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CHAPTER ONE

The oocyte
Laura Rienzi, Basak Balaban, Thomas Ebner
and Jacqueline Mandelbaum

Contents
Introduction
A. Cumulus-enclosed oocyte
B. Oocyte maturation stage
C. Oocyte size and shape
D. Cytoplasmic features

D.1 Ooplasm
D.2 Metaphase plate

E. Extracytoplasmic features

E.1 Zona pellucida
E.2 Perivitelline space
E.3 Polar body

Introduction
The female gamete plays a crucial role in determining embryo compe-
tence and therefore in vitro fertilization (IVF) results. Oocyte quality is
not only influenced by the nuclear and mitochondrial genome, but also
by the microenvironment provided by the ovary and the pre-ovulatory
follicle that influences transcription and translation, and as a conse-
quence, cytoplasmic maturity. In contrast to in vivo processes, the ap-
plication of ovarian hormone stimulation protocols for IVF bypasses the
complicated selection procedure that usually occurs during oocyte de-
velopment and maturation of a single oocyte for ovulation, and allows
for the maturation of many oocytes, often with compromised quality.

It has been speculated (Van Blerkom and Henry, 1992) that some
morphological irregularities, which can easily be assessed at the light
microscopy level, may reflect a compromised developmental ability
of the oocytes and could therefore represent a useful tool for selecting
competent oocytes prior to fertilization. Oocyte morphological as-
sessment in the laboratory is first based on the presentation of the
cumulus–corona cells. For mature oocytes, the cumulus–corona
mass should appear as an expanded and mucified layer, due to
active secretion of hyaluronic acid. This extracellular matrix molecule
interposes between the cumulus cells (CCs), separating them and
conferring to the cumulus–corona mass a fluffy ‘cloud-like’ appear-
ance. However, stimulated cycles may be characterized by asynchrony
between the nuclear maturation status of the oocyte and the expan-
sion of the cumulus–corona cell mass. This has been suggested to be
caused by a different sensitivity of the oocyte and the cumulus–corona
mass to the stimulants (Laufer et al., 1984).

Following the removal of the cumulus–corona cells in preparation
for intracytoplasmic sperm injection (ICSI), oocyte evaluation is
more accurate and is based on the nuclear maturation status, the
morphology of the cytoplasm and on the appearance of the extracy-
toplasmic structures. The presence of the first polar body (PBI) is nor-
mally considered to be a marker of oocyte nuclear maturity. However,
recent studies using polarized light microscopy have shown that
oocytes displaying a polar body may still be immature (Rienzi et al.,
2005). Only those displaying a meiotic spindle (MS) can in fact be con-
sidered as true, mature, Metaphase II (MII) stage oocytes. The pres-
ence, position and retardance of the MS have been suggested to be
related to developmental competence. In accordance with a recent
meta-analysis (Petersen et al., 2009), however, only in vitro develop-
ment can be related to the morphology of the MS. Analyses of in
vivo development are relatively rare in the literature and the
meta-analysis failed to show significant differences in implantation
rates between embryos derived from oocytes displaying a detectable
MS and those without.

Nuclear maturity alone is, in fact, not enough to determine the
quality of an oocyte. Nuclear and cytoplasmic maturation should be
completed in a coordinated manner to ensure optimal conditions
for subsequent fertilization. An ideal mature human oocyte, based
on morphological characteristics, should have a ‘normal-looking’ cyto-
plasm, a single polar body, an appropriate zona pellucida (ZP) thick-
ness and proper perivitelline space (PVS; Swain and Pool, 2008).
However, the majority of the oocytes retrieved after ovarian hypersti-
mulation exhibit one or more variations in the described ‘ideal’ mor-
phological criteria (De Sutter et al., 1996; Xia, 1997; Balaban et al.,
1998; Mikkelsen and Lindenberg, 2001; Balaban and Urman, 2006;
Ebner et al., 2006; Rienzi et al., 2008). This is also true for oocytes
obtained from proven fertile donors (Ten et al., 2007). Morphology,
moreover, often fails to predict fertilizing ability and developmental
competence (Rienzi et al., 2011). Only a few morphologically detect-
able features of the Metaphase II oocyte indicate compromised devel-
opmental ability. According to the Istanbul consensus workshop on
embryo assessment (Alpha Scientists in Reproductive Medicine and
ESHRE Special Interest Group of Embryology, 2011) extracytoplasmic
anomalies (PBI morphology, PVS size, the appearance of the ZP) are
simply phenotypic variations often related to in vitro culture and/or
oocyte aging. On the other hand, a special deviation in the cytoplasmic
texture, namely the presence of aggregations of smooth endoplasmic
reticulum (SER) is potentially lethal and developmental competence of
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these oocytes should be interpreted with caution. Oocyte morph-
ology may also reflect genetic abnormalities. This is the case for
giant oocytes that contain one additional set of chromosomes.
These oocytes, when observed with polarized light microscopy,
display two distinct MS. Although, the occurrence of giant oocytes is
relatively rare after ovarian hyperstimulation, the use of these cells
for IVF is dangerous.

Owing to the complex mechanisms related to oocyte maturation
and acquisition of competence, it is unlikely that a single characteristic
(with the exception of oocyte size and the presence of SER aggre-
gates) can adequately reflect the quality of the cell. Accordingly, to
obtain information about the competence of the oocyte, morpho-
logical assessment should be combined with other approaches (i.e.
cumulus–corona cell gene expression, metabolomics and oxygen con-
sumption). Further predictive value could be obtained by combining
the oocyte evaluation with evaluations of preimplantation develop-
ment (pronuclear stage, cleavage stage and blastocyst stage).

A. Cumulus-enclosed oocytes
During follicular antrum formation, granulosa cells (GCs) differentiate
into mural GCs, lining the follicular wall, and CCs, surrounding the
oocyte. Within the cumulus mass, CCs in close contact with the
oocyte (corona cells) develop cytoplasmic projections which cross
the ZP and form gap junctions with the oolemma. This organized
structure is called the cumulus–oocyte complex (COC; Fig. 1; Alber-
tini et al., 2001). In natural spontaneous cycles, oocyte nuclear matur-
ation runs parallel to the gradual FSH-dependent expansion of the
cumulus and corona cells, whereas this synchrony may be disturbed
in stimulated cycles (Laufer et al., 1984). Immature COCs (Fig. 2),
commonly retrieved from small follicles during in vitro maturation
(IVM) cycles, show a typically unexpanded cumulus with multilayers
of compact GCs adhering to the ZP of an immature oocyte at pro-
phase I [germinal-vesicle stage (GV); Figs 3 and 4]. IVM of such imma-
ture COCs aims for expansion of CCs and oocyte nuclear maturation.

Figure 1 Cumulus–oocyte complex obtained following ovarian
stimulation. The oocyte is typically surrounded by an expanded
cumulus corona cell complex. Note the outer CCs separated from
each other by extracellular matrix and the corona cells immediately
adjacent to the oocyte becoming less compact and radiating away
from the ZP. PB1 is located at the 1 o’clock position.

Figure 2 A cumulus–oocyte complex recovered from an IVM
cycle showing an oocyte surrounded by unexpanded, compact
cumulus and corona cells.

Figure 3 A cumulus–oocyte complex recovered from an IVM
cycle. The immature GV oocyte is surrounded by compact GCs.
The nucleolus in the GV is visible at the 10 o’clock position.

Figure 4 A cumulus–oocyte complex recovered from an IVM
cycle. The immature oocyte has a GV at the 3 o’clock position
with the nucleolus towards the centre of the oocyte. Compact
GCs surround the oocyte.

The oocyte i3
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In stimulated cycles, 34–38 h after triggering ovulation, a typical
mature pre-ovulatory COC displays radiating corona cells surrounded
by the expanded, loose mass of CCs (Fig. 5). In the majority of
expanded COCs, oocytes are mature at the MII stage, although it is
possible after gonadotrophin stimulation to find in a mucified
cumulus and radiating corona cells an immature oocyte at the GV
or metaphase I (MI) stage (Fig. 6). It is common, in stimulated
cycles, to recover COCs with an expanded cumulus cell mass but
compact, non-radiating corona cells (Figs 7a, 8a and 9a). Indeed, at re-
covery, the presence of the surrounding cumulus and corona cells
usually prevents identification of the PBI in the PVS, an indicator of
successful completion of meiosis I with arrest at the MII stage of de-
velopment (Fig. 1). In preparation for ICSI, oocyte denudation is per-
formed via enzymatic action of hyaluronidase (Figs 7b , 8b and 9b) and

mechanical pipetting, allowing the accurate determination of the
oocyte nuclear status (Figs 7c , 8c and 9c).

The Alpha-ESHRE consensus document states that, although there
is little corroborated evidence to support a correlation between the
appearance of the COC and embryo developmental competence, a
binary score (0 or 1) with a ‘good’ COC (score 1) defined as
having an expanded cumulus and a radiating corona should be docu-
mented (Alpha Scientists in Reproductive Medicine and ESHRE
Special Interest Group of Embryology, 2011).

The bidirectional communication between the oocyte and CCs,
crucial for the acquisition of oocyte competence (Gilchrist et al.,
2008), might perhaps be investigated in the future, through non-
invasive analysis of CCs (pattern of gene expression or protein synthe-
sis), offering new biomarkers of oocyte quality, compensating for the
inadequacy of the COC morphological assessment (Feuerstein et al.,
2007; Ouandaogo et al., 2011).

B. Oocyte maturation stage
The removal of the cumulus–corona cell mass gives the unique oppor-
tunity to evaluate oocyte morphology prior to fertilization, and in par-
ticular, the nuclear maturation stage. Oocyte nuclear maturity, as
assessed by light microscopy, is assumed to be at the MII stage
when the PBI is visible in the PVS (Figs 10 and 11). The MII stage is
characterized by the alignment of the homologous chromosomes on
the spindle equatorial plate during metaphase of the second meiotic
division. It is generally recognized that 85% of the retrieved oocytes
following ovarian hyperstimulation display the PBI and are classified
as MII, whereas 10% present an intracytoplasmic nucleus called the
‘germinal vesicle’ (GV; Figs 12–14), characteristic of prophase I of
the first meiotic division. Approximately 5% of the oocytes have
neither a visible GV nor PBI and these oocytes are generally classified
as MI oocytes (Figs 15–17; Rienzi and Ubaldi, 2009). These oocytes
may, however, be at the GV breakdown stage where the nuclear en-
velope has broken down but has not as yet progressed to true MI
where the chromosomes are aligned on the metaphase plate in prep-
aration for the completion of the first meiotic division.

Additional information on oocyte nuclear status can be obtained
with the use of polarized light microscopy combined with software
for image processing for the non-invasive visualization of the MS and
other oocyte birefringent structures. The MS is a microtubular struc-
ture involved in chromosome segregation, and therefore is crucial in
the sequence of events leading to the correct completion of meiosis
and subsequent fertilization. Parallel-aligned MS microtubules are bi-
refringent and able to shift the plane of polarized light inducing a retar-
dance; these properties enable the system to generate contrast and
image the MS structure (Oldenbourg, 1999; Fig. 18). The presence of
the MS gives more accurate information about the nuclear stage of the
oocyte. In particular, some oocytes can be immature (at the stage of
early telophase I) when observed with polarized light microscopy,
despite the presence of PBI in the PVS. At this stage, in fact, there is con-
tinuity between the ooplasm of the oocyte and the forming PBI and the
MS is interposed between the two separating cells (Figs 19–22). This
condition normally has a duration of 75–90 min. The MS has been
found to disappear in late telophase I (Fig. 23), reforming only 40–
60 min later (Montag et al., 2011). However, it must be underlined
that other factors, such as sub-optimal culture conditions, temperature

Figure 6 A cumulus–oocyte complex obtained following ovarian
stimulation. An expanded cumulus corona cell complex surrounds
the oocyte with the outer CCs separated from each other by extra-
cellular matrix. The CCs immediately adjacent to the oocyte become
less compact and radiate away from the ZP. The oocyte in the figure
can be clearly seen through the surrounding cells at high magnification
and no polar body can be seen in the PVS despite the mature status
of the cumulus–corona cells.

Figure 5 A cumulus oocyte complex at low magnification. The
oocyte is surrounded by an expanded cumulus–corona cell complex
clearly showing the separation of individual CCs due to the accumula-
tion of hyaluronic acid in the extracellular space.

i4 Rienzi et al.
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fluctuations and chemical stress during manipulation, can contribute to
MS disassembly (Rienzi and Ubaldi, 2009). Finally, the percentage of
oocytes with detectable MS is also related to the time elapsed from
HCG administration and is higher after 38 h (Cohen et al., 2004). In
general, it is expected that at least 80% of oocytes recovered following
ovarian hyperstimulation are MS positive when viewed by polarized light
microscopy.

C. Oocyte size and shape
A critical oocyte size is necessary for resumption of meiosis (Otoi
et al., 2000). At the beginning of oocyte growth, size is determined
by strong adhesion between the oolemma and the inner zona
surface (Tartia et al., 2009). Around ovulation GLYT1 is activated

Figure 7 Denudation sequences of a mature oocyte. (a) Cumulus–corona oocyte complex before the denudation process with non-radiating CCs.
(100× magnification). (b) Oocyte surrounded by corona cells during hyaluronidase treatment (200× magnification). (c) Denuded oocyte after mech-
anical stripping, a visible polar body is present in the PVS (200× magnification).

Figure 8 Denudation sequences of a mature oocyte. (a) Cumulus–corona oocyte complex before the denudation process (100× magnification).
CCs are abundant. (b) Oocyte surrounded by corona cells during hyaluronidase treatment (200× magnification). Many CCs are still present, but the
mature oocyte is already visible with PB1 at the 7 o’clock position. (c) Denuded oocyte after mechanical stripping, a visible polar body is present in the
PVS (200× magnification).

Figure 9 Denudation sequences of a mature oocyte. (a) Cumulus–corona oocyte complex before the denudation process with compact, non-ra-
diating CCs. (100× magnification). (b) Oocyte surrounded by corona cells during hyaluronidase treatment (200× magnification). (c) Denuded oocyte
after mechanical stripping, a visible polar body is present in the PVS (200× magnification).

The oocyte i5
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Figure 10 Denuded MII oocyte; an intact PBI is clearly visible in
the PVS (400× magnification).

Figure 11 Denuded MII oocyte; the PBI is clearly visible in the
narrow PVS (400× magnification).

Figure 12 Denuded GV oocyte. A typical GV oocyte with an ec-
centrically placed nucleus and a prominent single nucleolus (400×
magnification).

Figure 13 Denuded GV oocytes. Several GV with the organelles
condensed centrally within the cytoplasm (200× magnification).

Figure 14 Denuded GV oocyte. A GV oocyte that is possibly
approaching GVBD as the nuclear membrane is not distinct over its
entirety (400× magnification).

Figure 15 Denuded MI oocyte. This oocyte has no visible nucleus
and has not as yet extruded the PBI (400× magnification). PVS is typ-
ically narrow.

i6 Rienzi et al.
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which mediates glycin accumulation which in turn acts as an osmolyte
and thus controls cell volume (Baltz and Tartia, 2009).

The mean ovarian diameter of MII oocytes may vary substantially
(Fig. 24) but it is not related to fertilization or developmental quality
of human ICSI embryos at the cleavage stage of development
(Romão et al., 2010). The situation is different with giant oocytes
(Balakier et al., 2002; Rosenbusch et al., 2002). This type of oocyte
has about twice the volume of a normal oocyte (about 200 mm)
and is tetraploid before meiosis due to their origin, i.e. nuclear but
no cytoplasmic division in an oogonium or cytoplasmic fusion of two
oogonia. These mechanisms explain the binucleate appearance of

Figure 16 Denuded MI oocyte with no visible nucleus and no PBI
(400× magnification). Some CCs are still tightly adhered to the ZP.

Figure 17 Denuded MI oocyte without a visible nucleus or an
extruded PBI (400× magnification).

Figure 18 MII oocyte visualized using polarized light microscopy
(400× magnification). The polar body is present at the 6 o’clock pos-
ition in the PVS, and the MS of the second meiotic division is visible in
the cytoplasm perfectly aligned to PB1 position. This is a fully mature
MII oocyte.

Figure 19 Telophase I oocyte visualized using polarized light mi-
croscopy (400× magnification). PB1 is present in the PVS;
however, the MS can be seen between PB1 and the oocyte cytoplasm
indicating that this oocyte is still completing the first meiotic division.
This is not yet a fully mature MII oocyte.

Figure 20 Telophase I oocyte visualized using polarized light mi-
croscopy (400× magnification). The MS can be seen between PB1
and the oocyte cytoplasm indicating that the first meiotic division is
not yet completed.

The oocyte i7
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prophase I giant eggs (Figs 25 and 26). These oocytes always contrib-
ute to digynic triploidy (Figs 27 and 28) and must never be transferred,
although the presence of at least one giant oocyte in a cohort of
retrieved eggs (Figs 29 and 30) has no effect on treatment outcome
(Machtinger et al., 2011).

It is evident that oocytes with extreme forms of shape anomaly exist
(Figs 31 and 32; Paz et al., 2004; Esfandiari et al., 2005). Such ova have
been shown to be fertilizable and may lead to the birth of healthy
babies. While quantifying the degree of the elongation, some
authors (Ebner et al., 2008) realized that the dimensions of the
shape anomaly were neither correlated with fertilization nor embryo
quality. However, when oocytes with ovoid zonae (Figs 33 and 34)
develop, day 2 embryos show a flat array of blastomeres rather
than the more traditional tetrahedral arrangement and further devel-
opment is often delayed (Ebner et al., 2008).

Rarely, two oocytes can be found within the one follicular complex.
Each oocyte is usually surrounded by a ZP but the ZP immediately
between the two oocytes is commonly shared rather than duplicated
(Fig. 35). It is not uncommon for these conjoined oocytes to show dif-
ferent nuclear maturational states. It has been suggested that such
oocytes may play a role in producing dizygotic twins; however, even
when both of the conjoined oocytes are mature it is rare that both
fertilize and no pregnancies have been reported from such oocytes
(Rosenbusch and Hancke, 2012).

D. Cytoplasmic features

D.1 Ooplasm
It has been shown in the literature that severe dysmorphisms of the
cytoplasmic texture impairs the developmental and implantation po-
tential of the embryo (Balaban and Urman, 2006). Although a

Figure 21 Telophase I oocyte visualized using polarized light mi-
croscopy (400× magnification). PB1 is present in the PVS at the 3
o’clock position; however, the MS is still bridging PB1 and the
oocyte cytoplasm indicating that this oocyte is not yet a fully
mature MII oocyte.

Figure 22 Telophase I oocyte visualized using polarized light mi-
croscopy (400× magnification). The MS can be seen between PB1
and the oocyte cytoplasm indicating that this oocyte is still completing
the first meiotic division despite the extrusion of PB1 in the PVS.

Figure 23 Interphase oocyte (between the first and second
meiotic division; Prophase II) visualized using polarized light micros-
copy (400× magnification). PB1 is present in the PVS at the 6
o’clock position; however, the MS of the second meiotic division is
not yet visible in the cytoplasm. This is not yet a fully mature MII
oocyte.

Figure 24 Small MII oocyte (right) next to a normal-sized MII
oocyte (left) from the same cohort (200× magnification).

i8 Rienzi et al.
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homogeneous, normal cytoplasm is expected in recovered oocytes
(Figs 36 and 37), the biological significance of different degrees of het-
erogeneity in the ooplasm is unknown. Based on current evidence,
slightly heterogeneous cytoplasm may only represent normal variability

Figure 25 Giant oocyte with two apparent GVs (in an eccentric
position). This is a tetraploid oocyte originating from the fusion of
two separate oocytes (400× magnification).

Figure 26 Giant oocyte with two apparent GVs (centrally located
and juxtapposed). This tetraploid oocyte originates from the fusion of
two separate oocytes and is usually tetraploid (400× magnification).

Figure 27 Giant MII oocyte visualized using bright field (left) and
polarized light microscopy (right). The oocyte contains two distinct
polar bodies and two distinct MSs at opposing poles of the oocyte.

Figure 28 Giant MII oocyte visualized at high power using polar-
ized light microscopy. The two distinct MSs can be observed in the
cytoplasm. One MS is from the MI (10 o’clock position) and the
other is from MII (6 o’clock position; 400× magnification).

Figure 29 Giant oocyte (right) next to normal-sized oocyte (left;
200× magnification).

Figure 30 Giant oocyte (right) next to normal-sized oocyte (left;
200× magnification). No PB1 is visible in the giant oocyte.

The oocyte i9
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Figure 31 Elongated MII oocyte inside an elongated ZP. Note the
PVS appears relatively normal (400× magnification).

Figure 32 Elongated MII oocyte within a grossly distended and
irregular ZP (200× magnification).

Figure 33 Ovoid MII oocyte. Note the ZP is also ovoid in appear-
ance and the PVS is enlarged at both poles (200× magnification).

Figure 34 Ovoid MII oocyte. Note the ZP is also ovoid in appear-
ance permitting the PVS to remain relatively normal (200×
magnification).

Figure 35 Two oocytes enclosed within a single ZP (400×
magnification).

Figure 36 Normal homogenous cytoplasm in an MII oocyte
(400× magnification).
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among retrieved oocytes rather than being an abnormality of develop-
mental significance (Alpha Scientists in Reproductive Medicine and
ESHRE Special Interest Group of Embryology, 2011).

