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1. Introduction

Personnel involved in the equine embryo transfer
industry need to be able to properly identify and
evaluate embryos. Accurate assessment of devel-
opmental stage, quality, and size of embryos is crit-
ical. It is also important to be able to differentiate
between an embryo, an unfertilized oocyte (UFO),
and non-embryonic structures that may be recov-
ered during an embryo flush procedure.

The objectives are to review developmental stages
of equine embryos and assignment of embryo quality
score or grade.

2. Materials and Methods

Initial detection of an embryo in the search dish
should be followed by a systematic evaluation of the
embryo. In most instances, the evaluation will not
take a long period of time. However, in some cases,
a decision as to whether or not a structure is an
embryo, an unfertilized oocyte, or a non-embryonic
structure may take several minutes. It is recom-
mended that the evaluation consist of developmen-
tal stage, quality score (grade), and size.

A good-quality microscope, with an eyepiece mi-
crometer for measurement of embryo diameter, is
essential for proper embryo evaluation. Embryos
are typically washed through three or more drops
of either flush medium or holding medium before

evaluation. The initial flush fluid in the search
dish may contain a significant amount of cellular
debris. The goal is to transfer the embryo from
that initial medium and sequentially remove as
much debris as possible during the wash proce-
dure. At the conclusion of the wash steps, the
embryo is maintained in holding medium and
evaluated before transfer, shipment to another
facility for transfer, or cryopreservation.

3. Results

Developmental stages of equine embryos are pre-
sented in Table 1 (Figs. 1–4).

Unfertilized oocytes (UFOs) are typically 125–
150 �m in diameter, and the zona pellucida is
thick (Fig. 5). UFOs may be round or oval in
shape but are flat and do not roll when manipu-
lated (versus an embryo). The cytoplasm of this
single-celled structure may be degenerated or
fragmented, somewhat resembling blastomeres of
a morula. An UFO is generally retained within
the oviduct near the ampulla–isthmus junction1,2

and is usually only detected during an embryo
flush procedure if transported through the utero-
tubular junction along with a viable embryo.3

Non-embryonic structures, such as cellular de-
bris, urine crystals, organic material, and other
debris, are sometimes recovered during embryo
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collection attempts. Differentiation from an em-
bryo is based on presence or absence of a zona
pellucida, shape, and size.

A modified four-point grading system is cur-
rently used to evaluate equine embryos at Colo-
rado State University.4,5 Characteristics used to
determine a quality score or grade include the
following: (1) shape of embryo (spherical, oval,
collapsed, etc.), (2) thickness of zona pellucida, (3)
uniformity of blastomeres (size, color, structure),
(4) presence/absence of extruded or degenerated
blastomeres, (5) compactness of blastomeres, (6)
degree of cytoplasmic granulation or fragmenta-
tion, (7) presence/absence and size of perivitelline
space, (8) evidence of dehydration or shrinkage of
embryo, (9) presence/absence of abnormalities of
the blastocoele, and (10) presence/absence of dam-
age to the zona pellucida or capsule (Table 2; Figs.
6, 7).

Adherence of multiple clumps of cells or other
material to the zona pellucida may be a sign of
endometritis in the donor mare or contamination of
the flush procedure. The presence of debris at-
tached to the outside of the embryo does not neces-

sarily influence the assignment of grade. The
presence of external debris is clinically very impor-
tant and should be recorded.

A vast majority (95.5%) of 623 embryos collected
in our clinical practice over a 4-yr period were good
to excellent quality (Table 3).

4. Discussion

The vast majority of embryos collected from mares
are good to excellent in quality. This is likely
because of the selective transport of viable em-

Table 1. Developmental Stages of Equine Embryos

Stage Size (�m) Description

Morula 150–200 �m Solid mass of blastomeres; thick zona pellucida; blastomeres initially large and
individually identifiable; compact aggregate of smaller blastomeres later;
outer edge of blastomeres gives a �serrated� appearance; perivitelline space
may be evident between blastomeres and zona pellucida; rolls when
manipulated (Fig. 1)

Early blastocyst 150–250 �m Thick zona pellucida; blastocoele cavity beginning to form between
blastomeres; minimal perivitelline space; size similar to morula (Fig. 2)

