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Determination of a change in a cell population

The present invention relates to a method and a system for determination of a change

in a cell population, as well as a method for using said method and system for estimat-

ing a quality measure of embryos and for selecting embryos for in vitro fertilisation.

Background

Infertility affects more than 80 million people worldwide. It is estimated that 10% of all

couples experience primary or secondary infertility (Vayena et al. 2001). In vitro fertili¬

zation (IVF) is an elective medical treatment that may provide a couple who has been

otherwise unable to conceive a chance to establish a pregnancy. It is a process in

which eggs (oocytes) are taken from a woman's ovaries and then fertilized with sperm

in the laboratory. The embryos created in this process are then placed into the uterus

for potential implantation. To avoid multiple pregnancies and multiple births only a few

embryos are transferred (normally less than four and ideally only one (Bhattacharya et

al. 2004)). Selecting proper embryos for transfer is a critical step in any IVF-treatment.

Current selection procedures are mostly entirely based on morphological evaluation of

the embryo at different timepoints during development and particularly an evaluation at

the time of transfer using a standard steϊ eomicroscope. However, it is widely recog¬

nized that the evaluation procedure needs qualitative as well as quantitative improve¬

ments.

Early celldivision. A promising new approach is to use 'early division 1 to the 2-cell

stage, (i.e. before 25-27 h post insemination/injection), as a quality indicator. In this

approach the embryos are visually inspected 25 - 27 hours after fertilization to deter¬

mine if the first cell division has been completed. Several studies have demonstrated

strong correlation between early cleavage and subsequent development potential of

individual embryos. (Shoukir et al., 1997; Sakkas et al., 1998, 2001 ; Bos-Mikich et al.,

2001 ; Lundin et al., 2001 ; Petersen et al., 2001; Fenwick et al., 2002; Neuber et al.

2003; Salumets et al., 2003; Windt et al., 2004). The need for more frequent observa¬

tion has been pointed out by several observers, however, frequent visual observations

with associated transfers from the incubator to an inverted microscope induces a

physical stress that may impede or even stall embryo development. It is also time con¬

suming and difficult to incorporate in the daily routine of IVF clinics.



Several researchers have performed time-lapse image acquisition during embryo de¬

velopment. This has mainly been done by placing a research microscope inside an

incubator or building an "incubator stage" onto a microscope stage with automated im-

age acquisition. The "incubator" maintain acceptable temperature (37 0C), humidity (>

90%) and gas composition (5% CO2 and in some cases reduced oxygen concentra¬

tion). Manual assessment of time-lapse images has yielded important information

about timing and duration of cell divisions (Grisart et al. 1994, Holm et al. 1998, Maje-

rus et al. 2000, Holm et al. 2002, Holm et al. 2003, Lequarre et al. 2003, Motosugi et al.

2005).

An alternative experimental setup involves placing an image acquisition system inside

an incubator to observe the embryos during development without stressing them by

moving them outside the optimized conditions inside the incubator. A commercial sys-

tern the EmbryoGuard is being manufactured and sold by IMT international (see litera¬

ture list.) In this setup it is possible to observe the embryos online inside the incubator.

Conventional image analysis. Morphological scoring of embryo images and time-lapse

videos of embryo development have relied on manual analysis where the viewer gives

grades to picture and the computer only keep track of this grading, generating an anno-

tated timeline showing when major changes occurred. An example of such software is

the annotation software provided with the time-lapse image acquisition system of Em¬

bryoGuard. Examples of manual analysis of time-lapse videos can be found in Grisart

et al. 1994, Holm et al. 1998, Majerus et al. 2000, Holm et al. 2002, Holm et al. 2003,

Lequarre et al. 2003, Motosugi et al. 2005.

Current software for quantitative image analysis of embryo pictures employs a semiau¬

tomatic or computer assisted algorithm. This is a computer aided image scoring where

the user uses drawing tools to delineate embryonic structures that are subsequently

quantified based on the user derived outline of these. Several programs to perform

semiautomatic analysis of embryo pictures are commercially available (e.g. FertiMorph

from lmageHouse, Copenhagen, Denmark). Several attempts have been made to

make a fully automated analysis system (e.g. PhD thesis of Christina Hnida) for em-



bryo pictures. However, the general use of Hoffmann modulation contrast (HMC) im¬

ages in embryology and IVF laboratories have made automatic cell detection difficult.

Automated image analysis has been developed for other applications such as detection

of mitotic cells in cell cultures (Eccles et al. 1986, Klevecz et al. 1988 US patent

US4724543, Belien et al. 1997, and Curl et al. 2004). All the reported automatic algo¬

rithms use the classical scheme for quantitative image analysis:

1. Acquire image

2. Enhance image

3. Segment image into regions of interest (ROI's) by thresholding

4. Count and characterize the ROI's (size, density etc.)

A general description of these steps and numerous variants of each can be found in

review articles and textbooks on image analysis (e.g. the review of histological image

analysis by Oberholzer et al. 1996 or The Image Processing Handbook, 4th Ed. 2002

by John Russ). The best methods to enhance the presentation of structures of interest

depend on the image at hand (e.g. microscopy pictures) and the representation of the

structure of interest (e.g. nuclei), and many different variants have been used. How¬

ever, enhancement procedures are always used to facilitate segmentation of the pic¬

ture j n order to identify .and delineate-regions of interest Once these regions have been

found and identified they can be characterized further with respect to area, size, inten-

sity, position etc.

The segmentation itself is accomplished by comparing the pixel intensity (or a function

derived from the pixel intensity) to a given threshold. Areas above the threshold belong

to the region of interest (ROI) which is usually the object (e.g. nuclei) that must be

measured. Numerous different algorithms for this segmentation are used but they al¬

ways serve the same purpose i.e. a segmentation of the image.

Automated analysis of time-lapse microscopy images to detect cell division is pre¬

sented in a paper by Eccles et al. 1986. The paper describes a method for automated

detection of cell division in synchronized mammalian cells by analysis of images in a

time-lapse series. The image analysis algorithm described and used in this paper does

not use intensity differences in consecutive frames. Instead it analyses each image by



first extracting high-frequency picture components, then thresholding and probing for

annular objects indicative of putative mitotic cells. This operation constitutes a segmen¬

tation of the image to detect the cell outlines and their relative position. Spatial and

temporal relationships between annuli on consecutive frames were examined to dis-

cern the occurrence of mitoses.

Another approach is presented in US231 85450 to analyze the image sequence by us¬

ing a self-similarity matrix method. The matrix consists of normalized pairwise similarity

values. This method is used to analyze the long and short term similarities between

frames.

All patent and non-patent references cited in the application, or in the present applica¬

tion, are also hereby incorporated by reference in their entirety.

Summary of the invention

The present invention relates to a method and a system for automated determination of

a change in a cell population, such as a grouped cell population, such as an embryo. A

change may be cellular rearrangement, such as cell movement or cell motility.

Relevant changes also include cell division and cell death. The temporal pattern and

magnitude of the changes indicates the quality of the cell population.. Thereby the

invention facilitates the selection of optimal embryos to be implanted after in vitro

fertilization (IVF) or the invention may also be used to determine the number of cell

divisions occurring in a confluent cell culture per time unit.