Granularities of the cytoplasm (Figs 38–41) are poorly defined in
the literature and may depend on the modulation of the optical
path used in phase contrast microscopy. These morphological devia-
tions should be carefully distinguished from inclusions such as refractile
bodies or lipofuscin bodies (Otsuki et al., 2007; Fig. 42) and organelle
clustering which is also described as very condensed centralized granu-
larity detectable by any form of microscopy (Figs 43–45; Alpha Scien-
tists in Reproductive Medicine and ESHRE Special Interest Group of
Embryology, 2011).

One of the most important severe cytoplasmic abnormalities of MII
oocytes is the appearance of SER clusters (SER discs) within the cyto-
plasm. SER discs can be identified as translucent vacuole-like struc-
tures in the cytoplasm by phase contrast microscopy (Figs 46 and
47). Evidence-based data clearly demonstrates that the embryos
derived from oocytes with SER discs are associated with the risk of
serious, significantly abnormal outcomes (Balaban and Urman, 2006;

Figure 37 Normal homogenous cytoplasm in an MII oocyte
(400× magnification). ZP is dense and homogeneous.

Figure 38 MII oocyte with granular cytoplasm (400× magnifica-
tion). ZP is thicker in the lower-left part of the oocyte in this view.

Figure 39 MII oocyte with granular cytoplasm (400× magnifica-
tion). ZP is also abnormal with marked differences in thickness.

Figure 40 MII oocyte with granular cytoplasm. This figure can be
considered as a slight deviation from normal homogeneous cytoplasm
(400× magnification).

Figure 41 MII oocyte with a high degree of cytoplasmic granular-
ity/degeneration (400× magnification). PB1 is larger than normal
size.
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Figure 42 A large refractile body can be seen within the oocyte
cytoplasm (400× magnification).

Figure 43 MII oocyte showing a very large centrally located granu-
lar area occupying the majority of the cytoplasm. This granularity is
typical of organelle clustering.

Figure 44 MII oocyte showing a large centrally located granular
area in the cytoplasm denoting organelle clustering.

Figure 45 MII oocyte showing organelle clustering forming a large
centrally located granular area in the cytoplasm. ZP has an irregular
shape.

Figure 46 MII oocyte showing plaques of dilated SER discs in the
cytoplasm (400× magnification). The SER discs can be clearly distin-
guished from the fluid-filled vacuoles pictured in Figs 48–51. The
cytoplasm looks heterogeneous with granularity (on the left) and
areas devoid of organelles toward the 12 o’clock position in this view.

Figure 47 MII oocyte showing plaques of dilated SER discs in the
cytoplasm (400× magnification). The PVS is enlarged and PB1 is
fragmented.
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Ebner et al., 2006). It is recommended that oocytes with this feature
should not be used for injection, and sibling oocytes should be add-
itionally examined for the presence of either a single SER disc or a
series of smaller plaques (Alpha Scientists in Reproductive Medicine
and ESHRE Special Interest Group of Embryology, 2011).

Vacuoles within the cytoplasm are defined as fluid-filled structures
which can be more easily noticeable and differ from SER discs
(Figs 48–51). Small vacuoles of 5–10 mm in diameter are unlikely to
have a biological consequence, whereas large vacuoles .14 mm are
associated with fertilization failure. In oocytes that are fertilized,
those vacuoles that persist beyond syngamy can interfere with cleav-
age planes, resulting in a lower blastocyst rate (Alpha Scientists in Re-
productive Medicine and ESHRE Special Interest Group of
Embryology, 2011).

D.2 Metaphase plate
It has been shown that the presence of a detectable birefringent MS
inside the oocyte cytoplasm of human MII oocytes (Fig. 52) might
be an indicator of oocyte quality such as fertilization and

Figure 48 Vacuolated oocyte. Depicts an oocyte with several
small vacuoles distributed throughout the oocyte cytoplasm (200×
magnification).

Figure 49 Vacuolated oocyte. This oocyte has a single large
vacuole occupying almost half of the oocyte cytoplasm (200×
magnification).

Figure 50 Vacuolated oocyte. This oocyte has a single large
vacuole in a dark, granular cytoplasm (200× magnification).

Figure 51 Vacuolated oocyte. Depicts an oocyte with a single
small vacuole in the oocyte cytoplasm (400× magnification).

Figure 52 MII oocyte with a normal-shaped MS observed using
confocal microscopy.
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developmental ability; however, retrospective analysis of results from
published articles have been found to be controversial (Borini et al.,
2005). A recent meta-analysis showed that although the visibility of
the MS of MII oocytes is correlated with fertilization and embryo
quality till the blastocyst stage of development, data were insufficient
to demonstrate an impairment of the clinical pregnancy and implant-
ation rates (Petersen et al., 2009). The main reason for the controver-
sial findings was that some of the studies did not take into
consideration the dynamics of spindle formation that are highly vari-
able during the oocyte maturation stages as well as by confounding
technical issues related to oocyte handling. It has been shown that
spindle visualization changes during maturation, with a disappearance
of the spindle for �1 h expected during the maturation of MI to PBI
extrusion at telophase I and then re-formation at the MII stage. The
microtubules of the MS are highly sensitive to chemical (hyaluronidase)
and physical changes (temperature and pH variations) that may occur
during oocyte handling and a reversible disappearance of the spindle
can be expected during these technical preparations (Rienzi et al.,
2003; De Santis et al., 2005; Montag et al., 2006).

The spindle structure, when detectable, is not always aligned with
the PBI in MII oocytes, and the relationship between the degree of
MS deviation from the location of the PBI may also play a role in clinical

outcome (Rienzi et al., 2003, 2005; Figs 53–58). Although it has been
shown that there is no relationship between the displacement of the
PBI with regard to the MS position on fertilization outcomes and
embryo quality (Rienzi et al., 2003; Rama Raju et al., 2007), fertilization
is impaired when the displacement is .90% (Rienzi et al., 2003;
Figs 59 and 60). Slight shifts in the position of the PBI may also be
related to physical displacement during the denudation processes,
and can be reversible. However, when the displacement is so great
because of inappropriate handling, it could cause irreversible
damage to the oocyte structure.

Therefore, a precise sequential analysis of MS imaging should be
performed after possible chemical and physical changes and immedi-
ately prior to ICSI if MS characteristics are to be used as possible
markers of oocyte quality and viability.

E. Extracytoplasmatic features
By definition, extracytoplasmic anomalies of the egg include all dys-
morphisms related to the ZP, PVS and the polar body of the
mature oocyte.

Figure 53 MII oocyte observed using polarized light microscopy
with a visible MS just below PB1 (400× magnification).

Figure 54 MII oocyte observed using polarized light microscopy
with a visible MS near to PB1 (400× magnification).

Figure 55 MII oocyte observed using polarized light microscopy
with a visible MS just below PB1 that appears fragmented (two frag-
ments). (400× magnification).

Figure 56 MII oocyte observed using polarized light microscopy.
The MS is clearly visible near to PB1 (400× magnification).
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E.1 Zona pellucida
Any alterations in ZP appearance could be caused by secretion and
patterning problems of the glycoprotein matrix (Shen et al., 2005).
Since apparent changes in thickness (Figs 61–64) or complete
absence of the ZP are extremely rare (Stanger et al., 2001), more
subtle changes in the three-dimensional structure are most frequently
observed. Since the inner layer of the zona is highly ordered, it can
clearly be visualized using polarized light (Figs 65–68; Pelletier et al.,
2004). Embryos with a good prognosis in terms of blastocyst forma-
tion and pregnancy can be predicted when viewed using polarized
light (Montag et al., 2008; Ebner et al., 2010).

The degree to which discoloration of the ZP contributes to the bi-
refringence of the outer shell is not known; however, it has been sug-
gested that successful fertilization, embryo development and
pregnancy can be achieved after transfer of embryos derived from
brown zonae (Figs 63 and 64; Esfandiari et al., 2006).

Figure 57 MII oocyte observed using polarized light microscopy
with a visible MS slightly dislocated from PB1 at the 7 o’clock position
in this view (400× magnification).

Figure 58 MII oocyte observed using polarized light microscopy
with a visible MS dislocated about 808 from PB1 at the 1 o’clock pos-
ition in this view (400× magnification).

Figure 59 MII oocyte observed using polarized light microscopy
with a visible MS highly dislocated (about 1358) from PB1 at the 6
o’clock position in this view (400× magnification).

Figure 60 MII oocyte observed using polarized light microscopy
with a visible MS highly dislocated (slightly more than 908) from
PB1 at the 8 o’clock position in this view (400× magnification).

Figure 61 MII oocyte with a thick and dense ZP (200×
magnification).

The oocyte i15

 by guest on Septem
ber 10, 2012

http://hum
rep.oxfordjournals.org/

D
ow

nloaded from
 

http://humrep.oxfordjournals.org/


Figure 62 MII oocyte with a thick ZP (200× magnification).

Figure 63 MII oocyte with a thick and dark ZP. Some inclusions
are visible in the ooplasm.

Figure 64 MII oocyte with a thick and dark ZP whose thickness is
not homogeneous

Figure 65 MII oocyte observed using polarized light microscopy
with a clear birefringent ZP inner layer. The MS is dislocated from
PB1 by almost 908.

Figure 66 MII oocyte observed using polarized light microscopy
with a clear birefringent ZP inner layer. The MS is also clearly
visible at the 3 o’clock position in this view.

Figure 67 MII oocyte showing different degrees of ZP inner layer
birefringence. The figure has a high degree of birefringence.
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Another rare finding is grossly abnormally shaped ZP with what
could be either duplication of the inner layer of the ZP or a tear in
the layers of the ZP creating an intrazonal space (Figs 69–71).

E.2 Perivitelline space
Several authors have noted that approximately one-third of all ova
show a large PVS, a dysmorphism that was found to be negatively cor-
related with fertilization rate and embryo quality (Xia, 1997; Rienzi
et al., 2008). Data from the literature indicate that a large PVS
(Figs 72–74) may be ascribed to over-mature eggs (Mikkelsen and Lin-
denberg, 2001; Miao et al., 2009). In other words, such eggs have
shrunk in relation to the ZP presenting a large gap between the
oocyte and surrounding zona. A large PVS would also occur if a
larger portion of cytoplasm is extruded together with the haploid
chromosomal set during PBI formation. This would result in a large
PBI and as a consequence a large PVS.

Figure 68 MII oocyte showing different degrees of ZP inner layer
birefringence. The figure has a low degree of birefringence.

Figure 69 Oocyte with an abnormally shaped ZP and with what
appears to be a duplication of, or tears in, the ZP. The oocyte has
an irregular shape and cytoplasmic appearance with a large sized PB1.

Figure 70 Oocyte with an abnormally shaped ZP and with what
appears to be a duplication of, or tears in, the ZP. The oocyte is
highly dysmorphic with no evident PB1 in the PVS.

Figure 71 Oocyte with an abnormally shaped ZP and with what
appears to be a duplication of, or tears in, the ZP. The oocyte has
a regular shape.

Figure 72 Oocyte with a large PVS. There is a large granular area
in the cytoplasm.
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E.3 Polar body
Generally, PBI morphology can be seen as a reflection of postovula-
tory age of the oocytes since this by-product of meiosis fragments
with time. Nevertheless, the impact of PBI morphology on outcome
is still a matter of debate. Oocytes showing an intact PBI (Fig. 75)
give rise to higher rates of implantation and pregnancy (Ebner et al.,
1999) probably due to an increase in blastocyst formation (Ebner
et al., 2002). Apparently, the benefit of selecting oocytes according
to the morphology of PBI is diluted with increasing time between ovu-
lation induction and ICSI, since studies with different schedules could
not find a relationship between morphology of PBI and subsequent
ICSI outcome (Ciotti et al., 2004; De Santis et al., 2005; Fancsovits
et al., 2006).

However, the fact that a large PBI (Figs 76–78) has a very poor
prognosis remains unchallenged (Fancsovits et al., 2006). When
large PBI’s are extruded, embryos with multinucleated blastomeres
are a significantly more frequent consequence than for all other PBI

Figure 73 Oocyte with a large PVS. Several fragments are present
in the PVS.

Figure 74 Oocyte with a large PVS and a granular cytoplasm.

Figure 75 MII oocyte with a normal-sized PBI.

Figure 76 MII oocyte with a large PBI, 3–4 times larger than
normal.

Figure 77 MII oocyte with a giant PBI, 5-6 times larger than
normal.
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Figure 78 MII oocyte with a giant PBI.

Figure 79 MII oocyte with large fragments and a large PBI in the
PVS.

Figure 80 MII oocyte with a fragmented PBI (two pieces).

Figure 81 MII oocyte with a fragmented PBI (two pieces) (magni-
fication ×1000).

Figure 82 MII oocyte with a fragmented PBI and several cellular
fragments within the PVS which are almost indistinguishable from PB1.

Figure 83 MII oocyte with a lobular/fragmented PBI and significant
granulation in the The ZP has a dishomogeneous thickness and an
irregular inner layer.
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morphological categories (Fancsovits et al., 2006). It has been postu-
lated that the extrusion of an abnormally large PBI is due to dislocation
of the MS (Verlhac et al., 2000).

Sometimes it is difficult to distinguish between heavily fragmented
PBI’s and debris within the PVS (Figs 79–82). Fertilization and cleavage
rate as well as embryo quality have been found to be unaffected by the
presence of coarse granules in the PVS (Figs 83 and 84); however, the
rates of implantation and pregnancy seem to be influenced (Hassan-Ali
et al., 1998; Farhi et al., 2002). Granularity in the PVS has been asso-
ciated with over-maturity of oocytes (Miao et al., 2009).
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CHAPTER TWO

The zygote
Loredana Papale, Agnese Fiorentino, Markus Montag, and
Giovanna Tomasi
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Introduction
A. Fertilization assessment

A.1 2PN
A.2 1PN
A.3 ≥3PN

B. Pronuclear size

B.1 Normal
B.2 Small
B.3 Differential in size

C. Pronuclear morphology

C.1 Alignment parallel/tangential to plane of polar bodies
C.2 Large angle between polar bodies
C.3 Abutment/separation between PNs
C.4 Centrally/peripherally positioned PNs
C.5 Pronuclear membrane breakdown/syngamy

D. Nucleolar precursor bodies

D.1 NPBs: aligned/scattered/differential in appearance between
PNs

D.2 Numbers similar/numbers different between PNs
D.3 Similar size of NPBs/different size of NPBs
D.4 Ghost PNs (absent NPBs)/single NPB in one or more PNs

(bull’s eye)
E. Cytoplasmic morphology assessment

E.1 Normal/granular
E.2 Small vacuoles/large vacuoles

Introduction
A series of dynamic and complex events are triggered following
sperm–oocyte interaction that sequentially leads to fertilization and
the formation of a zygote. These events include sperm penetration,
sperm–oocyte fusion and oocyte activation, male and female pro-
nucleus (PN) development and gradual migration of the pronuclei
(PNs) to a central position in the oocyte.

Induced by the sperm penetration and subsequent calcium oscilla-
tions, the fertilized oocyte undergoes maternal-to-zygotic transition
as a result of major changes in the molecular signals that control the
arrest of meiotic development at the metaphase II stage of the
second meiotic division (Ajduk et al., 2011). In humans, the sperm
centriole has the leading role in organizing the microtubules, which

direct the migration of PNs and their rotation within the cytoplasm.
In this way, PNs position their axis toward the second polar body
and achieve a proper orientation at syngamy by controlling the
plane of the first mitotic division. During PN formation, nuclear pre-
cursor bodies (NPBs) become evident and start to migrate and
merge into nucleoli in a time-dependent manner. The NPBs do not
form a functionally active nucleolus at the zygote stage; however,
they can be used as an indirect measure of the location and the
grade of condensation of DNA within the PNs. Nucleoli are the
sites of synthesis of pre-rRNA and its availability is extremely import-
ant since newly synthesized rRNA is necessary for the translational
processes when the embryonic genome becomes active (Gianaroli
et al., 2003). Asynchrony in the timing of any of the events associated
with fertilization could compromise embryo development.

Once PNs are aligned onto a polar axis, parental chromosomes
then separate in preparation for mitosis. The human zygote’s
mitotic potential is paternally inherited with the spermatozoon deliver-
ing the centrosome (Palermo et al., 1994; Sathananthan et al., 1996).

A zygote’s morphological characteristics are accepted to be an in-
herent indicator of both gamete quality and subsequent embryo im-
plantation potential (Alpha Scientists in Reproductive medicine and
ESHRE Special Interest Group of Embryology, 2011). Many studies
have underlined the predictive value of zygote morphological assess-
ment through correlations with chromosome constitution and the in-
cidence of zygotic arrest (Gianaroli et al., 2003; Balaban et al., 2004;
Edirisinghe et al., 2005; Zamora et al., 2011). Recent strategies in
embryo selection include sequential morphology assessment where
PN scoring has been shown to play an important role as an indicator
of gamete constitution as well as a prognostic tool for embryo com-
petence. Scoring of PNs has also proved to be useful in countries
where restrictive legislation mandates selection at the zygote stage
for embryo transfer and consecutive elimination or cryopreservation
of sibling zygotes (Senn et al., 2006; Zollner et al., 2005).

Although numerous studies have associated positive clinical results
with the implementation of PN scoring, other reports have questioned
the predictive value of PN scoring systems and see no benefits or im-
provement in the outcome (Nicoli et al., 2010; Weitzman et al.,
2010). The Istanbul consensus workshop comprised a worldwide
panel of experts who just recently evaluated the current practice of
oocyte to embryo scoring and established common criteria for assess-
ment (Alpha Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology, 2011). Fertilization check is to be
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performed at 17+ 1 h post-insemination which may establish uniform-
ity in the future and eliminate the variability in PN scoring regimens that
have confounded comparative analyses. It must be noted, however, that
the processes associated with fertilization by conventional insemination
lags 1 h behind fertilization using ICSI (Nagy et al., 1998). A more com-
plete elucidation of events during the zygote stage, however, can be
expected with the application of continuous monitoring through the
introduction of time-lapse imaging instead of the traditional isolated
observations using light microscopy (Montag et al., 2011).

Normal fertilization is assessed by the presence of two centrally posi-
tioned, juxtaposed PNs with clearly defined membranes and two polar
bodies. If an abnormal PN number is observed whether it be 1, or 3 or
more, PNs, a low viable pregnancy is to be expected thus the transfer of
these zygotes is to be avoided (Reichman et al., 2010). Aberrant PN size
and position have been correlated with developmental arrest and aneu-
ploidy and are represented by PNs of unequal size (.4 mm), localized
far apart or peripherally or with the presence of fragmented or addition-
al micronuclei (Munné and Cohen, 1998; Sadowy et al., 1998; Garello
et al., 1999; Nagy et al., 2003; Scott et al., 2007). Panel experts also
agreed and strongly advised that the assessment and elimination of dys-
morphic zygotes with smooth endoplasmic reticulum (SER) discs (see
Chapter One) due to the association with severely adverse clinical out-
comes (Otsuki et al., 2004; Ebner et al., 2008).

Correct alignment of PNs onto the polar axis is considered a funda-
mental feature for the completion of the first cleavage division and
normal sequential development (Gardner, 1996, 1999, 2001;
Edwards and Beard, 1997, 1999; Payne et al., 1997; Garello et al.,
1999; Scott, 2001). Cell cycle-related dynamics of PN events have led
many authors to investigate and correlate the presence, pattern and
number of NPBs to embryo developmental potential. As shown for
mitotic cells, the inequality in number, size or distribution of NPBs is cor-
related with abnormal development (Pedersen, 1998). Therefore, the
panel experts from the consensus workshop established three categor-
ies for PN scoring that are based on the morphology of NPBs and PNs,
namely: (i) symmetrical, (ii) non-symmetrical and (iii) abnormal (Alpha
Scientists in Reproductive Medicine and ESHRE Special Interest Group
of Embryology, 2011). Category 1 includes zygotes presenting with
equal numbers and size of NPBs, either aligned at the junction
between PNs or scattered in both PNs. Category 2, non-symmetrical,
comprises all other patterns including peripherally localized PNs. Cat-
egory 3, abnormal, includes single NPB (‘bull’s eye’) or total absence
of NPBs. The latter were found to be correlated with imprinting
errors and delayed onset of functional NPBs and nucleoli formation in
animal models (Svarcova et al., 2009).

Reports on early cleavage checks have been demonstrated to be a
beneficial tool in selecting embryos with high implantation potential
and decreased chromosomal anomalies (Sakkas et al., 1998; Lundin
et al., 2001). The consensus opinion on a second, Day 1 observation
was to leave the choice to the operator’s discretion, but if applied, is
to be performed 26+1 and 28+1 h post-insemination for ICSI and
IVF embryos, respectively.

Sequential morphology assessment through time-lapse cinematog-
raphy will certainly shed light on the discrepancies in the literature
with respect to PN scoring and an in-depth analysis and correlation
with the clinical background behind the gametes forming the zygote
will possibly reveal even more reliable prognostic tools to improve clin-
ical outcomes.

A. Fertilization assessment

A.1 2PN
When assessments are performed 17+ 1 h post-insemination, taking
into consideration that pronuclear formation in IVF zygotes lags �1 h
behind ICSI zygotes, normally fertilized oocytes should be spherical
and have two polar bodies and two PNs (Figs 85–87). PNs should
be juxtaposed, approximately the same size, centrally positioned in
the cytoplasm with two distinctly clear, visible membranes (Fig. 88).
The presence of an equal number and size of NPBs aligned at the
PN junction has been correlated with increased embryo competence
(Tesarik and Greco, 1999; Tesarik et al., 2000; Scott, 2003).

Figure 85 A zygote 16.5 h post-ICSI, having small-sized PNs with
scattered NPBs and two visible polar bodies (400× magnification).
The zona pellucida (ZP) appears regular; some debris is present in
the perivitelline space (PVS). The cytoplasm is homogeneous and dis-
plays a clear cortical zone. It was transferred resulting in a clinical
pregnancy followed by miscarriage.