Blastocyst 150–300 �m Blastocoele cavity surrounded by a layer of trophoblast cells; distinct inner cell
mass; capsule evident between trophoblast layer and zona pellucida; zona
pellucida thin (Fig. 3)

Expanded blastocyst 300 to �1000 �m Large blastocoele cavity surrounded by a thin layer of trophoblast cells;
trophoblast cells small and uniform in appearance; distinct inner cell mass
protruding into blastocoele; zona pellucida may still be present or may have
been shed; capsule may be adherent to embryo or slightly detached; embryo
diameter is dependent on age (Fig. 4)

UFO 125–150 �m Thick zona pellucida; oval in shape; flat; does not roll on manipulation; cell
membrane and cytoplasm may be degenerated or fragmented (Fig. 5)

Table 2. Embryo Grade Assignment Based on a Four-Point System

Grade Comment Description

1 Excellent No abnormalities observed; spherical in shape; cells of uniform size, color and texture;
size and developmental stage appropriate for age post-ovulation (Figs. 1–4)

2 Good Minor imperfections, such as a few extruded blastomeres; slight irregularities in
shape, size, color, or texture; limited separation between trophoblast layer and zona
pellucida or capsule (Figs. 6 and 7)

3 Poor Moderate level of imperfections, such as a larger percentage of extruded or
degenerated blastomeres; partial collapse of blastocoele; or moderate shrinkage of
trophoblast from zona pellucida or capsule

4 Degenerate or dead Severe problems easily identified, such as a high percentage of extruded blastomeres,
complete collapse of blastocoele, rupture of zona pellucida, or complete degeneration
and embryonic death

UFO UFO Unfertilized oocyte

Table 3. Percentage of Embryos of Various Grades Recovered From
Mares

Embryo Grade

Embryos

Number Percent

1.0–1.5 470 75.4%
2.0–2.5 125 20.1%
3.0–3.5 26 4.2%
4.0 2 0.3%
Total 623 100%
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Fig. 1. Morula stage equine embryo (grade 1).
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Fig. 2. Early blastocyst stage equine embryo (grade 1).
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Fig. 3. Blastocyst stage equine embryo with inner cell mass visible (grade 1).
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Fig. 4. Expanded blastocyst stage embryo (grade 1).
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bryos through the oviduct.2 Poor-quality em-
bryos, dead embryos, and UFOs are likely
retained in the oviduct.

Recovery of an embryo that is smaller than ex-
pected and/or of an earlier developmental stage
than expected is not unusual when performing an
embryo collection attempt on an older mare or a
mare that has been bred with frozen semen. Re-
covery of such an embryo may reflect delayed em-
bryonic development, inadequate oviductal or
uterine environment, or other factors. Recogni-
tion that an embryo is delayed in development is
important, because pregnancy rates may be opti-
mized if the embryo is transferred into a mare that
is synchronized relative to embryonic develop-
ment, rather than ovulation day of the donor
mare.

It is not unusual to identify an UFO in a uterine
flush in which a viable embryo is also recovered.
It is less common to recover an UFO in the absence

of an embryo. In that instance, one should con-
sider the likelihood that a viable embryo is still
present either in the uterus or in the oviduct of the
mare. Re-flushing the mare will often result in
recovery of a viable embryo.

5. Summary

The ability to accurately evaluate developmental
stage, assess quality, and determine size of an
equine embryo is critical to the success of an em-
bryo transfer program. It is recommended that a
consistent method be used for embryo evaluation
and that an accurate log be maintained for all
embryos and subsequent transfer success. It is
also recommended that photographs be captured
of all embryos, if possible. Decisions on selection
of an appropriate recipient mare, prognosis for
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Fig. 5. A pair of unfertilized oocytes.

Fig. 6. Grade 2 early blastocyst stage embryo; note extruded
blastomeres (arrows).

Fig. 7. Grade 3 morula stage embryo; note large percentage of
extruded blastomeres (arrows).
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transfer success, and ability to determine whether
an embryo can be successfully cryopreserved are
dependent on an accurate embryo evaluation.
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