Embryo quality can be derived from the observed spatio-temporal pattern of cellular

rearrangement within the zona pellucida. The amount of cellular rearrangement at a

given time-point can be calculated from differences between sequentially acquired

images. Many different non-normalized parameters can be used to quantify the amount

of change. As described below a most preferred method is standard deviation (or

variance) in the resulting difference image. As opposed to prior art it is preferred that

the parameter is not normalized, i.e. that it is a measure of "difference" not similarity.

One novel aspect of the invention is that temporal patterns of cellular rearrangement

within an embryo can indicate embryo quality. The cellular rearrangement corresponds

to movement of at least one, preferably more than two most preferably all cells within



the embryo. The cellular rearrangement may be related to cell division, but have the

advantage of being much more readily and easily detectable as the particular cells that

undergo division need not be observed directly but can be measured indirectly by the

associated rearrangement of adjacent cells. Because of the indirect effect we need not

identify the dividing objects as "regions of interest" in the image (indeed the dividing

cells may even be absent from the image.) Cellular rearrangement will arise as a result

of cell division as the cells bump into each other and a large fraction (sometimes all)

cells change position after each cell division because the embryonic cells are confined

by the Zona pellucida. However, other mechanisms may cause cell movement (and

cellular rearrangement) independent of cell division or may cause movement (and

cellular rearrangement) to persist after cytoplasmic cell division is complete.

In particular the present invention relates to the finding that parameters derived directly

from a difference image obtained by comparing at least two images of the grouped cell

population correlates to a change in the grouped cell population. Thus, the present

invention presents an improved method as compared to prior art methods. In prior art

methods, including enhancements used to analyze sequential images such as time

lapse images, a calculation of intensity difference between consecutive frames for each

pixel in the image are used as starting point for subsequent employment of

__ conventional image analysis of enhancement and segmentation before any information

of the embryo or the cells is obtained.

Accordingly, in a first aspect the invention relates to a method for determining a change

in a cell population comprising at least one cell, said method comprising the steps of

a) sequentially acquiring at least two images of the cell population

b) comparing at least a part of the at least two images obtaining at least one

difference image

c) computing a parameter from the at least one difference image, and

d) based on said computed parameter determining whether a change has

occurred.



Furthermore, in a second aspect the invention relates to a system for determining a

change in a cell population comprising at least one cell, said system comprising

a) means for sequentially acquiring at least two images of the cell population

b) means for comparing at least a part of the at least two images obtaining at least

one difference image

c) computer for computing a parameter from the at least one difference image,

and

d) means for determining whether a change has occurred based on said

computed parameter.

In a third aspect the invention relates to a method for selecting a fertilised oocyte or

embryo suitable for transplantation, freeze preservation or elimination said method

comprising

a) determining changes in the oocyte or embryo by a method as defined in any of

. claims 1 - 89, and - -

b) selecting the oocyte or embryo suitable for transplantation, freeze preservation

or elimination

In a fourth aspect the invention relates to a system for determining the quality of a cell

population comprising at least one cell, said system comprising

a) means for sequentially acquiring at least two images of the cell

population

b) means for comparing at least a part of the at least two images obtaining

at least one difference image

c) computer for computing a parameter from the at least one difference

image, and



d) means for determining whether a change has occurred based on said

computed parameter.

In a fifth aspect the invention relates to a method for determining a the quality of a cell

population comprising at least one cell, said method comprising the steps of

a) sequentially acquiring at least two images of the cell population

b) comparing at least a part of the at least two images obtaining at least

one difference image

c) computing a parameter from the at least one difference image

d) based on said computed parameter determining the quality of the cell

population.

Furthermore, in a preferred embodiment the said cell population is an embryo or

oocyte.

Drawings

Fig. 1 Analysis of time-lapse images of bovine embryos obtained with 20 min intervals

from 8 to 60 hours after fertilization. Difference images were computed as differences

between consecutive frames. On the figure is shown the average absolute intensity for

all pixels in the difference image (open circles), the standard deviation of the intensity

(filled squares) and the maximum observed intensity (filled triangles). The latter vari¬

able is shown on the right-hand scale the others on the left hand scale. Cell division

were observed after 28 hrs, 38 hrs and 48 hrs.

Fig. 2 Image analysis of timelapse series on bovine embryo development. Analysis of

a series of 167 images obtained at 20 min intervals during embryo development. The

result stack show the calculated difference images which are analyzed to produce the

movement curves shown below. All analysis parameters can be exported for post

processing as a tab delimited text file.



Fig. 3 Images of bovine embryo development. 167 images obtained at 20 min intervals

starting 8 hours after fertilization

Fig. 4 Difference images calculates from the embryo images shown in Fig. 3. Acquisi¬

tion time for each image as hours after fertilization is inserted.

Fig. 5 Graphical output of the ImageJ macro shown in Fig. 4. Gray line is Standard de¬

viation and Black line is mean absolute difference intensity

Fig. 6 Detection of cell divisions in a confluent monolayer of cells, (e.g. stem cells grow¬

ing on a layer of feeder/support cells), Direct analysis of the full area shown by open

symbols in the uppermost graph. Analysis of each of the four quartiles (indicated on the

photograph) are shown below. Interpretation of the full area graph is difficult whereas

individual cell divisions are clearly observable in each quartile shown below. All data

are theroretical used to illustrate the method principle.

Fig. 7 Blastomere activity of two representative bovine .embryos. "Good'-developed-to a

hatching bastocyst, whereas "Bad" never developed to blastocyst.

Fig. 8 Blastomere activity of 4 1 bovine embryos from 24 to 175 hours after fertilization.

The blastomere activity is displayed as a pseudo-gel-image where motility peaks are

indicated by dark bands and inactivity is white each lane corresponds to a single em¬

bryo and each pixel correspond to the difference obtained within 30 minutes.

Fig. 9 Blastomere activity of thirteen representative bovine embryos. "Good" embryos

developed to a hatching bastocyst are represented by green curves. "Bad" embryos

never developed to blastocyst are shown in read. X-axis is frame number y-axis is blas¬

tomere activity. Image acquisition started 24 hours after fertilization and progressed

with 2 frames per hour. The green curves have been displaced on the y-axis by adding

30 to the blastomere activity value.



Fig. 10 Average blastomere activity for all acquired frames (Light area = high blas-

tomere activity, dark area = low blastomere activity).

Fig. 11 Blastomere activity of 2 1 bovine embryos that did not develop to high quality

blastocysts. The three parts of the curves that are used to classify the blastomere

activity pattern are indicated.

Fig. 12 Blastomere activity of 18 bovine embryos that did not develop to high quality

blastocysts. The three parts of the curves that are used to classify the blastomere

activity pattern are indicated.

Fig. 13 Application of selection criteria based on A) R 1 = ratio between average blasto¬

cyst activity in part 1 and in part 3 of the blastocyst activity pattern. B)R2 = ration be¬

tween standard deviation of the blastocyst activity in part 2 and in part 3 of the blaso-

cyst activity pattern.

Fig. 14 Correlation between cell divisions detected manually and automatically for 13

representative embryos. About 10 % of the cell divisions were not detected by this

algorithm, but otherwise the correspondence is excellent.

. _

Fig. 15 Manually detected cell divisions for good and bad embryos.

