
CHAPTER FOUR

The blastocyst
Thorir Hardarson, Lisbet Van Landuyt, and Gayle Jones

Contents
Introduction
A. Degree of expansion
B. ICM morphology
C. TE morphology
D. Cellular degeneration in blastocysts
E. Cytoplasmic strings/bridges between ICM and TE
F. Other morphological features

F.1 Vacuoles/vacuolation
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.
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