Figure 86 A slightly deformed zygote at 16.5 h after IVF with equal
numbers of large-sized NPBs aligned at the PN junction (400× mag-
nification). A great angle separates the two polar bodies. Some gran-
ulosa cells surround the ZP. It was transferred but failed to implant.
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A.2 1PN
The incidence of one pronucleates is around 1% after IVF or ICSI and
may be parthenogenetic in origin as suggested by chromosomal ana-
lysis that shows a haploid set in approximately half of the studied
oocytes (Plachot, 2000). In some cases, only one polar body is
extruded into the perivitelline space (PVS) (Fig. 89).

The presence of 1PN can also be a result of errors in the fertilization
process with asynchrony in PN formation or PN fusion. In these cases,
the resulting oocyte could have a diploid set of chromosomes, and two
polar bodies are normally observed (Figs 90–93). The transfer of these
oocytes could be considered, but the incidence of aneuploidy in the

Figure 88 A zygote generated by ICSI with NPBs perfectly aligned
at the junction of centrally located and juxtaposed PNs (600× mag-
nification). Fragmented polar bodies are located in the longitudinal
axis of the PNs. Category 1 (equivalent to Z1 score; Scott, 2003)
was assigned following assessment. Debris appears to be present in
the PVS. The cytoplasm is light-coloured with a clear cortical zone.
It was transferred and implanted.

Figure 90 A zygote observed 15 h post-IVF displaying a single,
large-sized PN and two polar bodies (400× magnification).

Figure 91 A zygote 17 h post-IVF showing a single PN with NPBs
of different size and two polar bodies (400× magnification).

Figure 87 A zygote at 18.5 h generated by standard insemination
using frozen/thawed ejaculated sperm (400× magnification). The
two PNs are centrally located: one is slightly larger than the other.
NPBs are of the same size, but different in number and are aggregated
at adjacent borders of each PN. The ZP appears thick. It was trans-
ferred but failed to implant.

Figure 89 A single pronucleate oocyte displaying only one PN and
a single polar body observed 16 h post-ICSI (200× magnification).
The observation was repeated 17.5, 20 and 22 h post-ICSI and did
not show significant variation in the PN size or position.
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resulting embryos has been reported to be significantly higher compared
with embryos derived from 2PN oocytes (Yan et al., 2010).

A.3 ≥3PN
The formation of triploid zygotes differs in origin, depending on
whether they are generated by ICSI or IVF. Only 1% of oocytes
after ICSI result in tripronuclear zygotes and are digynic due to
failure in extrusion of the second polar body (Fig. 94). An exception
is represented by giant oocytes (Fig. 95) that follow different patterns
of extrusion due to their generally diploid condition (see Chapter
One).

Diandry is the most probable cause of tripronucleates following IVF
and occurs in �5% of inseminated oocytes (Fig. 96). This condition
arises from the entry of two spermatozoa into the cytoplasm owing
to the incapacity of the oocyte to trigger protection against poly-
spermy. The second polar body is normally extruded and cleavage
often occurs. In some cases, the presence of multiple PNs could be
due to failed cytokinesis (Figs 94 and 97) or to penetration by a bi-
nucleate spermatozoon (Fig. 98).

Figure 92 A single, large PN and two polar bodies (partially over-
lapping) are present in this oocyte observed 16 h and 45 min post-IVF
(400× magnification). Four large-sized NPBs are visible. The resulting
embryo was transferred, but failed to implant.

Figure 93 A zygote generated by ICSI showing a single PN and
two polar bodies separated by some distance (600× magnification).

Figure 94 A zygote generated by ICSI displaying four PNs of ap-
proximately the same size and two of smaller size (150× magnifica-
tion). Only one polar body is visible.

Figure 95 A zygote displaying 3PNs with large-sized NPBs (400×
magnification). One of the three PNs is slightly bigger than the others.
The zygote was generated by ICSI performed on a giant oocyte.

Figure 96 A zygote displaying 3PNs of approximately the same
size with large-sized NPBs, partly overlapped and aligned in the
middle of the oocyte (400× magnification). It was generated by IVF
and shows two polar bodies.
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B. Pronuclear size

B.1 Normal
Some studies have demonstrated that the size of PNs depends on
gamete factors. Decondensation of the tightly compacted sperm chro-
matin is a crucial step in fertilization that includes the replacement of
protamines with histones under the control of oocyte-decondensing
factors. Therefore, the male PN size depends both on the sperm
nuclear structure and on the oocyte’s capacity of inducing deconden-
sation by releasing appropriate levels of glutathione.

PNs normally appear to be similar in size, although the female PN that is
often located towards the second polar body can be slightly smaller
(Figs 99 and 100). However, PN formation and rotation is a dynamic
process as demonstrated by time-lapse video recording, so positioning
and morphology of PNs are strictly time dependent (Fig. 101).

B.2 Small
The size of PNs depends on the time of observation with an increase
in size of close to 50% from abuttal to 17 h post-ICSI (Payne et al.,
1997). The presence of PNs with a diameter smaller than normal
(Figs 102–104) at the normal time of fertilization check could be an
indicator of delayed fertilization possibly due to oocyte immaturity,
or defects in the gametes. Nevertheless, implantation can occur as a
result of transfer of these zygotes (Fig. 103).

B.3 Differential in size
Significant differences (.4 mm) between PN size (Figs 105–108), or the
presence of micronuclei or fragmented PNs (Figs 109 and 110) are con-
sidered to be abnormal and are associated with chromosomal abnormal-
ities and major loss of developmental potential (Munné and Cohen, 1998;
Scott et al., 2000; Nagy et al., 2003; Scott et al., 2007; Alpha Scientists in
Reproductive medicine and ESHRE Special Interest Group of Embryology,
2011). Clinical studies have shown a high correlation between zygotes
observed at 16–18 h post-insemination displaying large differences in
PN size and their capability to maintain viability and development
both in vivo and in vitro (Sadowy et al., 1998; Scott et al., 2000). There-
fore, when performing embryo selection these embryos should be
avoided for transfer.

Figure 97 A zygote with 5PNs, halo cytoplasm, fragmented polar
bodies, oval shape and dark ZP (400× magnification). It was warmed
after vitrification.

Figure 98 A zygote displaying 3PNs after IVF with a small fragment
adjacent to the PNs (200× magnification). There are two polar
bodies in a large PVS and a thick ZP.

Figure 99 A zygote observed 18 h post-ICSI (400× magnifica-
tion). The 2PNs are centrally located and juxtaposed in the cytoplasm
(peripherally granular), of approximately the same size, and exhibit in-
equality in the number and size of NPBs. The PN on the right demon-
strates fewer but larger nucleoli. Some debris appears to be present
in the slightly increased PVS. Transferred on Day 3 (eight cells) along
with two other embryos to a patient who delivered a healthy baby
boy.

Figure 100 A zygote with equal numbers of large-sized NPBs scat-
tered with respect to the PN junction (400× magnification). PNs are
juxtaposed and slightly eccentric. The two polar bodies are located in
a plane that is parallel to the longitudinal axis of the PNs.
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C. Pronuclear morphology

C.1 Alignment parallel/tangential to the
plane of the polar bodies
With the extrusion of the second polar body, following sperm entry
and oocyte activation, the polar axis is established. Correct alignment

of PNs onto this axis is necessary for the formation of polar axes at
syngamy and subsequent completion of the first cleavage division
and normal development (Edwards and Beard, 1997; Payne et al.,
1997; Garello et al., 1999; Gardner, 2001; Scott, 2001). At apposition,
the chromatin of both PNs begins to polarize and rotate to face each
other with the male PN rotating onto the female PN and placing the

Figure 101 A zygote with changes in PN pattern, particularly with respect to the position in the cytoplasm and the NPBs’ location over time at (a)
11.7, (b) 15.4, (c) 18.3 and (d) 28.3 h after ICSI (400× magnification).

Figure 102 A zygote generated by ICSI and observed 18 h post-
insemination (400× magnification). PNs are slightly smaller than
normal and exhibit inequality in the number and the distribution of
NPBs. Polar bodies are larger than the normal size.

Figure 103 A zygote generated by IVF using frozen/thawed ejacu-
lated sperm and observed 16 h post-insemination (400× magnifica-
tion). PNs are smaller than normal and are not exactly positioned
in the centre of the oocyte. Small-sized NPBs are aligned at the PN
junction. It was transferred and implanted.
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Figure 104 A zygote displaying two small PNs partly overlapping
in this view (600× magnification). NPBs are large in size, equal in
numbers and scattered in the two PNs. The ZP appears thickened
and the PVS almost absent.

Figure 105 A zygote observed 18 h post-ICSI displaying very
unequal-sized juxtaposed PNs, with the smaller PN being less
visible (200× magnification). Two polar bodies and small-sized
NPBs are scattered in both PNs.

Figure 106 A zygote displaying two polar bodies and unequal-
sized juxtaposed PNs and inequality in number and alignment of
small-sized NPBs (200× magnification).

Figure 107 A zygote observed 18 h post-insemination displaying
very unequal-sized PNs and inequality in number and alignment of
NPBs (400× magnification). It was transferred on Day 3 (seven
cells) along with two other embryos. The implantation result is there-
fore unknown. However, the patient delivered a healthy baby boy.

Figure 109 A zygote after PB biopsy showing peripheral PNs that
are very different in size with one larger and one smaller than the
normal size (400× magnification). The ZP is oval in shape.

Figure 108 A zygote generated by ICSI with one large and one
normal-sized PN (200× magnification). The two polar bodies are
at opposite sides of the oocyte.
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centrosome into the furrow between the two PNs (Van Blerkom
et al., 1997). In this way, the longitudinal axis of PNs is parallel to
the plane of polar bodies (Figs 111–115). Further rotation brings
the PNs aligned onto the polar axis; the position of the second
polar body defines the plane of the first cleavage division (Figs 116–
121). All these movements and rotations could cause the formation
of the clear cortical zone known as the halo (Figs 114, 118 and 119).

C.2 Large angle between polar bodies
The failure of PNs to be juxtaposed and centrally positioned within the
cytoplasm or having non-aligned polar bodies with respect to PNs at
fertilization check could result in altered development, i.e. fertilization
failure and abnormal cleavage of the embryo (Gianaroli et al., 2003;
Alpha Scientists in Reproductive medicine and ESHRE Special Interest
Group of Embryology, 2011). Large angles between polar bodies
(Figs 122–124) have been suggested to be predictors of poor
embryo development (Gianaroli et al., 2003). This effect could be
due to sub-optimal orientation of PNs (Figs 125 and 126) generating

Figure 110 A zygote 18 h post-ICSI displaying very unequal-sized,
juxtaposed PNs and inequality in number and alignment of NPBs
(600× magnification). A vacuole-like structure is present in the cyto-
plasm. Fragments are visible in the PVS, not easily discernible from the
polar bodies in this view.

Figure 111 Diagram showing the plane through the polar bodies
which is parallel to the contrasting plane through the longitudinal
axis of the PNs.

Figure 112 A zygote generated by ICSI with different number of
large-sized NPBs aligned at the PN junction (200× magnification).
PNs are juxtaposed and centralized; polar bodies are located parallel
to the longitudinal axis through the PNs.

Figure 113 An ICSI zygote with large-sized NPBs aligned at the
PN junction (200× magnification). PNs are juxtaposed and centra-
lized, fragmented polar bodies are located parallel to the longitudinal
axis through the PNs (+308).

Figure 114 An ICSI zygote displaying juxtaposed and centralized
PNs. PN alignment is parallel to the plane of the polar bodies. The
zygote displays inequality in number and alignment of NPBs. The
latter are aligned in one PN and scattered in the other one with
respect to the PN junction. A clear cortical zone with some inclusion
bodies immediately below the area can be noted. It was replaced on
Day 3 (eight cell cleavage embryo) but failed to implant.

The zygote i29



Figure 115 A zygote with an equal number of large-sized NPBs
aligned at the PN junction (400× magnification). PNs are juxtaposed
and centralized and the polar bodies are located parallel to the longi-
tudinal axis through the PNs. Observed 16 h after IVF.

Figure 116 Diagram showing the plane through the polar bodies
which is tangential to the contrasting plane through the longitudinal
axis of the PNs.

Figure 117 An ICSI zygote with large-sized NPBs aligned at the
PN junction (400× magnification). PNs are juxtaposed and centra-
lized; polar bodies (the first polar body is fragmented, the second is
intact) are located tangential to the longitudinal axis through the PNs.

Figure 118 An ICSI zygote with large-sized NPBs aligned at the PN
junction (400× magnification). PNs are juxtaposed and centralized;
polar bodies (the first polar body is fragmented, while the second is
intact) are located tangential to the longitudinal axis through the PNs.

Figure 120 Zygote observed at 16.5 h post-IVF displaying
unequal-sized juxtaposed and centralized PNs aligned tangentially to
the plane through the polar bodies (400× magnification). NPBs are
scattered in one PN and aligned in the other. The oocyte is irregular
in shape and the PVS is enlarged. It failed to implant following transfer.

Figure 119 An ICSI zygote with large-sized NPBs aligned at the PN
junction (200× magnification). PNs, juxtaposed and centralized, are tan-
gential to the plane through the polar bodies. It was transferred on Day 3
(seven cells) along with two other embryos but failed to implant.

i30 Papale et al.



a great degree of cytoplasmic turbulence, which could facilitate uneven
cleavage or fragmentation (Garello et al., 1999).

C.3 Abutment/separation between PNs
In human oocytes, the aster from the sperm centrosome organizes the
microtubules, which control the abutment and apposition of PNs
(Figs 127–131), and direct the formation of polar axes at syngamy
by setting the plane of the first division. The subsequent movements
and rotations favour the distribution of the mitochondria and chroma-
tin alignment, which are essential for correct development.

Failed progression to apposition and syngamy (Figs 132–134) mostly
depends on sperm centrosome activity. Observations of zygotes with
separated PNs at fertilization check during subsequent development
(Figs 135–136) demonstrate severe delay or arrest in development
(Fig. 136) in almost 80% of cases (Gianaroli et al., 2003). This condition

is most frequently associated with pathological spermatozoa, particular-
ly from epididymal or testicular samples (Fig. 133).

C.4 Centrally/peripherally positioned PNs
The position of PNs has a relevant effect on the first cleavage
plane that normally goes through the pronuclear axis (Scott, 2003).
In the majority of zygotes with centrally positioned PNs (Fig. 137),
the first cleavage occurs regularly, giving rise to normally developing
embryos. Due to the dynamics of PN movements within the cyto-
plasm, their orientation on the polar axis varies depending on the pro-
gression of rotation (Figs 138 and 139) towards the final state which
determines the first cleavage plane (Fig. 140).

In cases of peripherally positioned PNs (Figs 141and 142), cleavage
occurs according to the pronuclear axis and results frequently in

Figure 121 A deformed zygote with peripheral PNs and polar
bodies aligned tangentially to the plane through the polar bodies
observed 15 h post-IVF (400× magnification). Polar bodies are
highly dysmorphic. Note the presence of small vacuoles in the
cytoplasm.

Figure 122 An ICSI zygote displaying two PNs of approximately
equal size, juxtaposed and clearly visible in the middle of the cyto-
plasm (400× magnification). Polar bodies are rotated .308 off the
longitudinal axis through the PNs. A clear cortical area and coarse
granularity of the cytoplasm can be observed. It was transferred but
failed to implant.

Figure 123 Zygote observed 18 h post-ICSI, with inequality in
number and alignment of the NPBs (400× magnification). PNs are
juxtaposed and centralized, NPBs are aligned in one of the two
PNs and scattered in the other with respect to the PN junction.
Both polar bodies are rotated .308 off the longitudinal or meridional
axis with a large degree of separation between them. It is possible to
observe a clear cortical zone and some dark inclusion bodies. It was
transferred and failed to implant.

Figure 124 A zygote of irregular shape observed 18 h post-ICSI
(400× magnification). The visible PNs show unequal distribution of
the NPBs. PNs are juxtaposed and centralized and the polar bodies
form a great angle with respect to the longitudinal axis through the
PNs. It was transferred but failed to implant.
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abnormal morphology (Fig. 143), cleavage (Fig. 144) and arrest of de-
velopment (Fig. 145). Nevertheless implantation can occur (Fig. 146).

C.5 Pronuclear membrane breakdown/
syngamy
Following sperm entry, both PNs migrate toward each other while
replicating their own DNA. At juxtaposition, nuclear membranes
break down a few hours prior to initiation of the first cleavage division
(Figs 147 and 148). Syngamy occurs (Fig. 149) and the two sets of
haploid genomes merge.

The astral centrosome containing two centrioles splits and relocates to
opposite poles of a bipolar spindle to establish bipolarization that controls
cell division. The centrioles take a pivotal position on spindle poles, while
chromosomes organize on the equator of the metaphase plate. Anaphase
and telophase ensue completing the first mitotic division.

Figure 127 Irregularly shaped zygote showing two centrally located
and juxtaposed PNs with equal numbers of large-sized NPBs aligned at
the PN junction (200× magnification). Fragmented polar bodies are
located parallel to the longitudinal axis through the PNs (+308). A
clear cortical area and coarse granularity of the cytoplasm can be
observed. It was transferred on Day 3 along with two other embryos
and the patient delivered two healthy baby girls and one healthy baby boy.

Figure 125 Zygote with large-sized NPBs scattered with respect
to the PN junction (400× magnification). A clear cortical zone can
be observed in the cytoplasm and the ZP is thick and very dense.
Polar bodies form a great angle with respect to the longitudinal axis
through the PNs. It was transferred but implantation outcome is
unknown.

Figure 126 A zygote of irregular shape 16.5 h after IVF in which
two PNs are clearly visible with NPBs aligned in both (400× magni-
fication). Polar bodies form a right angle: one is aligned with the lon-
gitudinal axis through the PNs and the other is aligned with the
meridional axis. It was transferred but failed to implant.

Figure 128 A zygote with two centrally located and juxtaposed
PNs, an enlarged PVS and a significant amount of debris in the PVS
(400× magnification). It was transferred but the result is unknown.

Figure 129 A zygote with two centrally located and perfectly jux-
taposed PNs in a granular cytoplasm with a clear cortical zone (400×
magnification). NPBs are aligned, but are different in size. It was trans-
ferred but failed to implant.
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Figure 131 A zygote generated by IVF with a thick ZP (400×
magnification). PNs are juxtaposed in the cytoplasm, which has a
clear cortical zone. NPBs are small and aligned in one PN and scat-
tered in the other. A refractile body is visible at the 11 o’clock pos-
ition in this view.

Figure 132 A zygote 18 h post-ICSI displaying two PNs that are not
juxtaposed (200× magnification). NPBs are of different size, aligned in
one PN and scattered in the other. The cytoplasm is very granular.

Figure 133 A zygote generated by ICSI using fresh epididymal
sperm, observed 18 h post-insemination (400× magnification). PNs
are not juxtaposed, different in size and NPBs are symmetrically dis-
tributed. It was transferred but failed to implant.

Figure 134 A zygote with widely separated and unequal-sized
PNs, which show scattered small NPBs (150× magnification). The
cytoplasm appears slightly granular and the PVS is enlarged. It was
transferred but implantation outcome is unknown.

Figure 130 A zygote with two centrally located and perfectly jux-
taposed PNs in a slightly granular cytoplasm with a clear cortical zone
(400× magnification). There is debris in the PVS as well as fragmen-
tation of one polar body (presumably the first polar body), which is
significantly separated from the other polar body (presumably the
second polar body). It was transferred but the outcome is unknown.

Figure 135 A zygote generated by ICSI and observed at 16, 17.5,
19 and 22 h after insemination (200× magnification). The two PNs
are peripherally located, widely separated and have an unequal
number of scattered NPBs. It was discarded.
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Figure 136 A zygote with an irregular shape, generated by ICSI and observed 18 h (a) and 20 h (b) post-ICSI (400× magnification). The polar
body had been biopsied. PNs are widely separated and contain scattered small NPBs. The cytoplasm is normal in colour but displays two vacuole-like
structures which are evident in (b). It failed to cleave during further development.

Figure 137 A zygote displaying centrally located, and in this view, par-
tially overlapping PNs (400× magnification). The PN longitudinal axis is
parallel to the polar bodies. NPBs are scattered in both PNs with
respect to the PN junction but differ in number. It was transferred and
implanted.

Figure 138 A zygote displaying centrally located PNs in which
NPBs are symmetrically distributed and aligned with respect to the
PN junction (400× magnification). A clear cortical zone, the halo,
appears in the cytoplasm and there is a slightly enlarged PVS. It was
transferred but implantation outcome is unknown.

Figure 139 A zygote, generated by ICSI and observed 18 h post-
insemination displaying centrally located PNs in which NPBs differ in
number and size (400× magnification). The PN longitudinal axis is
almost tangential to the plane through the polar bodies. NPBs are
not symmetrically distributed, aligned in one PN and scattered in
the other with respect to the PN junction. The ZP is thick and
brush-like. It was transferred and failed to implant.

Figure 140 A zygote with equal numbers of large-sized NPBs
aligned at the PN junction (200× magnification). PNs are juxtaposed
and centralized; polar bodies are aligned tangential to the longitudinal
axis through the PNs.
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Figure 142 A zygote generated by IVF with normal-sized PNs
slightly displaced to a peripheral position (400× magnification).
NPBs are aligned and different in number. It was transferred but
the outcome is unknown.

Figure 143 A deformed zygote at 16 h post-IVF displaying two
PNs located peripherally in the cytoplasm (6–7 o’clock) that are par-
allel to the plane of the two large polar bodies (400× magnification).