Detailed description of the invention

Definitions

Cell division period: the period of time from the first observation of indentations in the

cell membrane (indicating onset of cytoplasmic division) to the cytoplasmic cell division

is complete so that the cytoplasm of the ensuing daughter cells are segregated in two

separate cells.

Inter-division period: the period of time from end of one cell division period to the onset

of the subsequent cell division period.



Division cycle: The time interval between onset of consecutive cell divisions ie. from

start of one cell division period to start of the subsequent cell division

Cellular movement: Movement of the center of the cell and the outer cell membrane.

Internal movement of organelles within the cell is NOT cellular movement. The outer

cell membrane is a dynamic structure, so the cell boundary will continually change po¬

sition slightly. However, these slight fluctuations are not considered cellular movement.

Cellular movement is when the center of gravity for the cell and its position with respect

to other cells change as well as when cells divide. Cellular movement can be quantified

by calculating the difference between two consecutive digital images of the moving cell.

Organelle movement: Movement of internal organelles and organelle membranes

within the embryo which may be visible by microscopy. Organelle movement is not

Cellular movement in the context of this application.

Cellular re-arrangement: A shift in position of two or more cells in the population. Cellu¬

lar re-arrangement involves cellular movement of two or preferably more most prefera¬

bly all blastomeres in the embryo.

Image: A transformed or unrtransformed data set corresponding to-a spatial distribution

divided into spatial pixels (2D) or voxels (3D) recorded from the cell population. It is

understood that pixels in the description of the invention pixels may be replaced by

voxels without parting from the scope of the invention.

Difference image: A transformed or un-transformed data set corresponding to a spatial

distribution divided into spatial pixels (2D) or voxels (3D) from the data set of two im¬

ages by a pixel by pixel calculation.

Method and system for determining cellular re-arrangement

The present invention is a method and a system for determining changes in a cell

population, such as a grouped cell population, such as developing embryos, by analyz¬

ing time-lapse images of the grouped cell population to determine when a cell change

has occurred as well as the general activity level of the cell population.



In the present context the term "grouped cell population" means a population of one or

more cells, in particular a population of one or more cells wherein a cell division in the

cell population leads to a 3-dimensional change in the relative position of one or more

cells in the cell population. Thus, the grouped cell population is preferably a cell popu-

lation growing in a lump as opposed to a cell population growing only in one or two

dimensions. Examples of grouped cell populations are a developing embryo or a lump

of stem cells growing on a feeder layer or a confluent cell layer where the boundaries

of individual cells are difficult to discern.

Embryo

An embryo is approximately spherical and is composed of one or more cells (blas-

tomeres) surrounded by a gelatine-like shell, a cellular matrix known as the zona pellu-

cida. The zona pellucida performs a variety of functions until the embryo hatches, and

is a good landmark for embryo evaluation. The zona is spherical and translucent, and

should be clearly distinguishable from cellular debris.

An embryo is formed when an oocyte is fertilized by fusion or injection of a sperm cell

(spermatozoa). The term is traditionally used also after hatching (i.e. rupture of zona

pellucida) and the ensuing implantation. For humans the fertilized oocyte is traditionally

called an embryo for the first 8 weeks. After that (i.e. after eight weeks and when all

major organs have been formed) it is called a foetus. However the distinction between

embryo and foetus is not generally well defined.

During embryonic development, blastomere numbers increase geometrically (1 -2-4-8-

16- etc.). Synchronous cell division is generally maintained to the 16-cell stage in em¬

bryos. After that, cell division becomes asynchronous and finally individual cells pos¬

sess their own cell cycle. For bovine cells: The cells composing the embryo should be

easily identified by the 16-cell stages as spherical cells. After the 32-cell stage (morula

stage), embryos undergo compaction. As a result, individual cells in the embryo are

difficult to evaluate beyond this stage. For human embryos compaction occurs some¬

what earlier and individual balstomeres can not readily be counted at the 16 cell stage.

Human embryos produced during infertility treatment are usually transferred to the re¬

cipient before the morula stage, whereas other mammalian embryos are often cultured

experimentally to a further development stage (expanded blastocysts) before transfer



to the recipient or discharge. In some cases also human embryos are cultivated to the

blastocyst stage before transfer. This is preferably done when many good quality em¬

bryos are available or prolonged incubation is necessary to await the result of a preim-

plantation genetic diagnosis (PGD). Accordingly, the term embryo is used in the con-

ventional manner to denote each of the stages fertilized oocyte, zygote, 2-cell, 4-cell, 8-

cell, 16-cell, morula, blastocyst, expanded blastocyst and hatched blastocyst.

Confluent cell layer and other examples of application of the present invention

The present invention may also be used to detect cell divisions in other cell cultures

than developing embryos. Of particular interest are cases where individual cell bounda¬

ries are difficult to determine exactly, and classical image analysis involving segmenta¬

tion and identifying cellular objects are hard to perform. These cases include investiga¬

tions of cell division in culture lumps; cell divisions in or above confluent cell layers

such as bilayers or tissue samples. It may also include cell divisions of cells grown atop

of feeder cell layers such as stem cells, or cells grown atop of other structures that

makes traditional segmentation difficult.

Acquisition of an image

The term "image" is used to describe a representation of the region to be examined, i.e.

the term image includes 1-dimensional representations, 2-dimensional representations,

3-dimensional representations as well as n-dimensional representations. Thus, the

term image includes a volume of the region, a matrix of the region as well as an array

of information of the region.

The image of grouped cell population may be composed of any type of images, such

as photographs, photographic films, and digital images in terms of an image generated

by presented on a CCD chip, CMOS chip, video camera, still camera, flat-bed scanner,

drum - scanner, laser-scaner, photomultiplier, digitizerarray or any other image acqui¬

sition devicethe like, it is however preferred that the image is digitized in order to facili¬

tate the subsequent image comparison.



In particular the image may be phase contrast pictures, dark field images, bright field

image using Kόhler optics, Hoffmann modulation contrast image, interference modula¬

tion contrast image, polarization image, a fluorescence image, an infrared image, or a

near-infrared image, an ultra-violet image or a combination thereof or any other type of

optics that visualize the boundaries of the individual cells and or cellular organelles

such as the nucleus. Usually 8-bit images (i.e. 256 different gray levels are adequate,

however high resolution (12 or 16-bit) images may also be used. Color images may be

converted to gray-scale images prior to analysis but can also be analysed in different

color spaces or color separated as may be useful for composite fluorescence images.

Furthermore, pixels may take positive as well as negative values.

However, the images in question are images of living cells so the means of producing

the images should preferably not harm the cells themselves.

Thus, by the term "acquiring an image" is included both that the images may be ac¬

quired from a camera but also from a digital storage media, computer CPU, harddisc,

CDROM, book, printout, traditional photograph and scanned images as well as other

sources. However, in most cases images will be acquired by a digital camera.

Normally the image is acquired using a microscope, such as a digital camera mounted

in a microscope or an equivalent lens system. The level of magnification and image

resolution is generally not critical, as long as the embryo preferably encompass at least

25 pixels in the image, such as at least a hundred pixels in the image. In a typical ap¬

plication the embryo will occupy several thousand pixels. In general the highest possi-

ble contrast and magnification should be used, though the pictures may subsequently

be scaled down during analysis (see below). However in cases of very high resolution

pictures (» 1 million pixels) it may be necessary to scale the picture to reduce its size

(See below).

