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Abstract

Background: The relationship between oocyte morphology and developmental potential has
been a hot research topic in assisted reproductive technology (ART). Whether inclusions in the
perivitelline space (PVS) affect ART outcomes remains controversial.
Case Presentation:We present a case report of a 34-year-old G3P1A2womanwho sought ART
treatment because of sequelae of pelvic disease. As her husband had severe oligospermia due to
the stress on the day of oocyte retrieval, intracytoplasmic sperm injection (ICSI) was performed.
After denudation, varying degrees of debris were found in the PVS, but all the oocytes were
subjected to ICSI. Among the eleven retrieved oocytes, eight were fertilized. The morphology of
the embryos was scored on Days 2 and 3. Five embryos were frozen on Day 3, and two best-
quality embryos were subsequently transferred via frozen embryo transfer.
Conclusion: Severe debris in the PVS seems to affect embryo quality but not fertilization. Mild
debris in the PVS may have little effect on the outcome of ART treatment. In our patient, after
two embryos that were derived from oocytes with relatively few debris in the PVS were
transferred, a successful live birth occurred.

Introduction

Oocyte quality is a pivotal factor that directly affects the outcome of the ART cycle (Ferrarini
Zanetti et al., 2018). The identification of markers that can be used to evaluate oocyte quality
remains a major issue in ART (Minasi et al., 2023). To date, the evaluation of oocyte quality
relies mainly on morphological observations, which are easy, safe and fast. Oocyte morphology
generally includes the size, shape, cytoplasm, perivitelline space (PVS), polar body and zona
pellucida (ZP) (Bartolacci et al., 2022).

The PVS is the space between the oolemma and the ZP and provides a specific
extracytoplasmic environment for the development of oocytes and embryos before they hatch
out (Talbot & Dandekar, 2003). It is generally accepted that good-quality oocytes should not
contain any impurities or granules in the PVS (Guimarães et al., 2021). Previous studies have
reported conflicting results concerning whether inclusions in the PVS affect the quality of
oocytes (Bartolacci et al., 2022; Nikiforov et al., 2022; Farhi et al., 2002; Yu et al., 2021). Herein,
we describe a rare case of a woman with different amounts of debris in the PVSs of all her
oocytes. After ICSI and frozen embryo transfer treatment, the woman achieved a successful
pregnancy and gave birth to a healthy child.

Case report

A 34-year-old woman with secondary infertility came to our clinic seeking ART treatment in
September 2020 because of sequelae of pelvic disease. She gave birth to a healthy baby in 2012 by
way of natural conception. Two miscarriages subsequently occurred. The last pregnancy was in
2016. She has not been pregnant since stopping contraception in 2019 and has had a normal sex
life. She had regular, 30–33-day menstrual periods. Her hormone profile on Day 2 of the
menstruation cycle was as follows: anti-Müllerian hormone, 1.76 ng/mL; follicle-stimulating
hormone (FSH), 5.10mIU/mL; serum luteinizing hormone (LH), 7.15mIU/mL; oestradiol (E2),
75.99 pg/ml; and progesterone (P), 23.29 ng/ml. The antral follicle counts on Day 3 of the cycle
were as follows: right ovary, 3; left ovary, 5. Her 37-year-old partner had normal sperm
parameters and routine serology tests. The patient underwent progesterone-primed stimulation
protocols. Briefly, 225 IU of urofollitropin (u-FSH) (Lizhu Pharmaceutical Factory, China) daily
and 10 mg of medroxyprogesterone acetate (MPA) tablet (Zhejiang Xianju Pharmaceutical Co.,
China) daily were administered for 13 days starting from the 2nd day of menses and continuing
until the day of the ovulation trigger. The total gonadotrophin dose was 3550 IU. When three
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dominant follicles reached 18 mm, oocyte maturation waxs
triggered with 10000 IU of HCG (Lizhu Pharmaceutical Factory,
China) subcutaneously. On this day, her oestradiol level was 2367
pg/ml, and her progesterone level was 1.2 ng/ml, with 3
follicles≥ 18 mm, 5 follicles 14–18 mm. Ova harvest was carried
out 36 h later. Eleven oocytes were retrieved. Among the 11 oocytes
retrieved, eight were derived from follicles larger than 14 mm, and
three were derived from 12–14 mm follicles. Owing to the stress on
the day of oocyte retrieval, the semen volume that the husband
extracted was only approximately 0.1 ml, and the sperm
concentration was 20 × 106/ml. As the husband was not willing
to perform a second semen extraction, the total progressively
motile sperm count was not sufficient for conventional IVF after
semen optimization, and the couple was counselled to pursue ICSI.
Four hours later, the oocytes were denuded with hyaluronidase by
using micropipettes.