Figure 144 A zygote observed 16 h post-IVF showing peripheral
PNs partly overlapping in this view (400× magnification). NPBs are
small in size and scattered in both PNs. The derived embryo was
highly fragmented with uneven blastomeres and was discarded.

Figure 145 A zygote observed 16 h post-ICSI with peripherally
positioned PNs (400× magnification). A large PVS is present inside
a deformed, ovoid ZP. The oocyte has a clear cortical zone in the
cytoplasm. It was not transferred because of arrested development.

Figure 141 An ICSI zygote displaying two perfectly juxtaposed
PNs in a peripheral position in the cytoplasm, which is showing
central granularity due to clustering of the organelles (400× magnifi-
cation). NPBs are different in number and distribution. One polar
body (presumably the first polar body) is fragmented and the other
is intact. It was transferred but the outcome is unknown.

Figure 146 A zygote generated by ICSI displaying an ovoid ZP which
demonstrates a duplication or tear in the layers (400× magnification).
The fertilized oocyte is spherical and shows two PNs peripherally
located and partly overlapping in this view. NPBs are small and scattered
in both PNs. It was transferred and implanted.
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In contrast to some animal species, membrane fusion of PNs
(Fig. 150) is not a common process in human zygotes.

D. Nucleolar precursor bodies

D.1 NPBs: aligned/scattered/differential
alignment between PNs
As PNs form after fertilization, there is polarized distribution in the
chromatin into the furrow between them (Van Blerkom et al.,
1997). As NPBs are attached to the chromatin, they should also po-
larize or align with it implying that, if there is correct chromatin polar-
ization, the NPBs will appear polarized as well (Figs 151–154). Due to
the dynamics of this event, some zygotes show symmetry in appear-
ance of the PNs, but a delay in the alignment of the chromatin into

Figure 147 A zygote entering syngamy observed at 18 h after ICSI
(400× magnification). The PN membranes are becoming indistinct
and have large-sized NPBs. The ZP appears ‘brush-like’ and there is a
clear cortical region evident in the peripheral cytoplasm. Further devel-
opment resulted in cleavage to 4 cell and arrest on Day 3.

Figure 148 A zygote which is entering syngamy and is displaying
membrane breakdown particularly evident in the upper PN (400×
magnification). The observation was performed 15 h after ICSI.
One of the two PNs and its associated NPBs are now very indistinct.
It was transferred but failed to implant.

Figure 149 An ICSI zygote which has entered syngamy and is dis-
playing pronuclear membrane breakdown (200× magnification). The
NPBs are no longer distinct. It was transferred but the outcome is
unknown.

Figure 151 A zygote observed 18 h post-ICSI with equal numbers
of NPBs aligned at the PN junction (200× magnification). It was
transferred but the outcome is unknown.

Figure 150 A zygote displaying PNs entering syngamy (400×
magnification). The observation was performed 16 h after ICSI. The
PN membranes are indistinct, particularly between the PNs where
they have broken down, looking like PN membrane fusion. Large-
sized NPBs are evident in the PNs. Polar bodies had been previously
biopsied. It was transferred but failed to implant.
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the furrow, or onto the mitotic plate (Figs 155–157). NPB and PN
progression can occur even in highly dysmorphic zygotes (Fig. 158).

During the progression of the cell cycle, NPBs change in number,
size and distribution (Fig. 101) and finally they disappear shortly
before syngamy and initiation of the first cleavage division (Fig. 149).
Recent investigations by time-lapse imaging have shown that NPBs
are highly dynamic and that a characteristic NPB pattern may
change within a short period of time (Montag et al., 2011).

The potential use of the arrangement of NPBs in both PNs regard-
ing size, number and symmetry was initially investigated as a major part
of PN scoring in the late 90s (Scott and Smith, 1998). Several publica-
tions found a benefit of PN scoring and especially the distribution of
NPBs with the outcome of assisted reproduction treatment (Tesarik

Figure 152 A zygote observed 18 h post-ICSI with equal numbers
of NPBs aligned at the PN junction (200× magnification). It shows a
large PVS and an irregular ZP. The polar bodies are fragmented and
overlapping in this view. It was transferred but the outcome is
unknown.

Figure 153 A zygote observed 18 h post-ICSI with NPBs aligned
at the PN junction (200× magnification). NPBs differ in number
and size between PNs. The polar bodies are overlapped in this
view. It was discarded due to subsequent abnormal cleavage.

Figure 154 A zygote generated by ICSI, displaying two perfectly
juxtaposed PNs within which the NPBs are aligned, have the same
size and are similar in number (400× magnification). It was trans-
ferred but the outcome is unknown.

Figure 155 An ICSI zygote with large-sized NPBs scattered with
respect to the PN junction (400× magnification). The cytoplasm
appears granular. It was transferred but failed to implant.

Figure 156 An ICSI zygote with NPBs scattered with respect to
the PN junction (400× magnification). Polar bodies are fragmented;
there is debris in the PVS. It was transferred but implantation
outcome is unknown.
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and Greco, 1999; Scott et al., 2000; Balaban et al., 2001; Montag and
van der Ven, 2001; Ebner et al., 2003; Senn et al., 2006). Others have
reported no benefit (Payne et al., 2005; James et al., 2006; Nicoli et al.,
2007; Brezinova et al., 2009).

NPBs’ morphology is influenced by the patient’s age and there is
also a temporal difference in morphology between zygotes from IVF
compared with ICSI. Therefore, comparative PN/NPB scoring
should be performed according to strict guidelines considering
timing, patient characteristics and insemination technique employed.

Many cell cycle control proteins are located in the nucleolus, and it
has been shown in mitotic cells that asymmetry in number and pattern
of NPBs is associated with abnormal cell cycles and ultimately with ab-
normal development (Pedersen, 1998). It is plausible that asymmetry
between PNs in zygotes (Figs 159–162) can lead to abnormal devel-
opment with an increase in fragmentation and abnormal cleavage, and

reduced viability (Scott, 2003). Nevertheless, implantation can occur
(Figs 163 and 164).

Pronuclear scoring based on Scott’s (2003) Z scores, which com-
bines the assessment of PN orientation and NPB pattern, was

Figure 158 A zygote generated by IVF at 16.40 h post-
insemination (400× magnification). It shows small-sized NPBs scat-
tered with respect to the PN junction and a lot of large cellular
debris in the PVS. It was discarded.

Figure 159 A zygote with inequality in numbers and alignment of
NPBs. It was cryopreserved.

Figure 160 A zygote generated by ICSI with inequality in numbers
and alignment of NPBs (400× magnification). NPBs are aligned in one
PN and scattered in the other. Due to poor development, it was
discarded.

Figure 161 A zygote generated by IVF with inequality in numbers
and alignment of NPBs (600× magnification). It was discarded.

Figure 157 An ICSI zygote displaying partially overlapping PNs in
this view. NPBs are scattered in both PNs (400× magnification). It
was transferred but the outcome is unknown.
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adopted by the consensus workshop (Alpha Scientists in Reproductive
medicine and ESHRE Special Interest Group of Embryology, 2011) but
modified into three categories:

(i) symmetrical PNs (corresponding to Scott’s Z1 and Z2)
(ii) non-symmetrical PNs (other arrangements, peripheral PNs)
(iii) abnormal PNs (PNs with none or one NPB, which are called re-

spectively ‘ghost’ PNs and ‘bulls-eye’ PNs. Both have been asso-
ciated with abnormal outcome in animal models.

D.2 Numbers similar/numbers different
between PNs
Human cells generally have two to seven nucleoli per human nucleus
with equal numbers in the two daughter cells after a mitotic division.
Nucleoli appear and disappear depending on the cell cycle phase: they
are more numerous at the G1 phase, then start to fuse, and at the S1

phase there are only one to two large nucleoli per nucleus. When
asynchrony occurs, this appears to be the result of aberrant chromo-
somal function.

Transferring this model to the zygote, the ideal oocytes are those
presenting with symmetry for number and size of NPBs that are
aligned on the furrow between the 2PNs (Figs 165–167). Equality in
number with non-alignment in both PNs is also indicative of synchro-
nised development (Fig. 168). In contrast, any form of disparity in
NPBs’ size, number or pattern of alignment between the PNs, is asso-
ciated with a poor outcome (Figs 169–172).

D.3 Similar size of NPBs/different size of NPBs
The dynamics of nucleoli formation associated with NPBs merging
implies a time-related change in NPBs’ size (Scott, 2003). A progres-
sive increase in NPBs’ size and a concomitant reduction in number

Figure 163 A zygote generated by ICSI with inequality in numbers
and alignment of NPBs (200× magnification). Many granulosa cells
are adherent to the ZP. It was transferred and implanted.

Figure 164 A zygote at 15 h post-IVF in which NPBs are scattered in
one of the two PNs and aligned in the other (400× magnification). The
ZP is thick and the PVS is enlarged. One of the two polar bodies is frag-
mented. It was transferred and implanted.

Figure 165 A zygote generated by ICSI with equal numbers of
large-sized NPBs aligned at the PN junction (200× magnification).
It was transferred but the outcome is unknown.

Figure 162 A zygote observed 16 h post-ICSI with small-sized
NPBs scattered with respect to the PN junction in both PNs
(400× magnification). It has a very thin ZP. It was transferred but
failed to implant.
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Figure 166 A zygote generated by ICSI with equal numbers of
large-sized NPBs aligned at the PN junction (400× magnification).
There is a halo in the cortical area; polar bodies are fragmented
and the ZP appears brush-like. It was discarded due to subsequent
abnormal development.

Figure 167 A zygote generated by IVF observed 17 h post-
insemination (400× magnification). PNs have similar numbers of large-
sized NPBs aligned at the PN junction. The PVS is slightly enlarged and
the ZP is normal in size and surrounded by some granulosa cells. It
was transferred but failed to implant.

Figure 168 A zygote generated by IVF using frozen/thawed ejacu-
lated sperm and observed 15 h post-insemination (400× magnifica-
tion). Two PNs of approximately the same size are clearly visible in
the cytoplasm. Peripheral granular cytoplasm can be seen. NPBs
are scattered in both PNs. Both polar bodies are located at the 4
o’clock position. It was transferred and implanted.

Figure 169 A zygote generated by ICSI showing different numbers
of NPBs (400× magnification). The cytoplasm appears granular. It
was transferred but failed to implant.

Figure 170 A zygote observed 16.5 h post-ICSI, showing unequal
number and size of NPBs: medium-sized and scattered in one PN, larger-
sized and aligned in the other (400× magnification). Polar bodies had been
biopsied, and the slit opened mechanically in the ZP is evident at the 3
o’clock position. It was cryopreserved.

Figure 171 A zygote observed at 16 h post-IVF displaying different
number and size of NPBs: small and scattered in one PN, large and
aligned in the other (400× magnification). It was discarded because
of developmental arrest.
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occur at the time of nucleoli alignment into the furrow between PNs
(Figs 173–176).

The presence of small scattered and unequal-sized NPBs (Figs 177–
179) could be indicative of functional defects in nucleoli with conse-
quent decreased or ineffective synthesis of rRNA. The extent of mal-
functioning possibly depends on the grade of asynchrony and on the
number of affected nucleoli as demonstrated by the clinical outcome
that may result in implantation (Fig. 180).

D.4 Ghost PNs (absent NPBs)/single NPB in
one or more PNs (bull’s eye)
Despite the difficulty of making comparative studies aimed at evaluat-
ing the relevance of PN scoring, the sequence of processes involved in
fertilization underlines the importance and significance of NPBs and

Figure 172 A zygote generated by ICSI with a different number
and size of scattered NPBs (600× magnification). It was discarded
because of subsequent abnormal development.

Figure 173 A zygote generated by ICSI showing equal number and
size of NPBs, which are aligned at the PN junction (200× magnifica-
tion). PNs are tangential to the plane of the polar bodies. It was trans-
ferred and resulted in a singleton pregnancy and delivery.

Figure 174 A zygote generated by ICSI with peripherally located
PNs showing NPBs of similar size and number (200× magnification).
Further development resulted in uneven cleavage and arrest on Day 3.

Figure 175 A zygote observed at 18 h after ICSI, with NPBs of
equal size in both PNs and aligned at the PN junction (200× magni-
fication). Polar bodies are intact and slightly larger than normal. The
cytoplasm is granular with some inclusions. It was discarded due to
subsequent abnormal development.

Figure 176 A zygote generated by ICSI showing equal number and
size of NPBs, which are perfectly aligned at the PN junction (200×
magnification). Polar bodies are highly fragmented. It was transferred
but clinical outcome is unknown.
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nucleoli in determining embryo viability. In light of these considera-
tions, it is not surprising that the absence of nucleoli in PNs at the
time of fertilization check, the so-called ‘ghost’ PNs (Figs 181–184),
or the presence of a single NPB, known as ‘bull’s eye’
PNs (Figs 185–189) has been reported to be associated with epigen-
etic defects and abnormal development in animals (Svarcova et al.,
2009).

Figure 178 A zygote generated by ICSI showing an unequal
number of NPBs (400× magnification). The NPBs differ in size
within each PN. It was transferred but clinical outcome is unknown.

Figure 179 A zygote generated by ICSI displaying unequal number and
size of NPBs between the PNs (400× magnification). NPBs are mainly
aligned at the PN junction. It was transferred but clinical outcome is
unknown.

Figure 180 A zygote generated by IVF with large NPBs scattered
with respect to the PN junction (200× magnification). NPBs display
differences in sizes within each PN and are slightly larger in the PN on
the right side. It was transferred and resulted in a singleton pregnancy
with delivery.

Figure 181 One out of three sibling zygotes (see also Figs 182 and
183) generated by ICSI using frozen/thawed epididymal sperm
observed 18 h post-insemination. All three zygotes clearly show
two distinct PNs with well-defined membranes and without any
NPBs. All three were transferred and two healthy baby boys were
delivered.

Figure 177 A zygote generated by ICSI displaying unequal number
and size of NPBs between the PNs (400× magnification). It was
transferred but clinical outcome is unknown.
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Figure 182 The second out of three sibling zygotes (see also Figs
181 and 183) generated by ICSI using frozen/thawed epididymal
sperm. All three zygotes showed refractile bodies in the cytoplasm.

Figure 183 The third of three sibling zygotes (see also Figs 181
and 182) generated by ICSI using frozen/thawed epididymal sperm.
Beside the absence of NPBs and the presence of refractile bodies,
this zygote has a large perivitelline space.

Figure 184 A zygote generated by ICSI showing what looks like two
distinct PNs with distinct membranes and the absence of NPBs in one of
the PNs (400× magnification). One small vacuole is visible under the left
PN. Two highly fragmented polar bodies are present at 9 o’clock. Despite
the presence of 2 polar bodies after ICSI, it is possible that this is a 1PN
zygote, and that the structure to the right is a vacuole (compare with
Fig. 209). It was not transferred.

Figure 185 A zygote generated by ICSI showing two ‘bull’s eye’
PNs, each having a single large NPB (200× magnification). The
PNs are slightly separated and are not as yet juxtaposed. A clear cor-
tical region is evident in the cytoplasm. It was discarded.

Figure 186 Oval-shaped zygote generated by ICSI, showing a
single NPB in one of the two PNs (‘bull’s eye’) and small, scattered
NPBs in the other (200× magnification). The PVS is quite large and
the polar bodies are highly fragmented. It was discarded.

Figure 187 Zygote generated by ICSI with one ‘bull’s eye’ NPB in
one PN and small, different-sized NPBs in the other (400× magnifi-
cation). It was transferred but clinical outcome is unknown.
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E. Cytoplasmic morphology
assessment

E.1 Normal/granular
Homogeneous cytoplasm is expected in zygotes as for oocytes
(Figs 190 and 191), but heterogeneous cytoplasm is of unknown de-
velopmental significance. Therefore, although some studies have
reported that severe cytoplasmic anomalies in the zygote adversely
affect the developmental and implantation potential of the resulting
embryo (Kahraman et al., 2000; Ebner et al., 2003; Balaban and
Urman, 2006), there is no clear evidence supporting these findings.
Similarly, the presence of a peripheral cytoplasmic translucency in
the fertilized oocyte (known as the ‘halo’; Fig. 192) or of minor dys-
morphisms such as debris in the PVS (Fig. 193) or presence of refrac-
tile bodies in the cytoplasm (Fig. 194) have not been proved to be of

Figure 190 A zygote generated by IVF with frozen/thawed ejacu-
lated sperm and observed at 16 h post-insemination showing normal
cytoplasmic morphology (400× magnification). NPBs are obviously
different in the two PNs. It was transferred but failed to implant.

Figure 191 A zygote generated by ICSI, which subsequently
underwent polar body biopsy, shows normal cytoplasmic morphology
(400× magnification). It was discarded due to aneuploidy.

Figure 192 A zygote generated by IVF with frozen/thawed ejacu-
lated sperm and observed at 16 h post-insemination showing normal
cytoplasmic morphology with an evident clear cortical zone, the halo,
in the cytoplasm (400× magnification). NPBs are scattered and differ-
ent-sized, polar bodies are fragmented. It was cryopreserved.

Figure 188 Zygote generated by ICSI displaying two centrally
positioned PNs: in one PN there is a single large NPB (‘bull’s eye’),
whereas the NPBs are smaller, different-sized and scattered in the
other (600× magnification). It was discarded.

Figure 189 A zygote generated by ICSI with one ‘bull’s eye’ PN
(400× magnification). The NPBs from each PN are aligned at the
PN junction. It was transferred but clinical outcome is unknown.
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prognostic value for implantation. Nevertheless, recording of these
observations should be made as the accumulation of data could
reveal some relevant links to developmental or implantation potential.

Normal cytoplasm is clearly distinguishable from granular cyto-
plasm, but to make comparative observations attention should be
paid to the optical system and culture medium employed. The severity
of granularity is generally based on the diameter and depth of the
granular area that may occupy either the whole zygote (Fig. 195), or
small (Figs 196–198) or large areas of the cytoplasm (Figs 199 and
200).

It has been reported that half of the oocytes with dysmorphic phe-
notypes such as organelle clustering are aneuploid, with hypohaploidy
being the predominant abnormality (Van Blerkom and Henry, 1992).
This severe cytoplasmic disorganization is associated with a lower
intracytoplasmic pH and decreased ATP content (Van Blerkom
et al., 1997). These dysmorphic changes would be inherited in the
zygote. Apparently, intracytoplasmic organelle clustering (Fig. 200) is
a type of severe abnormality that is significantly repetitive in consecu-
tive cycles and is a negative predictor of pregnancy and implantation

Figure 194 A zygote generated by ICSI showing normal cytoplas-
mic morphology except for a refractile body visible at the 3 o’clock
position in this view (400× magnification). It was transferred but
clinical outcome is unknown.

Figure 195 A zygote generated by ICSI displaying heterogeneous,
granular cytoplasm (200× magnification). NPBs are large-sized and
polar bodies are fragmented. It was discarded due to poor subse-
quent development.

Figure 196 A zygote generated by IVF using frozen/thawed ejacu-
lated sperm and observed at 17 h post-insemination showing an irregular
oolemma and dysmorphic granular cytoplasm (400× magnification).
PNs are different in size and peripherally located. NPBs differ in size
and number between PNs. It was transferred but failed to implant.

Figure 197 A zygote generated by ICSI with peripheral PNs
(150× magnification). The oolemma is irregular and the cytoplasm
is dysmorphic and granular. The ZP is thick and dark. It was
discarded.

Figure 193 A zygote generated by ICSI showing normal cytoplas-
mic morphology, a thin ZP and small debris in an enlarged PVS (400×
magnification). It was transferred but clinical outcome is unknown.
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rates, although the cleavage stage embryo quality, as observed by light
microscopy, is apparently not affected (Meriano et al., 2001).

E.2 Small vacuoles/large vacuoles
The presence of a few small vacuoles (diameter of 5–10 mm) that are
apparently fluid filled and transparent (Figs 201 and 202) have not
been associated with detectable biological consequences, but some
concern may arise when several vacuoles appear (Figs 203 and 204)
or appear with other morphological anomalies (Fig. 205).

Large vacuoles (.14 mm in diameter) in fertilized oocytes
(Figs 206–210) can interfere with cleavage planes, resulting in
reduced blastocyst formation (Ebner et al., 2005). For this reason,
they are normally not considered for transfer.

At the time of fertilization check and especially after conventional
IVF, it is extremely important to carefully score the cytoplasm for
the presence of SER discs (see Chapter One), which are associated
with the risk of a deleterious clinical outcome (Otsuki et al., 2004).

Figure 198 A zygote generated by ICSI displaying granular cyto-
plasm, especially in the area immediately adjacent to the clear cortical
zone (400× magnification). There is an enlarged PVS and an ovoid
ZP. NPBs differ in number and size. It was transferred but clinical
outcome is unknown.

Figure 199 A zygote generated by ICSI with four PNs (possibly a
result of fragmentation of an originally normal-sized PN), displaying
very granular cytoplasm and a clear cortical zone (600× magnifica-
tion). It was discarded.

Figure 200 A zygote generated by ICSI using frozen/thawed eja-
culated sperm (200× magnification). PNs are peripherally located
with a large inclusion positioned directly below the PNs that is dis-
playing a crater-like appearance as a consequence of severe organelle
clustering. It was discarded.

Figure 201 An irregularly shaped zygote generated by ICSI
showing centrally positioned PNs and a medium-sized vacuole at
the 8 o’clock position in the cytoplasm (400× magnification). It
was transferred but clinical outcome is unknown.