Preferably the effective resolution of the said at least two images is selected so that the

largest dimension of the said cell population occupies from 1 pixels to 10 mega pixels,

preferably 10 pixels to 1 mega pixels, preferably 50-1 000 pixels, preferably 100-1 000

pixels, preferably 200-1000 pixels, preferably 500-1000 pixels, preferably 200-500

pixels.



In one embodiment the effective resolution of the said at least two images is selected

so that the largest dimension of the said cell population occupies substantially 1-10

pixels., or 10-50 pixels, or 50-100 pixels, or 100-200 pixels, or 200-500 pixels, or 500-

1000 pixels, or 1000 pixels - 1 mega pixels, or 1-10 mega pixels, or more than 10 mega

pixels.

Preferably a sequence of consecutive images is acquired from the cell population hav¬

ing a number of images, such as at least 2 images, such as at least 3 images, such as

at least 4 images, such as at least 5 images, such as at least 6 images, such as at

least 7 images, such as at least 8 images, such as at least 9 images, such as at least

10 images, such as at least 25 images, such as at least 50 images, such as at least

100 images, such as at least 200 images, such as at least 1000 images, such as at

least 10000 images, such as at least 100000 images, such as at least 1 million images,

such as at least 50 million images.

The time between two consecutive acquisition is preferably at most corresponding to

the time period of one cell division, and on the other hand it is preferred that a minimum

of images are acquired in order to facilitate processing.

Preferably the time between two consecutive acquisitions is at least 1/100 of a sec¬

onds, preferably at least 1/50 of a second, preferably at least 1/10 of a second, pref¬

erably at least 1 second, preferably at least 10 seconds, preferably at least 1 minute,

preferably at least 2 minutes, preferably at least 10 minutes, preferably at least 30

minutes, such as about 30 minutes 1 hour.

Also, the time between two consecutive acquisitions is preferably at most 2 hours, such

as at most 1,5 hours, such as at most 1 hour, such as at most 30 minutes, such as at

most 20 minutes, such as at most 10 minutes, such as at most 5 minutes, such as at

most 2 minutes, such as at most 1 minute.



Difference image

Previous attempts to detect cell division in embryos have tried to segment the image to

count the number of blastomeres (= cells) present and to determine when that number

increased. This method works well for essentially planar cell cultures as described by

Eccles to detected cell division in mammalian cell lines (Eccles et al. 1986). However, it

becomes much more difficult to do for three dimensional embryos where multiple im¬

ages from different focal planes have to be analyzed and compared to know which sec¬

tions are parts of the same blastomere. It becomes practically impossible, as image

segmentation most often be performed on Hoffmann modulation contrast (HMC) im¬

ages that are easily interpreted by the human visual system, but are not well suited for

computer based image analysis.

The present invention does not rely on segmentation of the image to identify regions of

interest such as the outline of individual blastomeres. Instead the present invention

estimates cellular rearrangement in the image sequence. This is obtained by at least

one and preferably a series of difference images(s) from at least two images of the

grouped cell population. In some embodiments the difference image might be obtained

by comparing the most resent image with a linear combination or other functional rela-

tionship of previous images. At least one parameter of said difference images is evalu¬

ated to determine a change in the grouped cell population. In a preferred embodiment

the difference image(s) is obtained from consecutive/subsequent images of the cell

population.

The method involves computing a difference image based on acquired image frames.

Any suitable difference image may be applied according to the invention, such as a

difference image obtained by subtracting two images, or a difference image obtained

by establishing a ratio of the two images. The difference image may be obtained from

the original images as such or from any transformation image of the two images. An

example of the latter is a difference image being the logarithm transformation of the

ratio of pixel intensities in the two original images. (This is equivalent to an intensitity

difference image between logarithm transformed images). In a preferred embodiment

the difference image may be an intensity difference image.



Commonly, values for corresponding pixels in the images are correlated to the light

intensity encountered at the corresponding position at the times when the images were

acquired. However, other value types include phase-values, such as phase contrast, or

spectral characteristics such as the ratio of energy in two spectral bands, the centre of

gravity in a spectral distribution or the like. Accordingly, in a different preferred em¬

bodiment the difference image is a phase difference image or a spectral difference im¬

age. Where the first may be suitable to apply the method of the present invention to

images obtained by a phase-contrast microscope whereas the latter may be suitable to

apply the method of the present invention to colour images and/or more advanced spa¬

tially distributed spectroscopy.

Thus, in one embodiment the difference images are obtained by subtracting intensity

values for corresponding pixels in two consecutive images i.e.

Dn(Ij) = /n(i,j) - UU)

Where On(IJ) is the intensity difference at position i , j at time n

/n(i,j) is the intensity at position i, j at time n

7
n-

i(i,j) is the intensity at position i , j at time n - 1

The difference image is often displayed as an image. This requires appropriate scaling

as calculated difference may be either positive or negative. However, it is not neces¬

sary for the purpose of the present invention to establish a graphic representation of

the difference, since the present invention does not rely on segmentation of difference

image but merely on a numerical analysis of all the values of the pixels in the difference

image Dn(x,y). A graphic representation depicting the difference image is not neces-

sary. If a graphic representation is established it is advantageous to avoid round-off or

scaling which may be undesired or even detrimental to the algorithm.

In another embodiment the difference image is obtained as the intensity ratio between

image intensities for pixels in consecutive images. It may be advantageous, in order to

reduce noise, to transform the original images and/or the ratio in one embodiment. In

one embodiment the difference image is established as the logarithm to the intensity

ratio (either natural logarithm or base 10) e.g.



A log-ratio image computed in this way would behave very similarly to the difference

image described above and may be analyzed to produce similar information regarding

cell division etc by calculating any of the general parameters mentioned below.

In a preferred embodiment the said difference images are obtained from two subse¬

quent images in a sequence of consecutive images and the collection of parameters

computed from said difference images form a time series. More preferably, this time

series includes a temporal pattern of cellular re-arrangement, which in conjunction with

the magnitude of peaks, valleys and/or base level may be interpreted to obtain the

quality, status and/state of the cell population.

In a preferred embodiment the said time-series is analysed using a model derived by

machine learning tools, such as PCA analysis, SVD, GPCA, Support Vector Machine,

n-tuple classification model, neural network, feed-forward neural network

The advantage of images obtained at regular time intervals are obvious. However, it

should be noted that analysis of non-regular film images are also possible. In this case

a weighting may be applied to compensate for differences in time intervals between

frames. Differences between images that are obtained with short time intervals are

scaled up, whereas differences between images with long time intervals are scaled

down. It may even be possible to acquire images with a constant difference and thus

use the time interval between acquired images as indicator of cell division.

Once the difference image is obtained, then the change from one image to the next

may then be described by computing a parameter, preferably a parameter from sub¬

stantially all the pixels in the difference image. These parameters are calculated based

on a listing of the difference values encountered in the difference image, preferably

from all the difference values encountered.



