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Oocyte morphology

Morphological 
variations of oocytes

Intrinsic 
factors

Extrinsic 
factors

• Age
• Genetic 

• Stimulation protocols
• Ovarian response to 

COS
• Culture conditions
• Nutrition

Effect of oocyte morphology on embryo development and implantation 2006



Normal oocyte

• Clear

• Moderately granular cytoplasm

• Small perivitelline space

• Ovoid or round first polar body with smooth surface 

• Clear colourless zona pellucida

• Normal size:

• Whole size of oocyte is almost 150 µm

• Oocyte 115−120 μm

• Zona pellucida 15−20 μm

The oocyte. 2012



Ultra-structure of oocyte

Behaviour of cytoplasmic organelles and cytoskeleton during oocyte maturation, 2013



Is nuclear maturity alone enough to determine 
the competency of an oocyte??

Metaphase II human oocyte morphology: contributing factors and effects on fertilization potential and embryo developmental ability in ICSI cycles

No, it is not enough!!✓ Deficiency in cytoplasmic maturation 
influence on: 
o Oocyte activation
o Adequate fertilization
o Embryo development. 

✓ Disturbance or asynchrony of
these two processes: 

▪ Decline the oocyte quality
▪ Induce the different oocyte 

dysmorphisms



Abnormal oocyte morphology

➢Cumulus-enclosed oocytes

• Compact cumulus–oocyte complex 

• Sticky cumulus–oocyte complex 

• Expanded cumulus corona cell complex

➢Oocyte maturation stage

• GV

• M I

➢Deficiency in cytoplasm
fluidity

➢Oocyte size and shape

• Small & large oocyte

• Elongated MII oocyte

➢Cytoplasmic features

• Granular cytoplasm

• Centrally located granular

• Refractile body

• SER discs

• Vacuolated oocyte

➢Extracytoplasmatic features

• Thick and dense ZP 

• Perivitelline space

• Polar body

Fertilization and embryo quality of mature oocytes with specific morphological abnormalities 2015

It has been reported that a majority (60% to 70%) of retrieved oocytes exhibit one or more of 

these abnormal morphologic characteristics



When the first meiotic division takes 
place:

• Synchronous cytoplasmic maturation is characterized by:

▪ Ability to release calcium and cortical granules

▪ Mitochondrial changes

▪ Protein synthesis

▪ Cytoskeletal change

✓Despite the presence of normal genetic material, ooplasmic factors play an 
important role in the fertilization process that could be compromised by 
cytoplasmic abnormalities.

Metaphase II human oocyte morphology: contributing factors and effects on fertilization potential and embryo developmental ability in ICSI cycles



Oocyte anomalies 

• Intracytoplasmic and extracytoplasmic anomalies developed during the 
maturation process may lead to:

• Fertilization failure

• Chromosome aneuploidy

• Developmental impairment of the embryo despite normal fertilization

Oocytes recovered from stimulated IVF cycles:
Approximately 40% incidence of numerical chromosomal abnormalities. 

In addition, oocytes with abnormal cytoplasmic morphologies were found to have a high 
frequency of aneuploidy

Mature oocytes exhibiting severe cytoplasmic disorganization:
Lower intracytoplasmic pH

Lower adenosine triphosphate content
Increased incidence of aneuploidy and chromosomal scattering

Fertilization and embryo quality of mature oocytes with specific morphological abnormalities 2015
Metaphase II human oocyte morphology: contributing factors and effects on fertilization potential and embryo developmental ability in ICSI cycles



Oocyte maturation stage

• Normal COS 
85% MII
10% MI
5% GV

GV MI MII



Oocyte maturation stage

• The mechanisms to yield immature oocytes are not fully understood.

Oocyte maturity in repeated ovarian stimulation 2011

High prevalence of immature oocytes: 

• Using FSH alone rather than FSH and LH for ovarian stimulation
• GnRH antagonist rather than GnRH agonist 
• Short GnRH agonist protocol rather than long GnRH agonist 

protocol
• HCG trigger increased immature oocyte in compare to dual trigger



Deficiency in cytoplasm fluidity

• Related to cytoskeletal function and MII meiotic spindle 
structure

• Viscosity of the cytoplasm may constrain cell organelles and 
pronuclei in their movement 

• Impairing polarity and embryo development

Metaphase II human oocyte morphology: contributing factors and effects on fertilization potential and embryo developmental ability in ICSI cycles



Extracytplasmic oocyte morphology

• Physiologic maturation-related phenomenon.