Debris was present in the PVS of all the eggs to varying degrees
(Figure 1). Five of the oocytes had severe debris (> 40% of the PVS)
(Figure 1 e, g, h, j, k), two oocytes had moderate debris (> 20% to
40% of the PVS) (Figure 1 d, f), and four oocytes had mild debris
(< 20% of the PVS) (Figure 1 a, b, c, i). As it was impossible to
distinguish the first polar body from the inclusions for some of the
oocytes, all the oocytes were used for ICSI immediately after
denudation. Then, the oocytes were washed and cultured
immediately in individual 30-μl droplets of the cleavage medium.
Fertilization was examined 18 h later. Six out of the 11 eggs
presented normal fertilization with 2 pronuclei (PNs). Two eggs
(Figure 2 c, f) showed 1PN fertilization. Three eggs were
degenerated (Figure 2 e, h and k). On Day 2 (42 h after ICSI),
3 embryos were graded as Grade 1 (Figure 3 a, d, i), and five
embryos were graded as Grade 2 (Figure 3 b, c, f, g, j). On Day 3
(66 h after ICSI), the cleavage-stage embryos were graded as 8-cell
Grade 1, 13-cell Grade 1 (Figure 4 d, a, respectively), 6-cell Grade 2

(Figure 4 f, g, i), and 6-cell, 5-cell, or 4-cell Grade 3 (Figure 4 j, b, c).
Embryology grading was performed according to the Alpha
Scientists in Reproductive Medicine and the European Society of
Human Reproduction and Embryology (ESHRE) Special Interest
Group of Embryology (Alpha Scientists In Reproductive Medicine
& Eshre Special Interest Group Embryology, 2011). The oocytes
shown in Figure 1 to Figure 4 were present in a continuous
sequence throughout the culture. For protocol reasons, all available
embryos (Figure 4 a, d, g, i) were frozen by vitrification on Day 3 as
the endometrium became out of phase.

Eight weeks later, hormone replacement therapy was per-
formed for frozen-thawed embryo transfer. Oestradiol valerate
tablets (Bayer Vital GmbH) were administered beginning on Day 3
of the patient’s cycle, when the E2 and P levels were 29 pmol/ml
and 0.20 ng/ml, respectively. OnDay 16, with the E2 and P levels of
350 pg/ml and 0.30 ng/ml, respectively, progesterone was added.
To understand the developmental potential of the embryos, the 8-
cell Grade 1 and 13-cell Grade 1 embryos were thawed 18 h before
embryo transplantation. On the day of transfer, they grew into an
early blastocyst and an 8-cell Grade 2 embryo (Figure 5), both of
which were transferred. Laser-assisted hatching was performed on
the embryos before transfer. The β-hCG level was 299.97 mIU/ml
at 9 days posttransfer. Ultrasound examination revealed a good
foetal heart at 7 weeks and 2 days. At 41 weeks of pregnancy, a
healthy live birth was attained, with the baby weighing 3350 g.

Discussion

Oocyte quality plays amajor role not only in fertilization but also in
subsequent embryo development (Rienzi et al., 2011). An
important non-invasive evaluation of oocyte quality is based on
morphological assessment, which is widely used in embryology
laboratories. According to previous studies, cytoplasmic vacuoles,

Figure 1. Oocytes exhibiting coarse
granular (arrows) in the perivitelline
space after the stripping procedure.
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centrally located cytoplasmic granularity and clusters of the
smooth endoplasmic reticulum were suggested as indicators of low
oocyte quality, with a high proportion of aneuploidy (Nikiforov
et al., 2022; Van Blerkom & Henry, 1992). However, the influence
of certain types of dysmorphic oocytes on embryo quality,
implantation rates and pregnancy rates remains unclear (Yu et al.,
2015), and there are no clear or well-defined criteria for evaluating
oocyte morphology.