Parameter

Any suitable computed parameter can be used as indicators of change, such as a pa¬

rameter computed from the difference image or part hereof, where said part is deter¬

mined non-adaptively, selected from the group of: Sum of absolute value for pixels in

the difference image; Mean absolute value for pixels in the difference image; Median

absolute value for pixels in the difference image; Sum of squared value for pixels in the

difference image; Mean squared value for pixels in the difference image; Median of

squared value for pixels in the difference image; Variance of value for pixels in the dif¬

ference image; Standard deviation of value for pixels in the difference image; Value

values for different percentiles in the histogram of the difference image; Difference Im¬

age value minimum and maximum values; and Range or variance of difference image

histogram or another parameter derived from a combination of one or more of these

parameters.

In a preferred embodiment, the parameter(s) is calculated without adaptive segmenta¬

tion of the image in regions of interest, and regions of non-interest for every individual

frame in a series. However, a sub-section of an original image may be selected non-

adaptively (e.g. by cropping the original image to center on the part which contain the

embryo). The subsection is preferably fixed between images of same time-lapse series

of a cell population. The analyzed subsection (e.g. containing the embryo) may be

compared to other reference areas of the image to calibrate the derived parameters.

An example could be to compare the standard deviation of the difference image for

area containing the embryo with a similarly calculated standard deviation in an empty

area from the difference image.

In some embodiments the parameter is calculated from a subset of the difference im¬
age

In one embodiment the parameter computed from the difference image is selected from

the group of Sum of absolute value for pixels in the difference image; and Variance of

value for pixels in the difference image. In some embodiments, other functions applied

to the difference image might be used to calculate the parameter.



Each of these parameters is a number that will change upon a change in the grouped

cell population, such as cell division, to reflect changes in cell boundary position in the

investigated image series.

In a preferred embodiment said parameter is computed from the at least one difference

image based on the entire difference image.

As described above, the parameter may be computed from all pixel values in the differ¬

ence image, such as

Mean absolute value for all pixels in the difference image

Median absolute value for all pixels in the difference image

Variance of value for all pixels in the difference image

Maximum value for all pixels in the difference image

An example of computation of the parameter would be the mean of value difference

squared:

Where

k is the length of the image,

m is the width of the image

The invention relies on the observation that the cell positions are usually relatively sta¬

tionary between cell divisions, except for a short time interval around each cell division,

where the division of one cell into two causes considerable rearrangement of the divid¬

ing cells as well as the surrounding cells. This rearrangement is reflected in the differ¬

ence image, where the changing positions of the cell boundaries (i.e. cell membranes)



causes all of the above derived parameters for the difference image to rise temporarily,

such as a rise in the mean absolute value or variance. Cell divisions can thus be de¬

tected by temporary change, an increase or a decrease, in mean absolute value for all

pixels in the difference image or any other of the derived parameters listed above.

The invention relies in the analysis of the temporal changes in the derived parameters.

Of particular interest is the onset, magnitude and duration of pronounced extremes,

peaks or valleys, in the parameter values. These extremes, peaks or valleys, frequently

denote cell division events and the timing and duration of these events may be used to

characterize a given cell population, such as an embryo, and to evaluate its develop¬

ment potential. The shape of each peak may also provide additional information as

may the size of the peak in general. A peak may also denote an abrupt collapse of a

blastomer and concurrent cell death. However, it may be possible to separate cell divi¬

sion events and cell death events by the peak shape and change in base values before

and after the event.

Fig. 1 shows that each cell division is marked by a pronounced peak in each of the

derived variables. The cell division can thus be detected by a marked increase in each

of the numerous derived variables, for example the intensity variance or standard de-

viation as depicted in Fig. 1.

In a preferred embodiment the said parameter is a representation of the difference be¬

tween the compared images. In a first preferred embodiment the parameter is main¬

tained un-normalized with respect to another parameter(s), derived from identical com¬

puting, from other difference images obtained from the same cell population. This al-

lows for quantitative comparison between parameter values obtained from two one cell

population and values obtained from a different cell population. In a second preferred

embodiment the said parameter is not calculated as nor adjusted to a normalized value

between 0 and 1. In a third preferred embodiment the computed parameter is not cor¬

related to computation of values in a self-similarity matrix.

Thus, the present invention provides a method by which is it possible to determine cell

division directly and possible to determine the exact timing of the first cellular divisions.



Shape of change in difference image

As described above, the invention provides a method for determining the onset of a

change in the cell population. However, in one embodiment the invention further pro-

vides a method for determining quality and/or quantity information about the change, in

that the peak shape is also considered to be important. A high sharp peak should re¬

flect a quick cell division with minimal fragmentation. Whereas broader less pro¬

nounced peaks could reflect slower divisions possibly with more fragmentation. This

becomes even more important with peaks corresponding to subsequent cell divisions

as a sharp second peak could indicate synchronized cell division from 2 cells to 4 cells,

a broader or even bimodal peak could indicate that the divisions were asynchronous

(i.e. 2 to 3 cells and then 3 to 4 cells). All in all a detailed analysis of peak position,

height, width, and shape provides important information about the particular division

event. In this context synchronized is understood as all cell divisions occur within a

time-span of 5 hours, more preferably within 3 hours, most preferably within 1 hour.

In the above, high is regarded as greater than 2 times the standard deviation of the

computed parameter, preferably greater than 3 times the standard deviation of the

computed parameter most preferably greater than 5 times the standard deviation of the

computed parameter. Furthermore sharp is regarded to be a peak with duration less -

than 3 hours, more preferably duration of less than 2 hours, most preferably with dura¬

tion of 1 hours or less. Instead, a broad peak is understood to have duration of more

than 3 hours, more preferably more than 5 hours most preferably with duration of more

than 10 hours.

Base level

After the peaks have been identified it is possible to evaluate the base level of activity

between the peaks. The base level is understood as quasi-stable or slowly changing

value. This value often defined as a value which changes by less than 10 % per hour

preferably less than 5% per hour most preferably less than 3% per hour. The base

level for each parameter between divisions also contains useful information. Cellular

metabolism is associated with movement of organelles (e.g. cycling of mitochondria in



the cytoplasm). This movement is reflected in the base level of several of the above

parameters. This background level gives essential information about the extent of or¬

ganelle movement in the cell population, a movement that will cease upon cell death. A

partial reduction in the observed organelle movement corresponding to a change in

base level could thus imply problems such as decay of one or more cells. Often this

change is seen as abrupt change in baseline of said computed parameter indicative of

death of at least one cell. Furthermore, the said change often occurs so that the said

change is a marked increase followed by an abrupt reduction of the mean value of the

baseline. In this context abrupt is understood as changing within less than 5 hours,

preferably less than 2 hours most preferably less than 1 hour and a marked increase is

understood as a notable increase preferably by more than 5% within less than 1 hour,

more preferably by more than 10% within less than 1 hour most preferably by more

than 30% in less than one hour. Finally, reduction is most often a slight increase fol¬

lowed by a substantial reduction to m/N of the original value where N is the number of

cells n the cell population and m is an integer from 0 to N-1 .

In one embodiment the average absolute intensity is used as a measure of overall ac¬

tivity, and the base level of this parameter between peaks can be seen as an indicator

of embryo development and possibly development potential.

