell cycles in the human preimplantation embryo are likely asso-
ciated with activated DNA repair processes, incorrect attachment
of chromosomes to the spindle, or failure to complete previous
phases of the cell cycle appropriately.? The relationship between
embryo morphokinetic variables and ICSI outcomes has been
discussed previously. In these studies, tPNf was associated with
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live birth and t5 and t7 were associated with implantation and
blastocyst formation.?® 3! In this study, embryo quality was not
affected by oocyte morphological abnormalities. We preferred to
consider all the oocyte abnormalities listed in the AOQI scores
and not focus on only some. The average oocyte quality index
negatively correlated with several good embryos in our study.
Our study has two main limitations. The first limitation is the
small number of participants. The sample size was relatively small,
which may limit the generalizability of the findings to the broad-
er infertile patients. Second, we have not included information
such as blastocyst rate, implantation, and pregnancy outcome,
which are crucial in IVF treatment. Because of these reasons, fu-
ture studies are needed to validate the findings in the present
study. A larger sample size would have allowed for examining
subgroups within the patients of IVF treatment, which may be
necessary for identifying potential differences in the relationships
between variables. Another possible direction for future research
is to explore using time-lapse technology-based interventions
for abnormal embryo divisions and abnormal fertilization. These
interventions may benefit advanced-aged patients with few re-
trieved oocytes and a high risk of chromosomal abnormalities.

Conclusion

To conclude, we have shown that some abnormalities of oo-
cyte morphology predict not only fertilization but also morpho-
genetic parameters. We believe that oocyte morphological exam-
ination should be introduced into IVF laboratory initial practice.
All morphological abnormalities, especially oocytes with organ-
elle clusters and abnormal shapes, need to be assessed carefully.
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