Figure 202 A zygote generated by ICSI with centrally positioned
different-sized PNs, displaying two small vacuoles at the 9 o’clock
position in the cytoplasm (400× magnification). It was transferred
but clinical outcome is unknown.
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Figure 203 A zygote generated by ICSI with an irregular oolemma
and a large PVS with possibly highly fragmented polar bodies (150× mag-
nification). Different sized overlapping PNs are peripherally positioned
and several vacuoles of different sizes are present at the 2, 5 and 6
o’clock position in the cytoplasm. It was discarded.

Figure 204 A zygote generated by ICSI with slightly overlapping per-
ipherally positioned PNs and a large PVS with one large and one fragmen-
ted polar body (150× magnification). Many small vacuoles are present
throughout the cytoplasm. It was discarded.

Figure 205 Severely dysmorphic zygote generated by IVF showing
small PNs and an irregularly shaped ZP and oolemma and lack of a
PVS (600× magnification). There is a small vacuole present at 10
o’clock with refractile bodies immediately adjacent. It was discarded.

Figure 206 A zygote generated by ICSI showing peripherally posi-
tioned PNs and a very large vacuole at the 12 o′clock position in the
cytoplasm (400× magnification). Polar bodies are fragmented and the
ZP is of irregular thickness. It was discarded.

Figure 207 A zygote generated by ICSI showing cytoplasmic ab-
normalities (150× magnification). The PNs are juxtaposed and per-
ipherally positioned with a large vacuole of irregular shape at the 6
o’clock position in the cytoplasm. The cytoplasm is granular and
the ZP is thick and heterogeneous in appearance. It was discarded.

Figure 208 A zygote generated by ICSI showing severe cytoplas-
mic abnormalities (150× magnification). There is a large centralized
vacuole with many small vacuoles surrounding it in a granular cyto-
plasm. It was discarded.
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Introduction
A precise embryo quality evaluation is of paramount importance to
sustain a successful in vitro fertilization (IVF) program. In most IVF
clinics around the world, this quality assessment relies mainly on the
morphological evaluation of cleavage stage embryos. Embryologists
should be able to correlate the features observed at the optical micro-
scope with the implantation potential of each particular embryo
(Alikani et al., 2000; Ebner et al., 2003; Alpha Scientists in Reproduct-
ive Medicine and ESHRE Special Interest Group of Embryology, 2011).
To achieve this goal, many scoring systems based on the morphologic-
al features of the dividing embryo have been developed (Giorgetti
et al., 1995; Veeck, 1999; Fisch et al., 2001; de Placido et al., 2002;
Baczkowski et al., 2004; reviewed by Rienzi et al., 2005; Torelló
et al., 2005; Holte et al., 2007). These embryo classification systems
are based on the evaluation of the number of blastomeres, the
degree of fragmentation, the symmetry of the blastomeres, the pres-
ence of multinucleation and the compaction status. It is very important
that the features related to implantation potential are assessed accur-
ately and similarly. The purpose of this chapter is to illustrate morpho-
logical aspects useful for the evaluation of the implantation potential of
the embryos.

Cleavage stage embryos range from the 2-cell stage to the com-
pacted morula composed of 8–16 cells. The number of blastomeres
is used as the main characteristic with the highest predictive value (Van
Royen et al., 1999; Alikani et al., 2000; Fisch et al., 2001). Good quality
embryos must exhibit appropriate kinetics and synchrony of division.
In normal-developing embryos, cell division occurs every 18–20 h.
Embryos dividing either too slow or too fast may have metabolic
and/or chromosomal defects (Edwards et al., 1980; Giorgetti et al.,
1995; Ziebe et al., 1997; Van Royen et al., 1999; Leese, 2002;

Munné, 2006; Magli et al., 2007). Recent time-lapse studies indicate
that not only the timing of cleavage, but also the time between each
cell division is of importance. If all blastomeres divide in exact syn-
chrony, only 2-, 4- or 8-cell embryos would be observed. However,
it is frequent to observe 3-, 5-, 6-, 7- or 9-cell embryos, which is an
indication of asynchronous development (Scott et al., 2007;
Lemmen et al., 2008; Wong et al., 2010; Meseguer et al., 2011;
reviewed by Kirkegaard et al., 2012). Time of scoring with respect
to the insemination event has to be precisely established for a
correct evaluation of the kinetics of cell division (Scott et al., 2007).
However, it is also important to keep in mind that the environment
in the specific laboratory, such as culture media and temperature,
influences the kinetics of development.

Very frequently, the mitosis of embryos leads to externalization of
parts of the cell cytoplasm, resulting in the presence of anuclear frag-
ments surrounded by a plasma membrane (Antczak and van Blerkom,
1999). The size and distribution of fragments inside the space sur-
rounded by the zona pellucida (ZP) are variable (Alikani et al.,
1999). The amount of fragments is widely used to predict the implant-
ation potential of the embryos and fragmentation has been related to
aneuploidy (Ebner et al., 2001; Ziebe et al., 2003; Munné, 2006). If
fragmentation does not reach 10% of the total embryo volume it is
agreed that it does not have an impact on the embryo’s developmen-
tal potential (Van Royen et al., 2001; Holte et al., 2007).

Mitosis in blastomeres should produce two equally sized daughter
cells. When the division is asymmetric, one of the blastomeres of
the next generation will inherit less than half the amount of cytoplasm
from the parent blastomere, leading to a defective lineage in the
embryo. For example, 4- and 8-cell embryos with equal cell sizes
have been shown to have lower multinucleation and aneuploidy
rates and increased implantation rates (Hardarson et al., 2001; Van
Royen et al., 2001; Hnida et al., 2004; Scott et al., 2007). After two
cleavages, the zygote becomes a 4-cell embryo. The four cells of
the embryo are normally arranged in a tetrahedron in the spherical
space provided by the ZP. However, in some cases, the blastomeres
are located close to a single, spatial plane produced by an incorrect
orientation of the division axes. This can be associated with altered
embryo polarity (Edwards and Hansis, 2005).

Each embryo blastomere should have a single nucleus. Multinuclea-
tion has been described to be associated with genetic disorders of
the embryo (Kligman et al., 1996; Hardarson et al., 2001). It impairs
cleavage rates and the implantation potential of human embryos
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(Pelinck et al., 1998; Van Royen et al., 2003; Moriwaki et al., 2004) and
has been associated with an increased abortion rate (Meriano et al.,
2004). Multinucleation can be evaluated on Days 1, 2 and 3 of devel-
opment. On Day 3, however, this characteristic is more difficult to
evaluate due to the more complex structure of a Day 3 embryo
(Van Royen et al., 2003). Different morphological anomalies are
often associated with each other, and uneven cleavage has been
shown to be related to multinucleation (Hardarson et al., 2001) and
fragmentation (Hnida et al., 2004).

A clear homogeneous cytoplasm is acknowledged as normal for
cleavage stage embryos. The presence of anomalies such as an abun-
dance of vacuoles and aggregation of organelles resulting in clear and
granular cytoplasmic regions has to be considered in any embryo
quality assessment (Veeck, 1999; Desai et al., 2000; Ebner et al.,
2003).

After the embryo reaches the 8-cell stage, the blastomeres begin to
show an increase in cell–cell adherence due to the spread of intercel-
lular tight junctions. This is the start of compaction. The process of
compaction advances during the next division until the boundaries
between the cells are barely detectable (Veeck, 1999). If some of
the blastomeres are excluded from this compaction process, the
embryo may have a reduced potential for becoming a normal blasto-
cyst (Tao et al., 2002). In a proposed grading system compaction can
be classified using the following criteria: the proportion of blastomeres
undergoing compaction and the morphology of the compacted
embryo (Tao et al., 2002). The validity of this grading system
remains to be confirmed.

This cleavage stage chapter seeks to illustrate the morphological
aspects discussed in the Istanbul consensus workshop on embryo as-
sessment (Alpha Scientists in Reproductive Medicine and ESHRE
Special Interest Group of Embryology, 2011). The aim is to introduce
a more accurate and widespread comprehension of the nomenclature
applied to the characterization of cleavage stage embryos.

A. Cell numbers
The developmental stage of an embryo, defined as the number of blas-
tomeres on Days 1, 2 or 3 after insemination is an essential predictive
factor for subsequent implantation and pregnancy rates (1 cell to .10
cells; Figs 211–222). For assessment of embryo cleavage (numbers of
blastomeres), the currently accepted observation schedule for optimal
cleavage rates was defined at the Istanbul consensus workshop to be:
Day 1 (26+1 h post-ICSI, 28+1 h post-IVF), 2-cells; Day 2 (44+
1 h), 4-cells and Day 3 (68+1 h), 8-cells (Alpha Scientists in Reproduct-
ive Medicine and ESHRE Special Interest Group of Embryology, 2011).
Early cleavage (Figs 211 and 212), i.e. the first mitosis occurring before
26+1 h (ICSI) and 28+1 h (IVF) respectively, has been shown to cor-
relate with numbers of good quality embryos, blastocyst development
and pregnancy rates (Lundin et al., 2001; Fenwick et al., 2002). A
number of studies have shown that the transfer of 4-cell embryos on
Day 2 of culture (Fig. 215) results in significantly higher implantation
and pregnancy rates compared with the transfer of embryos with
either lower (Figs 213 and 214) or higher (Fig. 216) cell numbers
(Thurin et al., 2005; Holte et al., 2007; Scott et al., 2007).

Correspondingly, several studies have shown that for Day 3 trans-
fers, implantation and live birth rates are positively correlated with
an increase in cell number on Day 3, with the 8-cell stage (having

been a 4-cell embryo on Day 2) having the highest rates (van
Royen et al., 1999; Racowsky et al., 2011). The cleavage stage of
the embryo at the time of transfer also seems to have a role in pre-
dicting early pregnancy loss. Hourvitz et al. (2006) found that five or

Figure 211 A zygote undergoing first mitosis which has not been
completed by 25 h post-insemination. The mitotic groove can be
seen. This embryo should still be assessed as a 1-cell embryo.

Figure 212 The first embryo division nearing completion but the
two daughter cells are still not separated. This should be assessed
as a 2-cell embryo.

Figure 213 A 2-cell embryo with evenly sized blastomeres each
containing one nucleus. Generated by ICSI but was not transferred.
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less blastomeres in the best embryo transferred on Day 3 was corre-
lated with early pregnancy loss. A correlation between cell numbers at
distinct observation time points and chromosomal errors has also

been reported. It was shown by Munné (2006) that Day 2 embryos
with 4 cells had the lowest rate of chromosomal errors, while Magli
et al. (2007) showed the same to be true for embryos with 7- to

Figure 214 A 3-cell embryo with one larger blastomere and two
smaller blastomeres, i.e. it has a stage-specific cell size (see Section
C). The embryo was generated by ICSI but was not transferred.

Figure 215 A 4-cell embryo with four evenly sized blastomeres
each one containing one nucleus. Generated by ICSI. The embryo
was transferred and implanted.

Figure 216 A 5-cell embryo where one cell is slightly out of focus.
There is a slight difference in cell size but not significant enough to be
called an uneven sized embryo. It was generated by ICSI and
cryopreserved.

Figure 217 A 6-cell embryo with four small and two larger blasto-
meres, i.e. it has a stage-specific cell size (see Section C). The embryo
was generated by IVF and cryopreserved.

Figure 218 A 7-cell embryo in which four of the blastomeres
show a single nucleus. The embryo was generated by ICSI, it was
transferred and implanted.

Figure 219 An 8-cell embryo with evenly sized blastomeres with
no visible nuclei. It was generated by ICSI and transferred but the
outcome is unknown.
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8 cells on Day 3 (Figs 218 and 219). The same pattern was observed
by Finn et al. (2010) who described a higher rate of euploidy in
embryos with seven to eight blastomeres on Day 3 compared with
both six (Fig. 217) or less than six blastomeres and nine (Fig. 220)
or more than nine (Figs 221 and 222) blastomeres.

B. Fragmentation
Small portions of cytoplasm enclosed by a cell membrane but
usually not containing DNA are often formed during cell division.
Fragmentation is therefore defined as the presence of anucleate

Figure 220 A cryopreserved 9-cell embryo, warmed on Day
3. One blastomere is slightly larger and one blastomere is slightly
smaller than the others. It was generated by ICSI and transferred
but failed to implant.

Figure 221 A 10-cell embryo with visible nuclei in some blasto-
meres. It was generated by ICSI and cryopreserved.

Figure 222 An embryo with more than 10 cells on Day 4. This
embryo has not compacted which is unusual at this late stage. Gen-
erated by ICSI and cryopreserved.

Figure 224 Day 2 4-cell embryo with ,10% scattered fragmenta-
tion and evenly sized blastomeres. It was generated by IVF but not
transferred.

Figure 225 Day 2 4-cell embryo with ,10% fragmentation and
evenly sized blastomeres. Fragments are concentrated in one area
of the perivitelline space (PVS). It was generated by ICSI and trans-
ferred but the outcome is unknown.

Figure 223 Day 2 4-cell embryo with ,10% fragmentation and
evenly sized blastomeres. It was generated by ICSI but not
transferred.
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Figure 227 A 4-cell embryo with 10–15% scattered fragmenta-
tion, evenly sized blastomeres and a single nucleus in some blasto-
meres. It was generated by IVF and cryopreserved.

Figure 228 A 4-cell embryo with 10–20% concentrated fragmen-
tation, evenly sized blastomeres and no visible nuclei. It was generated
by IVF, was transferred but failed to implant.

Figure 226 A 4-cell embryo with 10–15% scattered fragmenta-
tion, evenly sized blastomeres and a single nucleus per blastomere.
It was generated by ICSI, transferred and implanted.

Figure 230 A 4-cell embryo with 15–20% fragmentation, one of
which is a large fragment and the others small and scattered. The
blastomeres are evenly sized with no visible nuclei. It was generated
by ICSI and cryopreserved.

Figure 231 A 4-cell embryo with 15–20% scattered fragmenta-
tion, unevenly sized blastomeres and no visible nuclei. It was gener-
ated by IVF and cryopreserved.

Figure 229 A 4-cell embryo with 15–20% concentrated fragmen-
tation, evenly sized blastomeres and no visible nuclei. It was generated
by ICSI, transferred and implanted.
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Figure 232 An 8-cell embryo with around 15–20% scattered frag-
mentation, evenly sized blastomeres and visible nuclei in some blasto-
meres. It was generated by IVF but was not transferred.

Figures 233 Three views of the same embryo at different focal
planes. It is a 4-cell embryo with 20–25% fragmentation which
roughly corresponds to the size of one cell. Note the importance
of assessing the embryo at different focal planes in order to establish
the degree and type of fragmentation (scattered in this case). The
blastomeres are evenly sized and have visible nuclei. It was generated
by ICSI and cryopreserved.

Figure 234 An 8-cell embryo with 25% scattered fragmentation
and evenly sized blastomeres. It was generated by ICSI and trans-
ferred but failed to implant.

Figure 236 A 7-cell embryo with 30% fragmentation. Fragments
are scattered in the PVS. It was generated by ICSI but was not
transferred.

Figure 235 A 2-cell embryo with 20–25% fragmentation on Day 2
(slow development). The blastomeres are evenly sized but binu-
cleated. It was generated by ICSI but was not transferred.
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Figure 237 A 6-cell embryo with 30–40% fragmentation and un-
evenly sized blastomeres. Fragments are predominantly concentrated
in one area. It was generated by ICSI but was not transferred.

Figure 239 A 4-cell embryo with around 40% fragmentation
which is scattered throughout the embryo. The blastomeres are un-
evenly sized. It was generated by ICSI but was not transferred.

Figure 238 A 6-cell embryo with 30–40% concentrated fragmen-
tation and a thick ZP. It was generated by ICSI but was not
transferred.

Figure 240 A 3-cell embryo with around 40% scattered fragmen-
tation and unevenly sized blastomeres. It was generated by ICSI but
was not transferred.

Figures 241 (a–c) Three views of an embryo with .50% frag-
mentation. In one focal plane (a) three to four cells can be seen
but in the other two focal planes only one to two cells can be seen
(b and c). The embryo was generated by ICSI but was not transferred.
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structures of blastomeric origin (Keltz et al., 2006) and evaluation
of the degree of fragmentation is included in almost every embryo
scoring system. The degree of fragmentation is most often
expressed as the percentage of the total cytoplasmic volume.
The relative degree of fragmentation is defined as mild (,10%,
Figs 223–225), moderate (10–25%, Figs 226–235) and severe
(.25%, Figs 236–242).

It is often difficult to make the distinction between a large anucleate
fragment and a small (nucleated) cell. Johansson et al. (2003) showed
that portions of cytoplasm that were ,45 mm in diameter on Day
2 and ,40 mm in diameter on Day 3 did not contain DNA, and
the authors suggested a standardization of defining fragments as all
structures below these sizes.

It has been shown that a high degree of fragmentation correlates
negatively with implantation and pregnancy rates (Racowsky et al.,
2000), while the presence of minor amounts of fragmentation has
no negative or possibly even a positive impact (Alikani et al.,
1999). Two distinctly different types of fragmentation have been
documented by time-lapse analysis in human embryos: definitive
fragmentation, characterized as stable persistent fragments clearly
detached from blastomeres and pseudo-fragmentation, character-
ized by a transient appearance during, or shortly after, cell cleavage,
but not detected during later development (Van Blerkom et al.,
2001).

Increasing fragmentation also results in reduced blastocyst forma-
tion and can influence allocation of cells during differentiation
(Hardy et al., 2003). The spatial distribution of the fragments in
the perivitelline space (PVS) can be differentiated into two pat-
terns, i.e. scattered (Figs 224, 226, 227, 230–236, 239 and 240)
or concentrated (Figs 223, 225, 228, 229, 237 and 238). The scat-
tered appearance was found to be correlated with an increased in-
cidence of chromosomal abnormality (Magli et al., 2007). The
higher the degree of fragmentation, the more difficult it is to differ-
entiate between scattered and concentrated fragmentation
(Figs 241 and 242). Fragmentation is considered to be an essential
parameter to include in the evaluation of developing embryos, as
embryos with very strong and persistent fragmentation are less
likely to be viable.

C. Blastomere size: ‘stage
specific’ versus ‘non-stage
specific’
It has been shown that a high degree of regularity in the blastomere
size in embryos on Day 2 is related to increased pregnancy
outcome following assisted reproduction treatments (Giorgetti et al.,
1995; Ziebe et al., 1997; Hardarson et al., 2001; Holte et al., 2007).
Uneven cleavage, i.e. a cell cleaving into two unequal sized cells,
may result in an uneven distribution of cytoplasmic molecules, e.g.
proteins and mRNAs, and has been shown to be correlated with a
higher incidence of multinucleation and aneuploidy (Hardarson et al.,
2001; Magli et al., 2001).

The relative blastomere size in the embryo is dependent on both the
cleavage stage and the regularity of each cleavage division (Diagrams 1
and 2). The blastomeres of 2-, 4- and 8-cell embryos should be equal
(stage-specific embryos, Figs 243–245) rather than unequal in size
(non-stage-specific embryos, Figs 246–252). In contrast, blastomeres
of embryos with cell numbers other than 2, 4 and 8 should have different
sizes as there is an asynchrony in the division of one or more blasto-
meres (Figs 253–256). A 3-cell embryo should preferably have one
large and two small blastomeres (Fig. 253); a 5-cell embryo, three
large and two smaller blastomeres (Fig. 254); a 6-cell embryo, two
large and four smaller blastomeres (Fig. 255) and a 7-cell embryo, one
large and six smaller blastomeres (Fig. 256). These embryos are
thereby also considered to be stage specific. However, a 4-cell
embryo with one or two blastomers much larger than the others
(Figs 248–251), a 3-cell embryo with all blastomeres even in size
(Fig. 257), a 5-cell embryo with two large and three smaller blastomeres
(Figs 258 and 259) or one small and four larger blastomeres (Fig. 260), a
6-cell embryo with all blastomeres even in size (Fig. 261) or extremely

Figure 242 A Day 3 embryo with .50% fragmentation. It was
generated by IVF but was not transferred.

Diagram 1 A diagram illustrating the expected cell size of a cleav-
age stage embryo: a human 2-cell embryo should contain two equal
blastomeres of the size of the 2-cell stage and are thereby stage spe-
cific. Unequal blastomeres at the 2-cell stage (.25% difference in the
diameter size of the smallest cell, i.e. less than a 1:4 proportion) are
not 2-cell stage specific. The same rule can be applied to 4- and 8-cell
embryos. The numbers show proportions of diameter size.
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Diagram 2 A diagram illustrating the concept of stage-specific versus non-stage-specific cleavage patterns. The dark green color indicates stage-
specific cleavage stage embryos, whereas the light green color indicates non-stage-specific cleavage stage embryos.

Figure 243 A 2-cell embryo with evenly sized blastomeres and no
fragmentation on Day 2. The blastomeres are stage-specific cell size.
The embryo was transferred but did not result in a pregnancy.

Figure 244 A 4-cell embryo with evenly sized blastomeres and no
fragmentation on Day 2. The blastomeres are stage-specific cell size.
Notice the clover shape arrangement of the blastomeres. It was
transferred and implanted.
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Figure 245 An 8-cell embryo with evenly sized blastomeres and
no fragmentation on Day 3. The blastomeres are stage-specific cell
size. It was transferred and resulted in a pregnancy.

Figure 246 A 2-cell embryo with unevenly sized blastomeres on
Day 2. The blastomeres are not stage-specific cell size.

Figure 247 A 2-cell embryo with unevenly sized blastomeres and
up to 10% fragmentation on Day 2. The blastomeres are not stage-
specific cell size.

Figure 248 A 4-cell embryo with unevenly sized blastomeres on
Day 2, with the cell to the right being 25% smaller than the cell to
the left. The blastomeres are therefore not stage-specific cell size.
The embryo was transferred and implanted.