To fully exploit the base level it may be necessary to restrict the evaluation area to the

overall outline of the cell population and compare the derived values for this region with

a control region outside the embryo. Thus, in order to establish the base level, it may

be required to select the outline of the embryo with standard image analysis proce-

dures as described in the literature. An example hereof includes comparison of cell

movement inside the embryo to "movement" outside the embryo due Brownian motion

alignment problems etc. This is mostly accomplished by delineating the embryo and

comparing the difference images inside the embryo with the calculated differences in a

similar area outside the embryo. Delineating the embryo may be done manually or

automatically by thresholding a picture containing the sum of ail absolute differences in

the whole time-lapse series. The outside area may simply be chosen as the remaining

pixels or (preferably) by omitting boundary pixels surrounding the embryo by inflating

the embryo area prior to selecting the inverse area.



Alignment

A slight inaccuracy in the positioning system so that consecutive images in a time se¬

ries are not taken at the exact same spot due to inaccurate stage movement between

image acquisitions in the time series may lead to suboptimal difference images. These

slight shifts in position will have an effect on the difference images as all sharply de¬

fined structures will produce a halo-and-shadow effect on the difference image even if

no true movement has occurred. In one embodiment consecutive images in a time se¬

ries are therefore aligned, for example using pre-existing algorithms to accomplish this

in combination with the invention to improve the parameters derived. Several estab¬

lished algorithms to align pictures have been described (John Russ, 2002). A very sim¬

ple way to align pictures is to compare the original difference image to a difference im¬

age calculated after shifting one of the original images a single pixel in a given direc¬

tion. If the variance of the difference image calculated after translocation is lower than

the variance of the difference image of the originals then the translocation produced an

improved alignment. By systematically trying out all possible translocation directions

and all relevant translocation magnitudes it is possible to obtain an aligned time series.

In particular in relation to embryos, alignment may be conducted with respect to zone

pellucida i.e. with the aim og reducing the variance of the area that corresponds to

Zona Pellucida.

Improvement of image quality and removal of artefacts

In a further embodiment it is preferred to improve image quality and remove artefacts.

Artefacts may be related to the optical and/or electronic route of acquiring the image,

e.g. dirt/spots positioned on the camera lens, , spots due to camera artefacts, pixel

errors due to camera or CCD errors, reflections that may arise from the cell population

and lead to bright areas.

Thus, artefacts is any presentation on the image, not being part of the scene of the

image. Thus, artefacts may for example be one or more of the following: undesired

objects projected onto the image, dispersion, diffraction and/or reflection of the optic

system.



Translocations to compensate for inaccurate movement will normally shift the position

of the whole image including the above mentioned fixed position artefacts. Subsequent

differences will thus include a false contribution from the fixed position artefacts. It is

therefore important to remove fixed position artefacts prior to translocation. Different

standard techniques to remove fixed artefacts are available (se John Russ, 2002) a

simple version is to obtain a defocused reference image and subtract this image of the

artefacts from every picture in the series. A similar effect can be obtained by subtract¬

ing an average picture of several unrelated frames of different embryos. An average of

several defocused images is optimal.

Furthermore, slight in-accuracies in stage movement that are less than a pixel are diffi¬

cult to remove or compensate for by a general alignment of consecutive frames by

translocation. Yet even slight (less than a pixel) translations may give a significant con¬

tribution to the difference image. Another commonly encountered problem with high

quality pictures are the cell organelles such as vacuoles and mitochondria that may be

partly visible and give the cells a grainy appearance. The organelle movement may

contribute to such an extent to the difference image that cell division become obscure

and less visible in the organelle movement noise. Both of the mentioned problems may

be alleviated or even eliminated by reducing the image size (scaling down the image)

or blurring /-smoothing the image slightly: For example a reduction of the image size of

all images in the time series so that each embryo has a diameter of 100 to 200 pixels is

preferable as it tends to reduce the problems with alignment and put proper focus on

cell division as opposed to organelle movement. The optimal scaling may depend on

the general quality of the acquired time series. It is important that this scaling is per-

formed after removal of fixed position artefacts and translocation compensation etc.

In a preferred embodiment the said scaling or reduction of resolution is performed by a

method belonging to the group: resampling, averaging, smoothing, running average,

bicubic interpolation, b-spline interpolation, and simple reduction of image matrix or

other methods evident to a person skilled in the art.

Many camera systems employ an auto gain function that scale image intensity dynami¬

cally between frames. This is preferably avoided. Preferably it is also avoided to com¬

pute difference pictures by subtracting consecutive images in a time series and then

scale these difference images individually to use the whole intensity range so the dif-



ference image is more easily evaluated by the human eye, a computation normally

employed image analysis programs. This scaling should be turned off in the preference

setting of the image analysis program. If this is not possible then the quantitative analy¬

sis should use variance and standard deviation that are less affected by this artefact. A

generalized scaling of all difference images calculated from a time series with the same

factor is not a problem and may even be recommended to better visualize the differ¬

ence images. In rare cases with uneven illumination between consecutive images in

the time series it may be necessary to scale the image intensity of individual frames

prior to computation of intensity differences. In these cases the quantitative analysis

should use variance and standard deviation that are less affected by intensity scaling

artefacts.

Culture medium

In a preferred embodiment the acquisition of images is conducted during cultivation of

the cell population, such as wherein the cell population is positioned in a culture me¬

dium. Means for culturing cell population are known in the art. An example of culturing

an embryo is described in PCT application No. WO 2004/056265.

Selection or identification f embryos

The present invention further provides a method for selecting an embryo for transplan¬

tation, freeze preservation or elimination. The method implies that the embryo has

been monitored with the method for determining a change in the embryo as described

above in order to determine when cell divisions have occurred and optionally whether

cell death has occurred as well as the quality of cell divisions and overall quality of em¬

bryo. It is preferred to select an embryo having substantially synchronous cell division

giving rise to sharp extremas in the difference images, and more preferred to select an

embryo having no cell death.

The selection or identifying method may be combined with other measurements as

described below in order to evaluate the quality of the embryo. The important criteria in

a morphological evaluation of embryos are: ( 1) shape of the embryo including number

of blastomers and degree of fragmentation; (2) presence and quality of a zona pellu-



cida; (3) size; (4) colour and texture; (5) knowledge of the age of the embryo in relation

to its developmental stage, and (6) blastomere membrane integrity.

The transplantation, freeze preservation for high quality or elimination for low quality

embryos may then be conducted by any suitable method known to the skilled person.

Determination of quality

The changing positions of the cell boundaries (i.e. cell membranes) causes all of the

above derived parameters for the difference image to rise temporarily, such as a rise in

the mean absolute intensity or variance. Cell divisions and their duration and related

cellular re-arrangement, such as cell motility, can thus be detected by temporary

change, an increase or a decrease, in standard deviation for all pixels in the difference

image or any other of the derived parameters computed from the difference image. In

the application of the present invention to the evaluation of embryos such parameters

are mainly considered to reflect "blastomere activity". This relies on the observation

that the cell positions are usually relatively stationary between cell divisions, except for

a short time interval around each cell division, where the division of one cell into two

leads to brief but considerable rearrangement of the dividing cells as well as the sur-

rounding cells.