Metaphase II human oocyte morphology: contributing factors and effects on fertilization potential and embryo developmental ability in ICSI cycles

Extracytplasmic oocyte morphology induced by:
Total dose of administered FSH

Hyperstimulation protocols



Extracytplasmic oocyte morphology

Metaphase II human oocyte morphology: contributing factors and effects on fertilization potential and embryo developmental ability in ICSI cycles
Fertilization and embryo quality of mature oocytes with specific morphological abnormalities 2015

Large perivitelline space:
Could be related to oocyte overmaturity

Letrozole administration
rFSH in compare to hMG increase

Debris in perivitelline space:
High levels of gonadotropin during stimulation

Increased oocyte yield and 

Perivitelline space granularity:
May be a sign of incomplete and premature exocytosis of cortical granules can occur 

Affect 15% oocyte 
May be a sign of gonadotropin overdose

High oocyte yield 



Defects of the ZP

• Defects of the ZP, including its color, shape, and thickness

• Associated with ultrastructural alterations in oocytes

Lower fertilization, 
implantation, and clinical 

pregnancy rates

Agonist cycles
Letrozole administration

Elevated basal FSH concentrations
r/u FSH administration

Effects of human menopausal gonadotropin on zona pellucida and pregnancy outcomes of ovarian stimulation protocols 2015
The impact of letrozole administration on oocyte morphology in breast cancer patients undergoing fertility preservation 2020



Defects of the ZP

• hMG administration changes in paracrine in ovarian follicle caused by LH 
such as cAMP and EGFR      

Increase the maturity of zona pellucida

✓ICSI improves the likelihood of fertilization of oocytes with abnormal zona 
pellucida, but cannot improve the clinical outcome.

Effects of human menopausal gonadotropin on zona pellucida and pregnancy outcomes of ovarian stimulation protocols 2015
The impact of letrozole administration on oocyte morphology in breast cancer patients undergoing fertility preservation 2020



Refractile body

• Refractile bodies are a very common inclusion consisting:

o Secondary lysosome with incorporated autophagy materials

o Lipid bodies

o Small autophagic vacuoles

o Necrotic regions

Decrease:
Fertilization rate until 

60% 
Embryo cleavage rate

Blastocyst development 
when >5 μm

Lipofuscin bodies in human oocytes as an indicator of oocyte quality 2007

Letrozole administration
hMG increase number of oocytes containing refractile body



Refractile body

• May occur during the growth phase of the oocytes when 
dominant follicles are being recruited into the 
preovulatory pathway. 

• May be related to conditions of the developing ovarian 
follicles, such as perifollicular blood circulation and 
follicular fluid composition. 

• Lipofuscin bodies in human oocytes were detected 
throughout meiotic maturation (GV, MI, MII stages)

Lipofuscin bodies in human oocytes as an indicator of oocyte quality 2007



Refractile body

• Recurrence in the same patient with repeated treatment cycles

• Usually associated with poor fertilization (2%) when IVF procedures were 
used. 

• Oocytes containing refractile bodies were usually fertilized normally using 
ICSI

Lipofuscin bodies in human oocytes as an indicator of oocyte quality 2007



Oocyte granulation

• Sign of oocyte cytoplasmic immaturity

• 50% of risk to occur it in early meiotic maturation

• Chromosomal abnormality may be a reason for cytoplasmic granulation

✓cytoplasmic granularity related to:

o The number of aspirated follicles 

o The number of retrieved oocytes

Antagonist protocol with a GnRH agonist trigger may improve 
ooplasm granularity and embryo quality.

Letrozole administration increase ooplasm granularity

IMPORTANCE OF CYTOPLASMIC GRANULARITY OF HUMAN OOCYTES IN IN VITRO FERTILIZATION TREATMENTS 2012
DOI: http://dx.doi.org/10.18203/2320-1770.ijrcog20161671 2016

http://dx.doi.org/10.18203/2320-1770.ijrcog20161671


Central granulation

• Due to cytoplasmic immaturity associated with mitochondrial disturbance

Impact of oocytes with CLCG on ICSI outcomes and their potential relation to pesticide exposure 2017
Gonadotrophin-releasing hormone agonist triggering may improve central oocyte granularity and embryo quality 2020
DOI: http://dx.doi.org/10.18203/2320-1770.ijrcog20161671 2016

Lower implantation
Ongoing pregnancy rates 

Higher embryo aneuploidy 
rate

Letrozole administration increase dense central granulation
u/rFSH stimulation increase oocytes with dense central granulation in compare to hMG
r/FSH stimulation increase oocytes with dense central granulationin compare to u/FSH

http://dx.doi.org/10.18203/2320-1770.ijrcog20161671


First polar body morphology

• The first polar body is related to oocyte viability

• A prognostic tool to predict oocyte performance and pregnancy outcome

• Distinguishing the post-ovulatory age of the oocyte

Relationship between first polar body morphology before intracytoplasmic sperm injection and fertilization rate, cleavage rate, and embryo quality 2009