PVS abnormalities are the most commonly observed aberra-
tions of extracytoplasmic components (Hassa et al., 2014), and the
PVS size and PVS granularity have already been used as
parameters to predict embryo quality via artificial intelligence
techniques (Lazzaroni-Tealdi et al., 2015; Xia, 1997). However, the
fate of embryos with these anomalies remains unclear, leading to
contradictory findings in previous studies. Earlier studies revealed
that the debris in the PVS negatively affected fertilization and

Figure 2. Embryonic development of
oocytes at the pronuclear stage. The
arrows point to the pronucleus.

Figure 3. Embryonic development of
oocytes at the second day.
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embryo quality (Balaban et al., 1998; Sutter et al., 1996; Meriano
et al., 2001). However, Farhi et al. reported that implantation and
pregnancy rates were significantly reduced for embryos derived
from oocytes with coarse granules in the PVS during IVF–ICSI
cycles, but the fertilization rate and embryo quality were not
affected (Farhi et al., 2002). The results of Kuran et al. and
Chamayou et al. revealed that PVS granulation and granules in the
PVS were not a direct connection between implantation rates and
clinical pregnancy rates (Kuran et al., 2023; Chamayou et al., 2006),
whereas the miscarriage rate was positively correlated with those

(Kuran et al., 2023). Moreover, studies have shown no correlation
between the presence of the debris in the PVS and embryo
development or blastocyst formation (Ten et al., 2007; Hassan-Ali
et al., 1998; Braga et al., 2013). In the present case, the entire oocyte
cohort presented with debris in the PVS. Although a healthy baby
was born, we found that the presence of severe debris in the PVS
had a negative effect on subsequent embryo quality, whereas
fertilization was not seemingly affected. These results are similar to
those of Kuran et al., who reported that the presence of granules in
the PVS was positively correlated with poor embryo quality on
Day 3 (Kuran et al., 2023). In addition, as the amount of debris
gradually decreased with an increasing embryo culture time, these
means that the embryos themself can absorb some of it, so mild
debris in the PVS may have had little effect on subsequent embryo
development. These could be the reasons for the contradictory
conclusions of previous studies.

Oocyte quality is affected by many factors, such as advanced
age, genetic mutations, inappropriately controlled ovarian stimu-
lation protocols, and poor lifestyles (Vollenhoven & Hunt, 2018;
Figueira et al., 2015; Bosch et al., 2016). Few investigations have
focused on the origin of PVS inclusions. Hassan-Ali et al. noted
that PVS granularity was likely a physiological phenomenon
related to oocyte maturation status and was increased by the use of
high doses of Human Menopausal Gonadotropin (HMG)
(Hassan-Ali et al., 1998). Similarly, Kuran et al. reported that
especially prolonged antagonist induction was associated with the
presence of coarse granules in the PVS in their study population
(Kuran et al., 2023). However, the study by Farhi et al. did not
support this hypothesis, and their results revealed no difference
between patients with oocytes that repeatedly exhibited coarse
granulation in the PVS and control groups (Farhi et al., 2002). One
animal study suggested that coarse granulation in the PVS may
result from entrapment of cumulus cells in the PVS due to
abnormal development of the ZP during the early stages of
folliculogenesis (Rankin et al., 1999). A study by Kuran showed

Figure 4. Embryonic development of
oocytes at the third day.

Figure 5. The two transplanted embryos cultured in vitro for 18 h after thawing. (a) 8
cell grade II, (b) Early blastula.
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that coarse granules in the PVS had a distinct ultrastructure
associated with lipid structures (Kuran et al., 2023). In the present
case, debris in the PVS could degrade on its own over time; these
inclusions likely represent remnants of transzonal processes and
were withdrawn from the oocyte surface at LH-induced meiotic
resumption/ovulation, but further research is needed. It is still
difficult to analyze the cause of this abnormality. Daniele et al.
reported a similar feature of perivitelline space abnormality, but in
their case, the PVS inclusions could increase the PVS gradually
during the first few hours after the injection, stretching the ZP until
it broke (Ferri et al., 2023); this phenomenon was different from
our case. These results indicate that the origin and impact of PVS
inclusions are not singular. More research is needed to better
understand the nature of PVS inclusions, including their impacts
on fertilization, embryo development, implantation and survival.

In conclusion, this study presents a successful case of conception
following an ICSI procedure with all oocytes presenting debris in the
PVS. Although most embryos with debris in the PVS are of poor
quality, there is still hope for a successful pregnancy.
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