Figure 249 A 4-cell embryo with unevenly sized blastomeres on
Day 2. One blastomere is indistinct in this view. The blastomeres
are not stage-specific cell size.

Figure 250 A 4-cell embryo with unevenly sized and irregular blas-
tomeres with two blastomeres being larger than the other two. The
blastomeres are not stage-specific cell size. Note that the ZP of this
embryo is elongated.
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Figure 251 A 4-cell embryo with unevenly sized blastomeres. The
blastomeres are not stage-specific cell size.

Figure 252 An 8-cell embryo with unevenly sized blastomeres.
The blastomeres are not stage-specific cell size. The embryo was
transferred but did not result in a pregnancy.

Figure 253 A 3-cell embryo with one large and two small blasto-
meres on Day 2. The blastomeres are stage-specific cell size. The
embryo was transferred but failed to implant.

Figure 254 A 5-cell embryo with three large and two small blas-
tomeres. The blastomeres are stage-specific cell size.

Figure 255 A 6-cell embryo with two large and four small blasto-
meres. The blastomeres are stage-specific cell size.

Figure 256 A 7-cell embryo with one large and six small blasto-
meres. The blastomeres are stage-specific cell size.
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Figure 257 A 3-cell embryo with three blastomeres of the same
size at 26 h after insemination. The blastomeres are not stage-specific
cell size.

Figure 258 A 5-cell embryo with two large and three small blas-
tomeres instead of three large and two small blastomeres; therefore,
not stage-specific cell size.

Figure 259 A 5-cell embryo with two large and three small blas-
tomeres instead of three large and two small blastomeres therefore
not stage-specific cell size.

Figure 260 A 5-cell embryo with four large and one small blasto-
meres instead of three large and two small blastomeres; therefore,
not stage-specific cell size.

Figure 261 A thawed 6-cell embryo with six blastomeres of the
same size rather than two large and four smaller blastomeres; there-
fore, not stage-specific cell size.

Figure 262 A 6-cell embryo with two very large and four very
small blastomeres. The extreme size difference between the large
and small blastomeres makes this embryo not stage specific.
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different in size (Fig. 262) and a 7-cell embryo with three large and four
smaller blastomeres (Fig. 263) would not be considered to have normal
blastomere sizes in relation to cell numbers and are therefore not consid-
ered to be stage specific (for further clarification see Diagrams 1 and 2).

D. Nucleation
The nucleation status is defined as the presence or absence of nuclei in
the blastomeres of the cleavage stage embryo. Ideally, the nucleation
status of each blastomere in the embryo should be evaluated as a
single nucleus per blastomere (Figs 264–266), no nuclei visible or mul-
tinucleation (Figs 267–270).

The most studied nucleation status is multinucleation, which is
defined as the presence of more than one nucleus in at least one
blastomere of the embryo (Jackson et al., 1998; Van Royen et al.,
2003). Multinucleation can be evaluated both in the early cleaved
Day 1 (26–28+1 h post-insemination), Day 2 (44+1 h post-
insemination) and Day 3 (68+ 1 h post-insemination) cleavage stage
embryos, although the assessment of a Day 3 embryo may be more
complicated due to the smaller cell size and the larger number of
cells (Van Royen et al., 2003). Embryo quality has been shown to cor-
relate with multinucleation, and 4-cell embryos on Day 2 and 8-cell
embryos on Day 3 show reduced multinucleation compared with
the other cell stages observed on these days (Van Royen et al.,
2003; Ziebe et al., 2003).

Multinucleation is predictive of a decreased implantation potential
(Jackson et al., 1998; Pelinck et al., 1998; Van Royen et al., 2003; Mor-
iwaki et al., 2004) and multinucleated embryos are associated with an
increased level of chromosome abnormalities (Pickering et al., 1995;
Hardarson et al., 2001; Agerholm et al., 2008) as well as an increased
risk of spontaneous abortion (Scott et al., 2007). Multinucleation is
more frequent in blastomeres originating from embryos with uneven
cleavage compared with embryos with evenly cleaved blastomeres
(Hardarson et al., 2001).

Multinucleation can also be divided into binucleation (two nuclei per
cell, Figs 268 and 269) or multi/micronucleation (more than two
nuclei per cell, Fig. 270). These appearances probably have different
origins (Meriano et al., 2004). Multinucleated embryos are usually
excluded from transfer. However, it has been shown that binucleated

cells on Day 1 can cleave into chromosomally normal cells (Staessen
and Van Steirteghem, 1998). On the other hand, severe multinuclea-
tion is probably not compatible with normal cell cleavage.

Multinucleation evaluation should be included in any embryo assess-
ment protocol to select the highest quality embryo for transfer, and
although these embryos do give rise to live births, they should be

Figure 263 A 7-cell embryo with three large and four small blas-
tomeres instead of one large and six small blastomeres; therefore, not
stage-specific cell size. One blastomere shows multinucleation.

Figure 264 A 4-cell embryo with equally sized, mononucleated
blastomeres arranged in a clover shape on Day 2 post-injection.
There is a single nucleus clearly visible in each blastomere.

Figure 265 A 4-cell embryo with equally sized, mononucleated
blastomeres arranged in a tetrahedron shape on Day 2 post-injection.

Figure 266 A 4-cell embryo with equally sized, mononucleated
blastomeres arranged in a tetrahedron shape on Day 2 post-injection.
There is a single nucleus clearly visible in each blastomere.
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excluded from selection for embryo transfer if an alternative embryo is
available.

The absence or presence of a single nucleus per blastomere has
been shown to be a predictor of embryo implantation potential (Mor-
iwaki et al., 2004; Saldeen and Sundström, 2005). Visualization of four
mononucleated blastomeres in a 4-cell embryo (Figs 265 and 266) pre-
dicted a higher implantation rate than in cases where zero (Fig. 266) to

three mononucleated blastomeres (Fig. 268) were seen (Saldeen and
Sundström, 2005). However, other studies have found that grading
embryo nuclear score on Day 2 had no additive value for the predic-
tion of implantation rate above that predicted by Day 3 embryo
morphology (Bar-Yoseph et al., 2011).

E. Cytoplasmic anomalies
The cytoplasm of cleaving embryos is normally pale, and clear or finely
granular in appearance (Hartshorne, 2000). Cytoplasmic anomalies,
such as cytoplasmic granularity, cytoplasmic pitting and the presence
of vacuoles, occur occasionally and can also be scored in the morpho-
logical assessment of Days 2 and 3 embryos. However, a possible pre-
dictive value of these features to embryo quality or implantation
potential is unclear.

Cytoplasmic pitting (Figs 271 and 272) is characterized by the pres-
ence of numerous small pits with an approximate diameter of 1.5 mm
on the surface of the cytoplasm (Biggers and Racowksy, 2002). Al-
though cytoplasmic pitting in Day 3 embryos seems to be associated
with improved blastocyst formation, the appearance of cytoplasmic
granularity has no prognostic value to embryo quality (Rienzi et al.,
2003) or to pregnancy (Desai et al., 2000). Other studies have
shown that culture conditions may induce cytoplasmic pitting
(Biggers and Racowsky, 2002; Ebner et al., 2005b) which in extreme
cases may result in an increased risk of early loss of gestational sacs
(Ebner et al., 2005b).

The cytoplasm of blastomeres may be excessively darkened with
centralized granularity associated with a cortical halo, as cytoplasmic
organelles retract toward the center of the blastomere (Fig. 273). It
was suggested that these embryos have reduced implantation poten-
tial or are destined for degeneration (Veeck, 1999). Similarly, embryos
with alternating areas of granularity and clear zones within the blasto-
meres are even more likely to degenerate (Fig. 274).

Cytoplasmic vacuolization is probably the most common cytoplasmic
dysmorphism in human oocytes/embryos. Vacuoles vary in size and in
number (Figs 275–280). They are membrane-bound cytoplasmic inclu-
sions filled with fluid that are virtually identical with the perivitelline fluid
(Van Blerkom, 1990). Whereas vacuoles have been well studied and
described in human oocytes, very little is known about their incidence

Figure 269 A 2-cell embryo with two binucleated blastomeres
and 25–30% fragmentation.

Figure 270 A 2-cell embryo with blastomeres of unequal size with
several (four) nuclei in one blastomere.

Figure 267 A 4-cell embryo with blastomeres of unequal size and
with one binucleated blastomere. The embryo was transferred but
failed to implant.

Figure 268 A 4-cell embryo with one binucleated blastomere.
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and role in developing embryos. Beside vacuoles visible at the time of
oocyte collection and those created artificially by ICSI, vacuoles may
also arise at the compaction stage (Ebner et al., 2005a). De novo

Figure 272 An 8-cell embryo with equally sized blastomeres
showing cytoplasmic pitting. Numerous small pits are homogeneously
distributed in the cytoplasm. The 5 blastomeres in focus are arranged
in one spatial plane.

Figure 273 A 2-cell embryo with a clear halo in both blastomeres,
characterized by centralized granularity associated with an absence of
organelles in the peripheral cortex.

Figure 274 A 4-cell embryo on Day 2 with an abnormal distribu-
tion of organelles leading to differential granular and smooth zones
inside each cell.

Figure 276 A 5-cell embryo with two small and three large blas-
tomeres. There is a small vacuole in each of the two smaller
blastomeres.

Figure 275 An 8-cell embryo with one blastomere showing a
small vacuole (arrow).

Figure 271 An 8-cell embryo with equally sized blastomeres
showing cytoplasmic pitting. Numerous small pits are present on
the surface of the cytoplasm.
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formation of vacuoles on Day 4 is related to developmental arrest with a
detrimental effect on blastocyst formation (Ebner et al., 2005a). It is
believed that the occurrence of a few, small vacuoles (Figs 275 and

276) is not of importance (Alpha Scientists in Reproductive Medicine
and ESHRE Special Interest Group of Embryology, 2011), but in cases
of extensive vacuolization (Figs 277–280) it may be detrimental,
mainly to spatial development, and the assessment should be added
to the selection score.

F. Spatial distribution of cells
Human oocytes are polarized from their earliest stages of formation
and consist of an animal and vegetal pole (Antczak and Van
Blerkom, 1997, 1999; Edwards and Beard, 1997). This animal and
vegetal gradient is distributed differently to specific 4-cell blastomeres
via the combination of meridional and equatorial cleavage divisions
(Gulyas, 1975). The first cleavage occurs meridionally and results in
two nearly identical daughter blastomeres each inheriting similar polar-
ities of animal and vegetal cytoplasm. In the second cleavage, one cell
divides meridionally while the other cell divides equatorially which
results in four cells with different polarity (Diagram 3). The two daugh-
ter cells resulting from the meridional cleavage have inherited full po-
larity, while the two daughter cells from the equatorial cleavage differ
in polarity with one cell containing mostly animal cytoplasm and the
other cell containing mostly vegetal cytoplasm (Gulyas, 1975;
Edwards and Hansis, 2005). These cleavages lead to a typical pyram-
idal or tetrahedral arrangement of three blastomeres with animal cyto-
plasm associating with the polar body; and one blastomere, inheriting
only vegetal cytoplasm, located distant to the polar body (Figs 281 and
282; Edwards and Hansis, 2005). Other ways of meridional or equa-
torial cleavage divisions may lead to a different distribution of animal
and vegetal poles in the daughter cells and may result in non-
tetrahedral or ‘clover’ shaped 4-cell stage embryos (Figs 283–285).
The clover shape can be maintained in the following division (Fig. 286).

Another feature sometimes seen is ovoid embryos, originating from
ovoid oocytes (Figs 287–290). In these embryos, the spatial distribu-
tion of blastomeres is necessarily abnormal.

In summary, the cleavage planes are thought to determine various
aspects of later development. Elucidation of the fundamental aspects
of the genetic regulation of the cleavage divisions may play an import-
ant role in understanding their impact on the developmental capacity
and the implantation potential of an embryo in vitro (Edwards, 2005).

Figure 278 A 2-cell embryo with large vacuoles in both blasto-
meres and 15% concentrated fragmentation.

Figure 279 A 3-cell embryo with a large vacuole in the blastomere
in the first plane in this view. A smaller vacuole is present in another
blastomere. High fragmentation, about 40%, concentrated in one
area.

Figure 280 A 3-cell embryo with different sized blastomeress
showing both large and small vacuoles.

Figure 277 An embryo with abundant small vacuoles.
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Diagram 3 Diagram showing the dividing planes of the second
mitotic cleavage, where one cell cleaves equatorially and one cell
cleaves meridionally, giving rise to four daughter cells with different
polarity.

Figure 281 A 4-cell embryo with a typical pyramidal or tetrahedral
structure. The embryo was generated by IVF and was transferred and
implanted.

Figure 282 A 4-cell embryo with a typical pyramidal or tetrahedral
structure. The embryo was generated by IVF and was transferred but
failed to implant.

Figure 283 A 4-cell embryo with a non-tetrahedral or clover
structure. It was generated by ICSI and was cryopreserved.

Figure 284 A 4-cell embryo generated by ICSI with a non-
tetrahedral or clover structure. It was transferred but failed to
implant.
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Figure 285 A clover-shaped 4-cell embryo with an expanded ZP.
The relative size of the blastomeres with respect to the ZP is smaller
than usual in this embryo.

Figure 286 A double clover-shaped 8-cell embryo. The clover
shape of the 4-cell embryo was maintained in the subsequent division.

Figure 287 An ovoid embryo showing four blastomeres arranged
in a clover shape.

Figure 288 A 7-cell, ovoid embryo showing blastomeres predom-
inantly arranged in the one spatial plane. The ZP is septate.

Figure 289 An ovoid embryo showing eight blastomeres arranged
in one spatial plane.

Figure 290 An ovoid embryo showing seven blastomeres
arranged in one spatial plane. The ZP has an irregular shape.
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G. Compaction
The human embryo appears as an indistinguishable mass of cells on
Day 4 of development, the morula. A good quality morula is

composed of 16–32 blastomeres and all of the blastomeres should
be included in the compaction process (Tao et al., 2002).

The increase in cell-to-cell adherence should begin at the 8-cell
stage and then progress rapidly with time (Figs 291–293). The cell ad-

Figure 291 An 8-cell embryo that shows no signs of compaction.
Cells are evenly sized and barely touching.

Figure 292 An 8-cell embryo showing signs of initial compaction.
The cells are tightening their contact.

Figure 293 An 8-cell embryo showing signs of moderate compac-
tion. Individual blastomeres are becoming difficult to identify.

Figure 294 A clover shaped 4-cell embryo showing signs of very
early compaction. A single nucleus is clearly visible in each cell.

Figure 295 A 7-cell embryo showing signs of early compaction.
This embryo was transferred but failed to implant.

Figure 296 An embryo with more than 12 blastomeres showing
no signs of compaction. With this number of cells it is very unusual
that the embryo has not yet initiated compaction.
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hesion protein E-cadherin changes in distribution from the cytoplasm
to the cell membrane. Cell junctions between cells, in particular tight
junctions, begin to spread (Alikani, 2005). This process has been linked
to activation of the embryonic genome (Desai et al., 2000) and is

Figure 297 A morula of good quality. All blastomeres have been
included in the compaction process and individual cells are no longer
evident.

Figure 298 A fair quality morula. Some cell boundaries are still
visible and a few small cells (or fragments) are not completely incor-
porated into the compaction process.

Figure 299 A fair quality morula. Cell boundaries are still visible
and an occasional cell is not completely incorporated into the com-
paction process.

Figure 300 A poor quality morula with several cells and fragments
excluded from the main mass of compacted cells.

Figure 301 Embryo showing early cavitation with an initial blasto-
coele cavity beginning to appear.

Figure 302 Embryo showing early cavitation. An initial blastocoele
cavity is beginning to appear. The ZP is broken after blastomere
biopsy.
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therefore considered to be a good sign of the developmental capacity of
the embryo. Culture media composition and other environmental con-
ditions can also play a role in the kinetics of an early compaction event.

Compaction can be observed in embryos before the 8-cell stage
(Figs 294 and 295), while embryos with more than 10 blastomeres
that do not show signs of compaction are uncommon (Fig. 296).
A study by Skiadas et al. (2006) showed that early compacted
embryos had an increased implantation potential; however, this was
only true for good quality embryos (,10% fragmentation).

The Istanbul consensus has established that for a Day 4 embryo to
be considered of good quality, all cells must be included in the morula
(Fig. 297), while those embryos in which some cells or fragments are
excluded from the compaction process (Figs 298–300) have a
decreased probability of implantation.

The outer cells of compacted embryos have probably lost their toti-
potency as they are bound to form the trophectoderm (Cauffman et al.,
2009). The next phase of development is the beginning of cavitation that
leads to the formation of the blastocyst (Figs 301 and 302).
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Torelló MJ, Ardoy M, Calderón G, Cuadros J, Herrer R, Moreno JM,
Ortiz A, Prados F, Rodrı́guez L, Ten J. Criterios ASEBIR de valoración
morfológica de Oocitos, Embriones tempranos y Blastocistos. ASEBIR Congress,
Zaragoza, 2005.

Van Blerkom J. Occurrence and developmental consequences of aberrant
cellular organization in meiotically mature human oocytes after
exogeneous ovariona hyperstimulation. J Electron Microsc Techn 1990;
16:324–346.

Van Blerkom J, Davis P, Alexander S. A microscopic and biochemical study
of fragmentation phenotypes in stage-appropriate human embryos. Hum
Reprod 2001;16:719–729.

Van Royen E, Mangelschots K, De Neubourg D, Valkenburg M, Van de
Meerssche M, Ryckaert G, Eestermans W, Gerris J. Characterization
of a top quality embryo, a step towards single-embryo transfer. Hum
Reprod 1999;14:2345–2349.

Van Royen E, Mangelschots K, De Neubourg D, Laureys I, Ryckaert G,
Gerris J. Calculating the implantation potential of day 3 embryos in
women younger than 38 years of age: a new model. Hum Reprod
2001;16:326–332.

Van Royen E, Mangelschots K, Vercruyssen M, De Neubourg D,
Valkenburg M, Ryckaert G, Gerris J. Multinucleation in cleavage stage
embryos. Hum Reprod 2003;18:1062–1069.

Veeck LL. Preembryo grading and degree of cytoplasmic fragmentation. In:
An Atlas of Human Gametes and Conceptuses: An Illustrated Reference for
Assisted Reproductive Technology. New York, USA: Parthenon
Publishing, 1999, 46–51.

Wong CC, Loewke KE, Bossert NL, Behr B, De Jonge CJ, Baer TM, Reijo
Pera RA. Non-invasive imaging of human embryos before embryonic
genome activation predicts development to the blastocyst stage. Nat
Biotechnol 2010;28:1115–1121.

Ziebe S, Petersen K, Lindenberg S, Andersen AG, Gabrielsen A,
Andersen AN. Embryo morphology or cleavage stage: how to select
the best embryos for transfer after in-vitro fertilization. Hum Reprod
1997;12:1545–1549.

Ziebe S, Lundin K, Loft A, Bergh C, Nyboe Andersen A, Selleskog U,
Nielsen D, Grøndahl C, Kim H, Arce JC, for the CEMAS II and III
Study Group. FISH analysis for chromosomes 13, 16, 18, 21, 22, X
and Y in all blastomeres of IVF pre-embryos from 144 randomly
selected donated human oocytes and impact on pre-embryo
morphology. Hum Reprod 2003;18:2575–2581.

The cleavage stage embryo i71

 by guest on Septem
ber 10, 2012

http://hum
rep.oxfordjournals.org/

D
ow

nloaded from
 

http://humrep.oxfordjournals.org/


CHAPTER FOUR

The blastocyst
Thorir Hardarson, Lisbet Van Landuyt, and Gayle Jones
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F.2 More than one point of natural hatching

Introduction
Despite the fact that the first IVF pregnancy ever reported was from a
blastocyst (Edwards and Brody, 1995), the transfer of cleavage stage
embryos has dominated IVF for decades. This was mainly due to dif-
ficulties in successfully culturing embryos to the blastocyst stage as the
culture media used were not complex and did not completely support
normal development. In the early 1990s, knowledge of the metabolic
requirements of the developing embryo increased and both co-culture
techniques and sequential media were introduced. This dramatically
increased the proportion of embryos developing to the blastocyst
stage and therefore the application of blastocyst transfer in clinical
IVF. The main objective of blastocyst culture was to increase the
success rate of IVF because of better embryo selection after
genomic activation and/or better endometrial synchronicity. Blasto-
cyst culture has also been used as a tool to select the most viable
embryos in a cohort with a consequent reduction in the number of
embryos transferred and the corresponding reduction in the incidence
of multiple gestations.

As the popularity of blastocyst culture increased, so did the need
for a morphological scoring system. The blastocyst grading system
introduced by Gardner and Schoolcraft in 1999 was quickly adopted
by the majority of IVF laboratories. Although the system does not
cover all aspects of blastocyst morphology, especially aberrant morph-
ology, it has been very useful in classifying the degree of blastocyst ex-
pansion as well as the morphological appearance of the inner cell mass
(ICM) and the trophectoderm (TE) cells. The Istanbul consensus
document (Alpha Scientists in Reproductive Medicine and ESHRE
Special Interest Group of Embryology, 2011) is mainly based on the
Gardner and Schoolcraft system with some exceptions. The
Gardner and Schoolcraft scoring system was an early attempt to de-
scribe blastocyst quality. The degree of expansion (i.e. Grades 1–6)

was thought to reflect both the number of cells present and the blas-
tocyst’s ability to form a cohesive barrier of cells (TE) through tight
junctions which enables the blastocyst to utilize energy to regulate
their osmotic environment. This morphological differentiation was
thought to represent the developmental capability of the blastocyst.
As the blastocyst expanded, a more detailed morphological ‘picture’
could be obtained allowing for distinction between the ICM and TE
cells (i.e. Grades 3–6). According to the grading system, the ICM
and the TE cells could be assigned three grades depending on the
number of cells present and the cohesiveness of the cell populations.