Accordingly, the present invention may provide an embryo quality measure being

based on one or more determinations of the embryo, such as determining the length of

the at least one cell division period and/or determining the cellular movement during

the inter-division period and/or determining length of time period of cellular movement

during an inter-division period. This measure may be used to determine whether an

embryo has sufficient quality for transplantation or freeze preservation or is below qual¬

ity so it is eliminated. In a preferred embiment, the oocyte or embryo selected for trans¬

plantation or freeze preservation is the oocyte or embryo having the highest embryo

quality measure and/or the said selected oocyte or embryo selected for elimination is

the oocyte or embryo having the lowest embryo quality measure.

Of particular interest is the onset, magnitude and duration of cell divisions that may be

quantified as peaks or valleys, in parameter values. These extremes, peaks or valleys,

frequently denote cell division events and the timing and duration of these events are



used to characterize a given cell population, such as an embryo, and to evaluate its

development potential. The shape of each peak also provides additional information as

may the size of the peak in general. A peak may also denote an abrupt collapse of a

blastomer and concurrent cell death. However, it may be possible to separate cell divi-

sion events and cell death events by the peak shape and change in base values before

and after the event.

Thus, the embryo quality measure comprises information of cell division time period for

at least one cell division, time period of inter-division period, time period of cellular

movement in inter-division period, and/or extent of cellular movement in inter-division

period. In a preferred embodiment the embryo quality measure comprises information

of two or more of the determinations described herein. In a more preferred embodiment

the embryo quality measure comprises information of all the determinations described

herein.

The embryo quality measure is based on the following observations:

a) Abrupt cell divisions where the actual division of the cytoplasm proceeds rapidly

and the ensuing re-arrangement of the positions of the other blastomeres occur

. rapidly (e.g. sharp blastomere activity peaks) is indicative of a high quality em¬

bryo. Prolonged cytoplasmic division and extensive rearrangement of the other

blastomeres afterwards indicate a poor quality embryo (e.g. broad blastomere

activity peaks). (Example 3a)

b) Very little re-arrangement of blastomere position between cell divisions indicate

a high quality embryo whereas movement between visible cell divisions often

indicate a poor quality embryo. (Example 3a)

c) Prolonged rearrangement of cell position between cell division (e.g. broad blas-

tomere activity peaks) is often associated with poor embryo quality, asynchro¬

nous cell division and extensive fragmentation. (Example 3a)

d) A quiet period of very little cellular movement is observed for most mammals

when the embryonic genome is activated and protein synthesis switches from

maternal to embryonal transcripts. If this period has: i) Early onset, ii) very low



activity (= little cellular movement = quiet) and iii) early termination then it is a

strong indication of a high quality embryo. The quiet period is often delayed,

and sometimes interrupted by cellular movement in poor quality embryos. (Ex¬

ample 3b). In this context early is understood as preferably before 30 hrs after

fertilization, more preferably before 27 hours after fertilization, most preferably

before 25 hours after fertilization.

e) In poor quality embryos that subsequently cease development particular and

persistently immobile regions are often observed which persist and ultimately

lead to developmental arrest. Such immobile regions may be associated with

extensive fragmentation or blastomere death and lysis. If these regions are lar¬

ger than a given percentage at a given developmental stage then the embryo

has very low probability to survive. This percentage could in one instance be at

least 15%, in another instance at least 35%, where these percentages are ex-

pected to be species specific. In high quality embryos the cellular motility that

ensue briefly after each cytoplasmic division event is initially distributed over the

entire embryo surface (i.e. all blastomeres move slightly), only after compaction

in the morula stage is localized movement seen (Example 3c).

. . .

f) The amount of cellular movement in different time intervals is a good indicator

of embryo quality, where the suitable time intervals are expected to be species

specific. A quality related parameter can be calculated from a ratio of average

movement in different time-segments and/or a ratio of standard deviations in

different time-segments Embryo selection procedures can be established based

on the value of these parameters. (Example 3d).

g) Very early onset of the first cell division is an indication of high embryo quality.

Very late onset of first (and subsequent cell divisions) indicates low quality em-

bryos. However, for the majority of the embryos, the exact onset of the first cell

division alone does not provide a clear indication of embryo quality (Example

3d)



h) Synchronized cell division in the later stages (e.g. 2->4, 4->8) is mostly found

for high quality embryos whereas asynchronous cell division is often observed

for low quality embryos (e.g. 2->3->4->5->6->7->8) (Example 3a)

The following determinations lead to the highest embryo quality measure:

• Short cell-division periods, wherein short is defined as less than 1 hour

• Little cellular movement in inter-division periods, wherein little is defined as vir¬

tually no change in cellular position beyond the usual oscillations and organelle

movements that always contribute to the difference image. Little cellular move¬

ment imply that the cellular center of gravity is stationary (movement < 3 µm)

and the cytoplasmic membranes are largely immotile (< 3 m).

• Early onset of first cell-division period, ie. before 25 hours after fertilisation for

human embryos (before 30 hours after fertilisation for bovine embryos).

• Short periods of cellular movements in inter-division periods, wherein short is

defined as less than 3 hours

• Uniform distribution of cellular movement within the embryo over time, i.e. Ab¬

sence of inactive areas/zones/volumes of the embryo where cellular movement

is not observed over a longer period of time (i.e. > 24 hours). Such immobile

zones-could be due to dead or dying blastomeres and fragments, which may

impede further development

A neural network or other quantitative pattern recognition algorithms can be used to

evaluate the complex cell motility patterns described above. Such a network may be

used to find the best quality embryos for transfer in IVF treatments.

Other measurements

A final analysis step when determining the quality of an embryo could include a com-

parison of the made observations with similar observations of embryos of different

quality and development competence, as well as comparing parameter values for a

given embryo with other quantitative measurements made on the same embryo. This

may include a comparison with online measurements such as blastomer motility, respi¬

ration rate, amino acid uptake etc. A combined dataset of blastomer motility analysis,



respiration rates and other quantitative parameters are likely to improve embryo selec¬

tion and reliably enable embryologist to choose the best embryos for transfer.

Thus, in one embodiment the method according to the invention may be combined with

other measurements in order to evaluate the embryo in question, and may be used for

selection of competent embryos for transfer to the recipient.

Such other measurements may be selected from the group of respiration rate, amino

acid uptake, motility analysis, blastomer motility, morphology, blastomere size, blas-

tomere granulation, fragmentation, blastomere color, polar body orientation, nucleation,

spindle formation and integrity, and numerous other qualitative measurements. The

respiration measurement may be conducted as described in PCT application No. WO

2004/056265.

Data carrier

The invention further relates to a data carrier comprising a computer program directly

loadable in the memory of a digital processing device and comprising computer code

portions constituting means for executing the method of the invention as described

above.

The data carrier may be a magnetic or optical disk or in the shape of an electronic card

of the type EEPROM or Flash, and designed to be loaded into existing digital process¬

ing means.

Example 1

Basic program implemented in ImageJ.

The basic algorith outlined above has been implemented in image program ImageJ

using the macro language of this program. ImageJ is a public domain freeware pro¬

gram developed by Wayne Rasband from the National Institute of Health, MD, USA. It

can be freely be obtained from the website: http://rsb.info.nih.gov/ii/

Fig. 2 is a an example of the graphical output of the program during calculations,

namely a listing of the ImageJ macro source code used to analyze these images ac-

cording to the invented algorithm.