Poorer rates of fertilization, 
cleavage, and top quality 

embryos.

hMG administration decreased the PB abnormality



First polar body morphology

Relationship between first polar body morphology before intracytoplasmic sperm injection and fertilization rate, cleavage rate, and embryo quality 2009

Intact first PB and of a normal perivitelline space:
Better synchrony between the cytoplasmic and nuclear maturation 

Better oocyte quality



Vacuoles

• Vacuoles are large vesicles

• Frequency of 3.9 %

• Related with the absorption of perivitelline space fluid 

• Displace the meiotic spindle from its polar position 

• Disturb the cytoskeleton resulting in fertilization failure

Ultrastructural and cytogenetic analyses of mature human oocyte dysmorphisms with respect to clinical outcomes 2016

Decreased  the 
fertilization rate in 
multiple vacuoles 

or vacuoles >14

Birth of a newborn with a major malformation (double left kidney and ureter)



SER clusters

• Smooth endoplasmic reticulum aggregation 

• Frequency of 1.7 % - 9%

Ultrastructural and cytogenetic analyses of mature human oocyte dysmorphisms with respect to clinical outcomes 2016

Ultrastructure of tubular smooth endoplasmic reticulum aggregates in human metaphase II oocytes and clinical implications 2009

Lower blastocyst formation, 
embryo quality, implantation and 

pregnancy rate
Higher abortion rate, preterm 

birth and neonatal death
Lower live birth delivery rate and 

birth weight 
And neonatal with multiple 

anomalies GnRH agonist cycles
Duration of the stimulation 

The required dose of gonadotropins 
Letrozole administration

rFSH increase in compare to HMG
Higher estradiol level on the hCG day in the GnRH agonist cycles



SER clusters

• In oocyte maturation, fertilization and embryo development, Ca signaling 
by SER plays an important role

• SER aggregation disrupts this processes 

Smooth endoplasmic reticulum aggregations in all retrieved oocytes causing recurrent multiple anomalies: case report 2009

2018

Array CGH result showing the 2q31.1q32.1 deletion

Normal karyotyping
holoproencephaly, cyclopia, and single artery in umbilical cord 

patent ductus arteriosus, disgenesis of the cerebral sulcus, variation of septum pellicidum, and 
closed external meatus of the right ear



In conclusion 

In stimulated cycles, pharmacologic doses of 
gonadotropins create a supraphysiologic hormonal 
environment that induces the growth of a cohort of 

follicles, which, under natural conditions, would become 
atretic and regress

GnRH agonist versus GnRH antagonist in assisted reproduction cycles: oocyte morphology 2012



In conclusion

The effect of HMG and recombinant human FSH on oocyte quality: a randomized single-blind clinical trial 2015
Controlled Ovarian Stimulation with recombinant-FSH plus recombinant-LH vs. human Menopausal Gonadotropin based on the number of retrieved oocytes: results from a routine clinical 
practice in a real-life population 2015
Impact of highly purified versus recombinant follicle stimulating hormone on oocyte quality and embryo development in intracytoplasmic sperm injection cycles 2011

rFSH and hMG have very little effects on oocyte morphometry!

hMG association were similarly effective in generating a clinical pregnancy when less 
than 8 oocytes were retrieved, but rFSH were significantly more effective when 8 or 

more oocytes were available.



In conclusion

The effect of HMG and recombinant human FSH on oocyte quality: a randomized single-blind clinical trial 2015
Controlled Ovarian Stimulation with recombinant-FSH plus recombinant-LH vs. human Menopausal Gonadotropin based on the number of retrieved oocytes: results from a routine 
clinical practice in a real-life population 2015
Sequential protocol with urinary-FSH/recombinant-FSH versus standard protocol with recombinant-FSH in women of advanced age undergoing IVF 2014
DOI: http://dx.doi.org/10.18203/2320-1770.ijrcog20161671 2016

▪ The normal morphology of oocytes were 
significantly enhanced in hMG group.

▪ Sequential protocol using u-FSH and 
subsequently r-FSH may improve the IVF 
outcome in patients of advanced reproductive 
age.

▪ Patients of advanced reproductive age exhibited 
a better response to uFSH than to rFSH



In conclusion

• Possible advantage of GnRH triggering over 
hCG triggering:

• Simultaneous induction of an FSH surge, 
comparable with the surge of the natural 
cycle

• FSH has been shown to induce LH receptor 
formation in luteinizing granulosa cells

• Optimizing the function of the corpus luteum

• FSH has been reported to specifically promote 
oocyte nuclear maturation

Gonadotropin-releasing hormone agonist (GnRHa) trigger 2017
Gonadotrophin-releasing hormone agonist triggering may improve central oocyte granularity and embryo quality 2020