The blastocyst grading in this Atlas is based on the Gardner and
Schoolcraft system with only minor changes using numerical grades
for ICM and TE instead of letters, enabling mathematical computations,
e.g. mean values. However, their system did not include a number of
important morphological parameters often observed in the IVF labora-
tory. Albeit of unknown importance, some of these parameters were
briefly introduced in the Istanbul consensus document, i.e. the forma-
tion of cytoplasmic strings often linking together different cells and
cell types. Cellular and/or non-cellular structures within the perivitelline
space (PVS) and/or the blastocyst cavity have also been described. In
addition to these parameters we have also included additional morpho-
logical features commonly seen when observing human blastocysts as
described further in the following text and sub-headings.

A. Degree of expansion
A defining moment in embryonic development is when fluid starts to
accumulate between cells at the morulae stage of development. As the
fluid’s volume increases, a cavity appears gradually forming the blasto-
coel. This normally happens between Days 4 and 5 in human embryos
in vitro and marks a new ‘era’ in the embryo’s life, the blastocyst stage.
As the fluid inside the newly formed blastocyst increases, so does the
number of cells, and the combination of these two features causes a
progressive enlargement of the blastocyst and it’s cavity with a conse-
quent progressive thinning of the zona pellucida (ZP). Finally, the
blastocyst breaks free of the ZP through a process called hatching.
The number of cells that comprise a blastocyst can vary considerably
as shown in one study to range between 24 and 322 cells (Hardarson
et al., 2003), which is often reflected in the blastocyst’s morphology.
The physiological events that underlie this transformation of a ‘cellular
mass’ at the compaction stage to a highly structured blastocyst are not
fully understood. However, cells that either by chance or fate are
located in the outer part of the embryo start to flatten out, making
contact with neighboring cells through tight junctions. In this way a
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barrier is created between the outside and the inside of the embryo, a
prerequisite for blastocyst formation. Blastocyst formation is initiated
through an initial secretion between the morula cells and this small
cavity is then maintained and increased by actions of the membrane
channels Na/K-ATPase that raise the salt concentration within the
embryo, attracting water through osmosis (Watson et al., 2004).
This increased water pressure gradually increases the size of the
cavity which continues throughout the blastocyst stages.

The Istanbul consensus document (Alpha Scientists in Reproductive
Medicine and ESHRE Special Interest Group of Embryology, 2011)
uses a simplified system of only four groups combining the first two
and the last two groups of the Gardner and Schoolcraft (1999)
grading system into two single groups which may be a limitation for
the possibility to assess blastocysts. In this Atlas we have adopted
the grading system that divides the grade of expansion into six categor-
ies and the ICM (Section B) and TE cell (Section C) grading into three
categories similar to Gardner and Schoolcraft (1999) but have used
the numerical scoring system suggested by the Istanbul consensus
document: Grade 1 blastocysts are those in which the blastocoel
cavity is less than half of the volume of the embryo (Figs 303–308);
Grade 2 blastocysts are those in which the blastocoel cavity is half,

Figure 303 A very early blastocyst with a small cavity appearing cen-
trally. The blastocyst was transferred but the outcome is unknown.

Figure 304 An early blastocyst with a cavity occupying ,50% of
the volume of the embryo. Note the early formation of the outer
TE cells that are beginning to be flattened against the zona pellucida
(ZP). The blastocyst was transferred and resulted in an ectopic
pregnancy.

Figure 305 A very early blastocyst with a small cavity appearing
centrally and can be seen most obviously at the 12 o’clock position
in this view. Note the cellular debris that is not incorporated into
the early blastocyst formation that has been sequestered to the peri-
vitelline space (PVS).

Figure 306 An early blastocyst with a cavity occupying ,50% of
the volume of the embryo. Note the flattened squamous-like troph-
ectoderm (TE) cells lining the left half of the cavity in this view. The
blastocyst was transferred but failed to implant.

Figure 307 An early blastocyst with a cavity occupying almost 50%
of the volume of the embryo. Note the large flattened TE cells lining
the initial blastocoel cavity and the single spermatozoon embedded in
the ZP at the 11 o’clock position in this view. The blastocyst was
transferred but the outcome is unknown.
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or more than half, of the volume of the embryo (Figs 309–314);
Grade 3 blastocysts are those in which the blastocoel cavity complete-
ly fills the embryo (Figs 315–320); Grade 4 blastocysts in which the

Figure 308 An early blastocyst with a cavity beginning to be
formed centrally. Note the early formation of the flattened TE cells
which at this stage are large, with two cells stretching to line the
cavity from the 9 o’clock to the 3 o’clock position in this view. The
blastocyst was transferred but failed to implant.

Figure 309 An early blastocyst with the cavity clearly visible and
occupying half the volume of the embryo. The blastocyst was trans-
ferred but the outcome is unknown.

Figure 310 An early blastocyst with the cavity occupying .50% of
the volume of the embryo. The overall volume of the blastocyst
remains unchanged with no thinning of the ZP. The large cellular
debris does not take part in the blastocyst formation.

Figure 311 An early blastocyst with the cavity occupying .50% of
the volume of the embryo. The TE cells are very large at this stage.

Figure 312 An early blastocyst with the cavity occupying .50% of
the volume of the embryo. The overall volume of the blastocyst
remains unchanged with no thinning of the ZP. The early ICM can
be seen on the left half of the blastocyst in this view. The blastocyst
was transferred and implanted.

Figure 313 An early blastocyst with the cavity occupying .50% of
the volume of the embryo. The overall volume of the blastocyst
remains unchanged with no thinning of the ZP. The early ICM can
be seen at the base of the blastocyst in this view. The blastocyst
was transferred but failed to implant.
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blastocyst cavity is now greater than the original volume of the embryo
and the ZP is thinned (Figs 321–326); Grade 5 blastocysts or hatching
blastocysts in which the blastocoel cavity is greater than the original
volume of the embryo and the TE is herniating through a natural

Figure 314 An early blastocyst with the cavity occupying .50% of
the volume of the embryo. The overall volume of the blastocyst
remains unchanged with no thinning of the ZP. The early ICM can
be seen at the 12 o’clock position in this view. The blastocyst was
transferred and resulted in a biochemical pregnancy.

Figure 315 Blastocyst (Grade 3:2:1) showing a cavity occupying
the total volume of the embryo. The ICM can be seen at the
3 o′clock position in this view and is loosely made up of only a few
cells. The blastocyst was transferred but the outcome is unknown.

Figure 316 Blastocyst (Grade 3:1:1) showing a very large,
mushroom-shaped ICM at the 10 o′clock position in this view. The
ICM is made up of many cells that are tightly compacted. The blasto-
cyst was transferred and resulted in the delivery of a healthy girl.

Figure 317 Blastocyst (Grade 3:1:1) showing a compact ICM at
the base of the blastocyst in this view. The blastocyst was transferred
and resulted in the delivery of a healthy boy.

Figure 318 Blastocyst (Grade 3:3:2) with no clearly identifiable
ICM and TE cells that in places are quite large and stretch over
great distances to reach the next cell.

Figure 319 Blastocyst (Grade 3:1:1) with a dense ICM clearly
visible at the 10 o′clock position in this view. The TE cells are variable
in size but form a cohesive epithelium. The blastocyst was transferred
but the outcome is unknown.
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Figure 320 Blastocyst (Grade 3:1:1) with a dense, almost triangu-
lar, ICM clearly visible at the base of the blastocyst in this view. The
blastocyst was transferred but failed to implant.

Figure 321 Good quality expanded blastocyst (Grade 4:1:1) with
a large mushroom-shaped ICM. The blastocyst is now a greater
volume than the original volume of the embryo and the ZP is
thinned. There appears to be cytoplasmic strings extending from
the ICM to the TE. The blastocyst was transferred and implanted.

Figure 322 Expanded blastocyst (Grade 4:1:1) with an ICM clearly
visible at the 4 o′clock position in this view. There are very many
evenly sized cells making up a cohesive TE that surround the enlarged
blastocoel cavity. The ZP is very thin. The blastocyst was transferred
but the outcome is unknown.

Figure 323 Expanded blastocyst (Grade 4:1:1) showing a large
ICM at the base of the blastocyst in this view. The ICM is made up
of many cells that are tightly compacted. The blastocyst volume is
now larger than the original volume of the embryo causing the ZP
to thin. The blastocyst was transferred but the outcome is unknown.

Figure 324 Expanded blastocyst (Grade 4:1:1) showing a large
ICM at the 4 o′clock position in this view. The ICM is made up of
many cells and is very compact. The blastocoel cavity is now larger
than the original volume of the embryo and the ZP is very thin.
The blastocyst was transferred but the outcome is unknown.

Figure 325 Expanded blastocyst (Grade 4:1:1) showing a large
ICM at the base of the blastocyst in this view. There are very many
TE cells forming a cohesive epithelium that lines the enlarged blasto-
coel cavity. The ZP is very thin. The blastocyst was transferred but
failed to implant.
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breach in the ZP (Figs 327–332) and Grade 6 blastocyts or hatched
blastocysts are those in which the blastocyst has completely
escaped from a natural breach in the ZP (Figs 333–338). The latter

Figure 326 Expanded blastocyst (Grade 4:1:1) showing a compact
ICM at the 4 o’clock position in this view. The blastocyst is now larger
in volume than the original volume of the embryo causing the ZP to
thin. The blastocyst was transferred but failed to implant.

Figure 327 Hatching blastocyst (Grade 5:2:1) showing a small tri-
angular ICM being drawn out along with the herniating TE cells at the
1 o’clock position in this view. There are very many TE cells of similar
size lining the blastocoel cavity and the ZP is thinned. The blastocyst
was transferred but the outcome is unknown.

Figure 328 Hatching blastocyst (Grade 5:1:1) showing a large,
compact ICM at the 1 o’clock position in this view. Approximately
25% of the blastocyst has herniated from a breach in the thinned
ZP at the 8–10 o’clock positions in this view. The blastocyst was
transferred but the outcome is unknown.

Figure 329 Hatching blastocyst (Grade 5:1:1) showing a large,
compact, crescent-shaped ICM retained within the ZP at the 12
o’clock position in this view. There are very many TE cells and
almost 75% of the blastocyst has herniated out through a breach in
the ZP at the 8–10 o’clock positions in this view. The blastocyst
was transferred but the outcome is unknown.

Figure 330 Hatching blastocyst (Grade 5:1:1) showing a large,
compact ICM at the 2 o’clock position in this view. There are
many TE cells of equivalent size lining the blastocoel cavity and
several TE cells are herniating through a breach in the thinned ZP
at the 8 o’clock position in this view. The blastocyst was transferred
and implanted.

Figure 331 Hatching blastocyst (Grade 5:1:1) showing a large,
compact ICM at the base of the blastocyst toward the 5 o’clock pos-
ition and slightly out of focus in this view. There are very many TE
cells of equivalent size making up a cohesive epithelium. Several TE
cells have herniated out through a breach in the ZP at the 11
o’clock position in this view. The blastocyst was transferred and
implanted.
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two grades should be distinguished from blastocysts that are hatching
or have hatched from an artificial breach in the ZP created by an
assisted hatching procedure or following embryo biopsy whereby
the breach in the ZP is quite large, permitting the blastocyst to
escape earlier and well before complete expansion of the blastocoel
cavity. The artificially hatched blastocyst could therefore contain far
fewer cells than those that undergo natural hatching.

It is not uncommon to observe blastocysts that have collapsed or
are in the process of collapsing (Figs 339–341). In this instance it is
difficult to accurately grade the blastocysts and the consensus docu-
ment (Alpha Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology, 2011) suggests that 1–2 h is allowed
to elapse before the blastocyst is re-assessed as regular cycles of ex-
pansion and collapse are normal and can be observed even without
intervention as has been recorded using continuous time-lapse record-
ing within the incubator.

The timing and grade of blastocyst expansion has been shown by
several investigators to be an important predictor of implantation
(Dokras et al., 1993; Gardner et al., 2000; Shapiro et al., 2008; Ahl-
ström et al., 2011). It must, however, be remembered that embryol-
ogists have traditionally chosen to transfer the most developed
blastocyst with the highest grade of expansion when available for
transfer. No randomized, controlled trial comparing transfer of good
quality blastocysts of a lower grade when they are present within a
cohort that includes blastocysts with higher grades has been under-
taken. Furthermore, recent evidence suggests that human female
embryos undergo X chromosome inactivation from the 8-cell cleavage
stage to the blastocyst stage of development which takes some time,
therefore meaning that female blastocysts may be less expanded than
their male sibling blastocysts but may be just as viable (van den Berg
et al., 2009).

Figure 332 Hatching blastocyst (Grade 5:1:1) showing a large,
compact and slightly granular ICM toward the 3 o’clock position in
this view. There are very many TE cells of varying sizes making up
a cohesive epithelium with several cells herniating out through a
breach in the ZP at the 9 o’clock position in this view. The blastocyst
was transferred but the outcome is unknown.

Figure 333 Hatched blastocyst (Grade 6:1:1) that is now com-
pletely free of the ZP. There is a large, compact ICM slightly out of
focus at the base of the blastocyst toward the 4 o’clock position in
this view. The blastocyst is now more than twice the size of the ori-
ginal expanded blastocyst. The blastocyst was transferred but failed to
implant.

Figure 334 Hatched blastocyst (Grade 6:1:1) that is now com-
pletely free of the ZP showing a compact ICM at the 6 o’clock pos-
ition in this view. The ICM appears to be connected or anchored to
the TE by a broad triangular bridge. The TE cells vary in size but form
a cohesive epithelium. The blastocyst is now more than twice the size
of the original expanded blastocyst. The blastocyst was transferred
but the outcome is unknown.

Figure 335 Hatched blastocyst (Grade 6:1:1) that is now com-
pletely free of the ZP. The ICM positioned centrally at the base of
the blastocyst appears to be connected or anchored to the TE by
several bridges. There are very many TE cells of similar size forming
a cohesive epithelium. The blastocyst is now more than twice the
size of the original expanded blastocyst.
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B. ICM morphology
Once the blastocyst has reached an expansion grade of 3 or more, a
clear distinction can be made between the two newly formed cell
populations. The outer cells of the blastocyst, forming the blastocyst
structure itself are called the TE cells and the cells located inside
the blastocoel, often forming a cell clump at one pole of the blastocyst,
are called the ICM cells. The destiny of the ICM is to become the
embryo proper and its associated extra-embryonic structures. Mor-
phologically, the ICM can range from being very large with tightly
packed cells to almost non-existent with loosely bound cells. Accord-
ingly, the ICM has been categorized into three morphological categor-
ies (Gardner and Schoolcraft, 1999; Alpha Scientists in Reproductive
Medicine and ESHRE Special Interest Group of Embryology, 2011).

Figure 336 Hatched blastocyst (Grade 6:1:1) that is now com-
pletely free of the ZP which can be seen in the same view. Some cel-
lular debris remains behind in the empty ZP. The ICM is large and
compact at the base of the blastocyst and there are many TE cells
making up a cohesive epithelium. In this view, it is possible to
clearly see the increase in diameter of the blastocyst from the diam-
eter of the original embryo which was accommodated within the ZP.

Figure 337 Hatched blastocyst (Grade 6:1:1) that is now com-
pletely free of the ZP which can be seen in the same view. The
breach in the ZP is large. The ICM and TE both have many cells
and the blastocyst has collapsed slightly and appears more dense.
The blastocyst was transferred but the outcome is unknown.

Figure 338 Hatched blastocyst (Grade 6:1:1) that is now only just
free of the ZP which can also be seen in the low magnification view.
The ICM is slightly out of focus in this view and is made up of many
cells. The TE is similarly made up of many cells forming a cohesive
epithelium. There is some cellular debris discarded in the ZP. The
blastocyst was transferred but the outcome is unknown.

Figure 339 Collapsed blastocyst, which judging from the thickness
of the ZP, is at least a Grade 3. The ICM and TE however cannot be
accurately assessed. The blastocyst was transferred but the outcome
is unknown.

Figure 340 Collapsed blastocyst, which judging from the thickness
of the ZP, is at least a Grade 3. In this view the ICM is clearly discern-
ible at the 3 o’clock position and appears to be of Grade 1 quality.
Similarly what can be seen of the TE cells appears to be Grade 1 in
quality. There is some extraembryonic cellular debris in the PVS.
The blastocyst was transferred but failed to implant.
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The best ICM category (1) contains many cells that are tightly packed
together (Figs 342–345), the middle ICM category (2) is composed of
several cells that are loosely grouped (Figs 346–349) and the worst
category (3) describes an ICM that contains very few cells that are
loosely bound (Figs 350–353). The number of cells composing the
ICM can vary as well as the morphology of the cells within the ICM.
Several studies have shown a positive correlation between the mor-
phological appearance of the ICM to clinical outcome, the hypothesis
being that the larger the ICM the better the chances of a successful
implantation (Balaban et al., 2000; Richter et al., 2001).

The shape of the ICM has been observed to be quite variable in
appearance. It has been reported that the optimal shape of the ICM
with respect to implantation potential is more oval in shape rather
than the rounder or more elongated forms (Richter et al., 2001).
The shape of the ICM could in this instance reflect the number of
cells involved. This Atlas identifies some further variability in shape
and has classified the ICM into mushroom shaped (Figs 354–356),
stellate shaped (Figs 357–359) and crescent shaped (Figs 360–362),

Figure 341 Collapsed hatching blastocyst (Grade 5) with the
hatching site clearly visible as a breach in the ZP at the 11 o’clock pos-
ition in this view. There is extraembryonic cellular debris both within
the blastocoel cavity and external to the blastocyst in the PVS. Both
the ICM and TE cannot be properly evaluated. The blastocyst was
transferred but failed to implant.

Figure 342 Expanded blastocyst (Grade 4:1:1) showing a large
ICM at the 4 o’clock position in this view. The ICM is made up of
many cells and is very compact. The blastocyst was transferred but
the outcome is unknown.

Figure 343 Expanded blastocyst (Grade 4:1:1) showing a large
ICM at the base of the blastocyst in this view. The ICM is made up
of many cells that are tightly compacted. The blastocyst was trans-
ferred but the outcome is unknown.

Figure 344 Blastocyst (Grade 3:1:1) showing a very large,
mushroom-shaped ICM at the 10 o′clock position in this view. The
ICM is made up of many cells that are tightly compacted. The blasto-
cyst was transferred and resulted in the delivery of a healthy girl.

Figure 345 Hatching blastocyst (Grade 5:1:1) showing a large ICM
at the base of the blastocyst in this view. The ICM is made up of many
cells that are tightly compacted. The blastocyst was transferred but
the outcome is unknown.
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Figure 346 Blastocyst (Grade 3:2:1) showing a compact ICM at
the 11 o’clock position in this view. The ICM is small relative to
the diameter of the blastocyst and probably made up of few cells.
The blastocyst was transferred but failed to implant.

Figure 347 Blastocyst (Grade 3:2:1) showing a compact ICM at
the 5 o’clock position in this view. The ICM is very small and made
up of only a few cells. The blastocyst was transferred but the
outcome is unknown.

Figure 348 Hatching blastocyst (Grade 5:2:1) showing a compact
ICM at the 8 o′clock position in this view. The ICM is small and flat-
tened and made up of few cells relative to the size of the blastocyst.
The blastocyst was transferred but the outcome is unknown.

Figure 349 Hatching blastocyst (Grade 5:2: 1) showing a compact
ICM toward the 1 o′clock position in this view. The ICM is very small
and made up of few cells relative to the size of the blastocyst. There
are a few small, dark degenerative foci in the TE cells. The blastocyst
was transferred but failed to implant.

Figure 350 Blastocyst (Grade 3:3:2) with no clearly identifiable
ICM and with TE cells that in places are quite large and stretch
over great distances to reach the next cell.

Figure 351 Blastocyst (Grade 3:3:3) with no clearly identifiable
ICM and sparse TE that does not form a cohesive epithelium.
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Figure 352 Expanded blastocyst (Grade 4:3:3) with no clearly
identifiable ICM. TE is made up of a few, sparse cells that do not
form a cohesive epithelium.

Figure 353 Hatching blastocyst (Grade 4:3:1) with no clearly iden-
tifiable ICM but a TE that is made up of many cells forming a cohesive
epithelium. Dark, degenerate cells are present toward the 3 o′clock
position in this view.

Figure 355 Expanded blastocyst (Grade 4:2:1) with a small,
mushroom-shaped compact ICM. There is some cellular debris
present in the space between the ZP and the TE at the 10–12
o’clock positions. The blastocyst was transferred but the outcome
is unknown.

Figure 356 Blastocyst (Grade 3:1:1) showing a very large,
mushroom-shaped ICM at the 10 o’clock position in this view and
made up of many cells that are tightly compacted. The blastocyst
was transferred and resulted in the delivery of a healthy girl.

Figure 357 Expanded blastocyst (Grade 4:1:1) with a large stellate
ICM flattened at the base of the blastocyst in this view. The blastocyst
was transferred and implanted.

Figure 354 Good quality expanded blastocyst (Grade 4:1:1) with
a large mushroom-shaped ICM. There appears to be cytoplasmic
strings extending from the ICM to the TE. The blastocyst was trans-
ferred and implanted.
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the significance of the shape variations to implantation potential being
unknown.

An occasional observation is the presence of two separate ICMs within
the blastocyst. Chida (2000) reported the incidence of a double ICM as
3.1% for in vitro cultured mouse blastocysts and the majority of these
developed after hatching into trophoblastic outgrowth formation with a
double ICM. They found that the frequency of a double ICM was signifi-
cantly higher in in vitro fertilized blastocysts than that for in vivo fertilized
blastocysts (0.6%). Therefore, it was hypothesized that the in vitro fer-
tilization conditions could influence the incidence of double ICMs and
as a consequence the incidence of monozygotic twinning.

Meintjes et al. (2001) reported a human IVF monozygotic pregnancy
resulting from a blastocyst with two distinct ICMs. In fact, it was a triplet
pregnancy obtained after transfer of two Day 5 blastocysts. The mono-
zygotic pregnancy was found to be dichorionic diamniotic, indicating the
splitting of the TE as well. Payne et al. (2007) presented at the ESHRE
congress in 2007 a time-lapse recording of frozen–thawed human
embryos cultured to the blastocyst stage. Out of 26 blastocysts, two
had a double ICM already evident at the early blastocyst stage. Remark-
ably, the second ICM seemed to be developed after ectopic adhesion of
ICM cells to the opposing TE cells following early collapse of the blasto-
coel cavity. This Atlas illustrates two incidences where the ICM appears
to be duplicated (Figs 363 and 364).

Figure 358 Hatching blastocyst (Grade 5:1:2) with a large stellate
ICM present at the base of the blastocyst in this view. The ICM seems
to be connected to the TE cells with short triangular cytoplasmic
strings or bridges. The blastocyst was transferred but failed to
implant.

Figure 359 Expanded blastocyst (Grade 4:1:1) with a large stellate
ICM present at the base of the blastocyst in this view. The blastocyst
was transferred and implanted.

Figure 360 Hatching blastocyst (Grade 5:1:1) with a compact
crescent-shaped ICM flattened to the TE at the 9 o’clock position
in this view. There is a large amount of TE herniating from a
breach in the ZP at the 3 o’clock position and a second smaller
site of herniation at the 6 o’clock position. The blastocyst developed
following ICSI and so the breach in the ZP at the 6 o’clock position
may be a result of the injection site. This blastocyst did not result
in a pregnancy following transfer.

Figure 361 Hatching blastocyst (Grade 5:1:1) showing a large
crescent-shaped ICM at the 12 o’clock position in this view. The
blastocyst was transferred and implanted.

Figure 362 Blastocyst (Grade 3:1:1) with a crescent-shaped ICM
at the 10 o’clock position in this view. The blastocyst was transferred
but the outcome is unknown.
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C. TE morphology
The TE cells can be clearly distinguished from the ICM cells as the
blastocyst begins to expand (i.e. expansion Grade 3 or higher). The
role of the TE cells in the early stages of blastocyst development is
not entirely clear but their role in creating the fluid filled blastocoel
may be a key parameter in ICM determination. The role of the TE
cells, however, is better understood during and after implantation as
they play a key role in apposition, adhesion and invasion of the endo-
metrium, thus allowing the blastocyst to embed in the uterus. The TE
cells also produce several molecular factors that aid in the implantation
process (Aplin, 2000). Without properly functional TE cells, the
embryo would remain within the ZP as these cells are actively involved
in breaking free of the ZP (Sathananthan et al., 2003). The ultimate
fate of the TE cells is to become the fetal extra-embryonic membranes
as well as the placenta.

The TE cells have traditionally been scored in a similar manner to
the ICM, i.e. by their number and cohesiveness according to three dif-
ferent grades (1–3). The best TE category (1) contains many cells that
form a cohesive epithelium (Figs 365–368), the middle TE category

Figure 363 Expanded blastocyst (Grade 4:1:1) with two distinct
ICMs at the 7 and 11 o’clock positions in this view. Both ICMs are
of reasonable size and compact.

Figure 364 Hatching blastocyst (Grade 5:1:1) with two separate
ICMs that appear to be connected to each other at the 2 o’clock pos-
ition in this view. One ICM appears to be smaller than the other and
is beginning to herniate through a breach in the ZP at the 4 o’clock
position along with several TE cells. The blastocyst was transferred
and failed to implant.

Figure 365 Expanded blastocyst (Grade 4:1:1) with many evenly
sized cells making up a cohesive TE surrounding the enlarged blasto-
coel cavity. The ICM is clearly visible at the 4 o′clock position in this
view. The blastocyst was transferred but the outcome is unknown.

Figure 366 Early hatching blastocyst (Grade 5:1:1) with many cells
making up a cohesive epithelium. The ICM is not clearly visible in this
view. The blastocyst was transferred but failed to implant.

Figure 367 Hatching blastocyst (Grade 5:1:1) with many cells
making up a cohesive TE. The ICM is herniating through a breach
in the ZP at the 10 o′clock position in this view. The blastocyst
was transferred but failed to implant.
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(2) is composed of few cells forming a loose epithelium (Figs 369–
372) and the worst category (3) describes a TE that contains very
few, large cells that struggle to form a cohesive epithelium
(Figs 373–376). The grading of the TE cells has been demonstrated
in some reports to have an association with implantation (Zaninovic
et al., 2001; Ahlström et al., 2011), whereas other publications have

Figure 368 Hatching blastocyst (Grade 5:1:1) with many cells,
some of variable size, making up a cohesive epithelium. The blastocyst
was transferred but failed to implant.

Figure 369 Blastocyst (Grade 3:3:2) with TE cells that in places
are quite large and stretch over great distances to reach the next
cell. No ICM can be identified.

Figure 370 Hatching blastocyst (Grade 5.1.2) with few TE cells
that form a loosely cohesive epithelium, and with a mushroom-
shaped ICM at the 12 o’clock position in this view. The blastocyst
was transferred but failed to implant.

Figure 371 Hatching blastocyst (Grade 5.1.2). The TE cells vary in
size with some cells quite large forming a loosely cohesive epithelium.
A stellate ICM can be seen at the 8 o’clock position in this view. The
blastocyst was transferred and failed to implant.

Figure 372 Expanded blastocyst (Grade 4:1:2). The TE cells vary
in size with some cells quite large being particularly evident at the
edge of the blastocyst where the cells stretch over some distance
to reach their nearest neighbors. The blastocyst was transferred
but the outcome is unknown.

Figure 373 Early hatching blastocyst (Grade 5:1:3) with a very
sparse TE that does not form a cohesive epithelium. The ICM is
visible at the 10 o’clock position in this view.
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found no relationship between TE grade and viability (Richter et al.,
2001).

Fong et al. (2001) reported the detailed ultrastructural appearance
of TE cells from naturally hatched and enzymatically hatched blasto-
cysts. There was no difference in the ultrastructural appearance of
the TE cells following exposure to enzyme: outer tight and adherent
junctions, desmosomes, gap junctions, microvilli on the free surfaces,
oval-to-tubular mitochondria with well-developed cristae typical of
blastocysts, rough endoplasmic reticulum, Golgi complexes, occasional
centrioles associated with microtubules, lysosomes, multivesicular
bodies and spherical lipid globules present in many cells. Dark granules
can be observed in many TE cells at the light microscopic level which
are likely to be the lipid globules (Figs 377–379).

D. Cellular degeneration
in blastocysts
Cell death can occur by necrosis or apoptosis, two processes with dif-
ferent morphological features and significance. Necrosis involves swel-
ling of cells and membrane rupture that follows irreversible damage
(Wyllie, 1980). Cell death generally occurs by apoptosis, characterized

Figure 374 Blastocyst (Grade 3:3:3) with sparse TE that does not
form a cohesive epithelium. The ICM is not clearly identifiable.

Figure 375 Expanded blastocyst (Grade 4:3:3) with sparse TE that
does not form a cohesive epithelium. The ICM is hardly distinguish-
able despite the expansion of the blastocoel cavity.

Figure 376 Hatching blastocyst (Grade 5:3:3). The TE varies in
size and does not form a cohesive epithelium. Several loosely cohe-
sive ICM cells can be seen at the 5 o’clock position in this view.
There are several dark degenerate foci within the blastocyst.

Figure 377 Expanded blastocyst (Grade 4:1:1). Note several dark
granules within the majority of the TE cells. The ICM has several frag-
ments. The blastocyst was transferred but failed to implant.

Figure 378 Hatching blastocyst (Grade 5:1:1) showing the her-
niating TE cells at high magnification. Many of the TE cells contain
several dark granules. The blastocyst was transferred but the
outcome is unknown.
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by cellular shrinkage and involves aggregation of nuclear chromatin,
condensation of the cytoplasm and indention of nuclear and cytoplas-
mic membranes (Figs 380–382). The nucleus becomes fragmented,
the cell forms blebs and fragments into apoptotic bodies (Hardy
1997; 1999).

Hardy et al. (1989) showed by differential labelling of TE and ICM
nuclei in supernumerary human blastocysts that the percentage of
cell death was similar in both ICM and TE cells and increased with cul-
turing blastocysts up to Day 7. The dead cell index was ,10% for
Days 5 and 6 good quality blastocysts but was increased up to 27.0
and 38.5% for Day 6 morphologically abnormal and polyspermic blas-
tocysts, respectively. Dead cells within the blastocyst can be dissolved
by the process of phagocytosis.

Isolated foci of degeneration should be distinguished from total de-
generative change within the blastocyst as described and classified as
BG3 blastocysts by Dokras et al. (1993; Fig. 382). These blastocysts
are irredeemable, continue to degenerate further and have no poten-
tial to implant and develop to term.

Arrested cells that have arisen at any time throughout preimplanta-
tion development are often excluded from the formation of the
blastocyst and are sequestered to the PVS and can be observed

between the further developing blastocyst and the ZP (Figs 383–
385). Occasionally these cells, or more likely cells that have arrested
much later in development, are present internally during blastocyst

Figure 379 Hatching blastocyst (Grade 5:1:1) showing many of
the TE cells contain dark granules. Several fragments are associated
with a centrally positioned, compact ICM. The blastocyst was trans-
ferred and implanted.

Figure 380 Blastocyst (Grade 3:1:1) with a compact ICM at the
base of the blastocyst that is associated with several granular cellular
fragments and two darker foci of cell degeneration. The TE cells
appear to be healthy and form a cohesive epithelium. The blastocyst
was transferred but failed to implant.

Figure 381 Hatched blastocyst (Grade 6:1:1) showing many cells
in the TE making a cohesive epithelium. Many of the TE cells contain
dark granules. The ICM is not clearly seen in this view and there are
several degenerative foci (dark cells) associated with the ICM and
polar TE. The blastocyst was transferred and implanted.

Figure 382 Poor quality, degenerating, early blastocyst in which
the majority of cells are showing dark, degenerative changes.

Figure 383 Blastocyst (Grade 3:1:2) with a large, mushroom-
shaped ICM toward the 1 o’clock position in this view. From the
6 o’clock to the 3 o’clock position there is a significant amount of cel-
lular debris, both large and small, between the mural TE and the ZP.
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formation and rather than being sequestered to the PVS are seques-
tered to the blastocoel cavity (Figs 386–388) and take no further
part in development. It has been demonstrated that excluded cells
have poor gap junction communication with the embryo (Hardy
et al., 1996). It was hypothesized that the presence of isolated cells
in the blastocyst at a time when phagocytosis is possible indicates
the absence of cell surface markers that promote their ingestion by
neighboring cells (Hardy, 1997).

Kovacic et al. (2004) studied the developmental capacity of mor-
phologically suboptimal blastocysts, classified into different categories.
It was found that live birth rates after transfer of poor quality blasto-
cysts was decreased in the following order of categories compared
with the live birth rate in a control group of good quality blastocysts
(45.2%): blastocysts with cytoplasmic fragments and necrotic TE
(32.8%), blastocysts with a maximum of 20% excluded blastomeres
(16.7%), necrotic TE and ICM (7.7%) and finally very small blastocysts
with .20% excluded cells (1.2%).

Figure 384 Hatching blastocyst that has collapsed into a dense
mass of cells making it impossible to evaluate the ICM and TE cells.
Several cells not participating in blastocyst formation can be seen in
the PVS.

Figure 385 An early blastocyst with a large blastocoel cavity. Note
the large cellular debris sequestered into the PVS which does not take
part in the blastocyst formation.

Figure 386 Early blastocyst (Grade 2) in which the ICM is not as
yet clearly discernible. Many of the TE cells contain dark granules. In
addition there is a large number of small fragments which can be best
seen between the 8 and 9 o’clock positions in this view. The blasto-
cyst was transferred but the outcome is unknown.

Figure 387 Expanded blastocyst (Grade 4:1:1) in which the ICM is
not clear in this view. The TE cells vary in size but form a cohesive
epithelium. There are several small- to medium-sized fragments
present inside the blastocoel cavity, some of which are quite dark.
The blastocyst was transferred but failed to implant.

Figure 388 Hatching blastocyst (Grade 5:1:1) in which a large,
compact ICM can be seen at the 7 o’clock position and the herniating
TE can be seen at the 12 o’clock position in this view. Several large
fragments can be observed inside the blastocoel cavity. The blastocyst
failed to implant after transfer.
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E. Cytoplasmic strings/bridges
between ICM and TE
TE cells proliferate in the early blastocyst but once the blastocyst is
expanding, the mitotic activity of the mural TE cells (separated from
the ICM by the blastocoel) declines. This means that by the time
the embryo implants, cell division occurs only at the polar region in
both the polar TE cells and ICM (Copp, 1978). Cell numbers increase
in the ICM but this is not the case for the polar TE due to migration of
polar TE cells to the mural TE region, which is mitotically inactive
(Copp 1979). Studies of the ultrastructure of blastocysts have demon-
strated that some TE cells at the polar-mural junction extend cell pro-
jections to the surface of the ICM cells (Figs 389–391; Ducibella et al.,
1975). In the work of Salas-Vidal and Lomeli (2004), these cytoplasmic
extensions or filopodia in mouse blastocysts were extensively charac-
terized. They contain filamentous actin and can be classified into short
and long filopodia. The short filopodia extend both from the ICM and
the mural TE into the blastocoel cavity and are found abundantly. The

long, thin filopodia traverse the blastocoel from the mural TE to a
central ICM cell and were found in 40% of in vivo produced mouse
blastocysts. However, they were observed in almost all in vitro cultured
blastocysts, indicating a possible defect associated with in vitro culture.
Normally, these long extensions appear in the early blastocyst and are
withdrawn in the expanded blastocyst once the polar TE cells have
migrated to the mural TE. When these extensions are still present
during expansion, this could be an indication of poor embryo develop-
ment, breakdown of polarization or poor media conditions (Scott,
2000). With digital imaging video, Salas-Vidal and Lomeli (2004)
observed vesicle-like bulges moving along the long filopodia, suggesting
cellular activity. Immunolocalization of the FGFR2 and ErbB3 receptors
also suggest signal transduction activity within these filopodia indicating
a direct communication between the mural TE and the ICM cells.

F. Other morphological features

F.1 Vacuoles/vacuolation
Vacuoles can arise during in vitro culture of human embryos at any
stage of development (Ebner et al., 2005). Those first detected on
Day 4 of development have the most severe impact on blastocyst de-
velopment (Ebner et al., 2005). Vacuoles appearing in early develop-
ment cannot often be detected within the blastocyst or can be
detected only in excluded cells (Ebner et al., 2005). Vacuoles when
found within the blastocyst appear more often in the TE than in the
ICM (Figs 392–394; Ebner et al., 2005). These vacuoles should be dis-
tinguished from degenerative changes or vacuolation described and
classified as BG3 blastocysts by Dokras et al., 1993.

F.2 More than one point of natural hatching
A rare finding in blastocyst assessment is the occurrence of two or
more sites of hatching (Figs 395–397; 2%; Fong et al., 2001). It has
been suggested that this might arise in ICSI-generated blastocysts
due to incomplete closure of the zona breach created by the micro-
injection pipette (Fong et al., 1997). Hatching at more than one
point in the ZP, particularly when one of the holes is very small
could result in trapping of the blastocyst within the ZP as the pressure

Figure 389 Good quality expanded blastocyst (Grade 4:1:1) with
a large mushroom-shaped ICM and a well organized TE. There
appears to be cytoplasmic strings extending from the ICM to the
TE. The blastocyst was transferred and implanted.

Figure 390 Hatching blastocyst (Grade 5:1:2) with a large stellate
ICM that seems to be connected to the TE cells with short triangular
cytoplasmic strings or bridges. The blastocyst was transferred but
failed to implant.

Figure 391 Hatched blastocyst (Grade 6:1:1) that is now com-
pletely free of the ZP showing a compact ICM that appears to be con-
nected or anchored to the TE by a broad triangular bridge. The
blastocyst was transferred but the outcome is unknown.
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Figure 393 Hatching blastocyst (Grade 5:1:1) showing a compact
ICM at the 6 o’clock position which is associated with several cellular
fragments. The TE is made up of many cells that form a cohesive epi-
thelium but there are two medium-sized vacuoles within TE cells
abutting the ICM toward the 9 o’clock position. The blastocyst was
transferred but failed to implant.

Figure 394 Early blastocyst (Grade 2) with large vacuolization of
the TE distinct from the blastocoel cavity at the 10 o’clock position
in this view. The blastocyst was transferred but the outcome is
unknown.

Figure 395 Early hatching blastocyst (Grade 5:1:1) which is begin-
ning to hatch naturally from two different small breaches in the ZP.
The ICM is large and compact and the TE cells are many and form
a cohesive epithelium. The blastocyst was transferred but the
outcome is unknown.

Figure 396 Hatching blastocyst (Grade 5:1:1) with a large amount
of TE herniating from a breach in the ZP at the 3 o’clock position and
a second smaller site of herniation at the 6 o’clock position. The
blastocyst developed following ICSI and so the breach in the ZP at
the 6 o’clock position may be a result of the injection site. This blasto-
cyst did not result in a pregnancy following transfer.

Figure 392 Expanded blastocyst (Grade 4:3:2) in which a large
vacuole can be seen at the 6 o’clock position between TE cells.
The blastocyst was transferred but the outcome is unknown.

Figure 397 Hatching blastocyst (Grade 5:1:1) with two distinct
points of natural hatching, one at the 11 o’clock and one at the
6 o’clock position. The ICM is large and compact and the TE cells
are many and form a cohesive epithelium. There is a significant differ-
ence in the diameter of the two breaches in the ZP. The blastocyst
developed following standard insemination and so the smaller diam-
eter breach is not a result of sperm injection. The blastocyst was
transferred but failed to implant.
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within the blastocoel cavity would be dissipated and not concentrated
on one hatching site.

References
Ahlström A, Westin C, Reismer E, Wikland M, Hardarson T.

Trophectoderm morphology: an important parameter for predicting
pregnancy and birth after single blastocyst transfer. Hum Reprod 2011;
26:3289–3296.

Alpha Scientists in Reproductive Medicine and ESHRE Special Interest
Group of Embryology. The Istanbul consensus workshop on embryo
assessment: proceedings of an expert meeting. Hum Reprod 2011;
26:1270–1283.

Aplin JD. The cell biological basis of implantation. Baillieres Best Pract Res
Clin Obstet Gynaecol 2000;14:757–764.

Balaban B, Urman B, Sertac A, Alatas C, Aksoy S, Mercan R. Blastocyst
quality affects the success of blastocyst-stage embryo transfer. Fertil
Steril 2000;74:282–287.

Chida S. Monozygous double inner cell masses in mouse blastocysts
following fertilization in vitro and in vivo. J In Vitro Fert Embryo Transf
2000;7:177–179.

Copp AJ. Interaction between inner cell mass and trophectoderm of the
mouse blastocyst. I. A study of cellular proliferation. J Embryol Exp
Morphol 1978;48:109–125.

Copp AJ. Interaction between inner cell mass and trophectoderm of the
mouse blastocyst. II. The fate of the polar trophectoderm. J Embryol
Exp Morphol 1979;51:109–120.

Dokras A, Sargent IL, Barlow DH. Human blastocyst grading: an indicator
of developmental potential? Hum Reprod 1993;8:2119–2127.

Ducibella T, Albertini DF, Anderson E, Biggers JD. The preimplantation
mammalian embryo: characterization of intercellular junctions and
their appearance during development. Dev Biol 1975;45:231–250.

Ebner T, Moser M, Sommergruber M, Gaiswinkler U, Shebl O, Jesacher K,
Tews G. Occurrence and developmental consequences of vacuoles
throughout preimplantation development. Fertil Steril 2005;
83:1635–1640.

Edwards RG, Brody SA. History and ethics of assisted human conception.
In: Brody SA (ed.). Principles and Practice of Assisted Human Reproduction.
Philadelphia, USA: WB Saunders, 1995,17–47.

Fong CY, Bongso A, Ng SC, Anandakumar C, Trounson A, Ratnam S.
Ongoing normal pregnancy after transfer of zona-free blastocysts:
implications for embryo transfer in the human. Hum Reprod 1997;
12:557–560.

Fong CY, Bongso A, Sathananthan H, Ho J, Ng SC. Ultrastructural
observations of enzymatically treated human blastocysts: zona-free
blastocyst transfer and rescue of blastocysts with hatching difficulties.
Hum Reprod 2001;16:540–546.

Gardner DK, Schoolcraft WB. In vitro culture of human blastocysts. In:
Jansen R, Mortimer D (eds). Toward Reproductive Certainty: Fertility and
Genetics Beyond 1999. UK: Parthenon Publishing London, 1999,
378–388.

Gardner DK, Lane M, Stevens J, Schlenker T, Schoolcraft WB. Blastocyst
score affects implantation and pregnancy outcome: towards a single
blastocyst transfer. Fertil Steril 2000;73:1155–1158.
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