Materials and methods. Bovine immature cumulus-oocyte complexes (COCs) were

aspirated- from slaughterhouse-derived ovaries, selected and matured for 24 h in four-

well dishes (Nunc, Roskilde, Denmark). Each well contained 400 µL of bicarbonate

buffered TCM-199 medium (Gibco BRL, Paisley, UK) supplemented with 15% cattle

serum (CS; Danish Veterinary Institute, Frederiksberg, Denmark), 10 IU/mL eCG and 5

IU/mL hCG (Suigonan Vet; Intervet Scandinavia, Skovlunde, Denmark). The embryos

were matured under mineral oil at 38.5 0C in 5% CO2 in humidified air. Fertilization was

performed in modified Tyrode's medium using frozen-thawed, Percoll-selected sperm.

After 22 h, cumulus cells were removed by vortexing and presumptive zygotes were

transferred to 400 /vL of culture medium, composed of synthetic oviduct fluid medium

with aminoacids, citrate and inositol (SOFaaci) supplemented with antibiotics (Genta-

mycin sulfate, 10mg/ml) and 5% CS and incubated at 38.5 0C in 5% CO2, 5% O2, 90%

N2 atmosphere with maximum humidity.

The incubator system has been described in detail earlier and has proved suitable for

in-vitro embryo culture (Holm et al. 1998). Briefly, the 4-well culture dish was placed on

the microscopic stage (MultiControl 2000 Scanning stage, Marzhauser, Germany) of an

inverted Nikon TMD microscope (Diaphot, DFA A/S, Copenhagen, Denmark). A black



plexiglas incubator box regulated by an air tem- perature controller (Air-Therm™, World

Precision Instruments, Aston, UK) was fitted around the stage. A plastic cover with

open bottom was placed over the culture dish and the humidified gas-mixture was lead

into this semi-closed culture chamber after having passed through a gas washing bottle

placed inside the incubator box.

This culture box has previously been proved useful for in-vitro embryo culture (Holm et

al. 1998, 2003), providing stable temperature and humidity conditions. Our weekly rou¬

tine in vitro embryo production during the experimental served as controls for the integ¬

rity of the basic culture system.

Camera system. The time-lapse recording was directed by an image analysis software

(ImagePro™, Unit One, Birkerød, Denmark), which controlled both the movements of

the scanning stage in the x-, y- and z-axes, the operation of the connected highly light

sensitive video camera (WAT-902H, Watec, DFA A/S, Copenhagen, Denmark), as well

as the recording and storage of time-lapse sequences on the computer hard disc.

Images of each embryo (total magnification: x 265) were sequentially recorded in

minimal light at intervals of 20 min. throughout the culture period. Between recordings

the embryo were moved out of the light field.

The time of the first appearance of the following cleavage/embryo stages was recorded

- for zygotes in focus with identifiable blastomeres: 2- and 3-4-cell stages, and for moru-

lae and blastocysts with a visible coherent cell mass: maximal compact morula, first

expansion of the blastocyst and collapses of blastocysts.

Figs. 3-5 show data series of images and analysis results as activity profile

Example 2

Theoretical example to quantify cell division in stem cells growing on monolayer of

feeder cells

The present invention may also be used to detect and quantify the number of divisions

per area per time unit in a confluent cell layer (or cell divisions among stem cells grow-

ing above a confluent layer of feeder cells). The present invention is particularly useful

when a poor delineation of cell boundaries, makes it unfeasible to detect, demarcate

and count individual cells. However, as cell division will be associated with movement,



the movement analysis of the present invention will likely reflect the cell division in¬

duced motility, provided the other cells remain stationary. Analysis of cell division in

cases where individual cells can not be discerned can thus be accomplished by the

method outlined in the present invention. The method will work nicely if cell divisions

are rare events and thus rarely co-occurring in different parts of the image. In this case

isolated peaks in the derived parameters for the whole picture will be associated with

cell division. However, in many cases cell divisions will occur more frequently and

some movement will always occur in different parts of the image. A simple solution is

then to subdivide the image into smaller parts (e.g. 2 x 2, 3 x 3 or 4 x 4 etc.) so that cell

division occurs relatively infrequently in each part. Use the present invention to analyse

the time-series for each part separately, and then sum the results for the whole picture.

A theoretical example using hypothetical data illustrating the principle is shown in Fig.

6. In this imaginary example images of a confluent cell culture are acquired every 20

minutes for 60 hours. The time-lapse image series is analysed by calculating the differ¬

ence images and computing the variance of each difference image. However, because

of the relatively high number of cell divisions in the investigated area (i.e. 9) the vari¬

ance of the whole picture (open symbols upper graph) is not easily interpretable. How¬

ever, if the image is subdivided into four quartiles, and each quartile analyzed sepa-

rately then each quartile has one to three cell divisions in the analyzed time-span,

which are clearly delineated in the respective variance graph (lower figures, filled sym¬

bols). Counting the clearly defined peaks in each quartile gives the total number of cell

divisions for the whole area i.e. 9 divisions in 60 hours.

The present hypothetical example illustrates an ideal situation where cell devision did

not occur along the boundaries of two compartments, and there were not double count¬

ing of a single division event. However, call devisions at boundaries may also be omit¬

ted if the resulting peak in both neighbouring quartiles are below threshold. It is thus

unclear if edge effects will lead to an overestimate or an underestimate of real values

and will clearly represent a usefull approximation.

Example 3

Determining the quality of a cell population: Embryo quality assessment



Determining the optimal embryos to be implanted after in vitro fertilization (IVF) has

been found to possible based on the timing, duration and extent of observed cell divi¬

sions and associated cellular movement.

Accordingly, a first aim is to determine embryo quality by performing a method compris¬

ing monitoring the embryo for a time period using the above described method for de¬

termining change in a cell population, said time period having a length sufficient to

comprise at least one cell division period and at least a part of an inter-division period,

and determining the length of the at least one cell division period and/or determining

the cellular movement during the inter-division period and/or determining length of time

period of cellular movement during an inter-division period thereby obtaining an embryo

quality measure.

The obtained embryo quality measure may then be used for identifying and selecting

embryos suitable of transplantation into the uterus of a female in order to provide a

pregnancy and live-born baby.

Thus, a second aim is to enable informed selection of an embryo suitable for trans-

plantation by performing a methodxomprising monitoring the embryo as defined-above

obtaining an embryo quality measure, and selecting the embryo having the highest

embryo quality measure.

Example 3a

Experiments, observation, analysis and discussion

Materials and methods. Bovine immature cumulus-oocyte complexes (COCs) were

aspirated from slaughterhouse-derived ovaries, selected and matured for 24 h in four-

well dishes (Nunc, Roskilde, Denmark). Each well contained 400 µ l_ of bicarbonate

buffered TCM-1 99 medium (Gibco BRL 1 Paisley, UK) supplemented with 15% cattle

serum (CS; Danish Veterinary Institute, Frederiksberg, Denmark), 10 IU/mL eCG and 5

IU/mL hCG (Suigonan Vet; Intervet Scandinavia, Skovlunde, Denmark). The embryos

were matured under mineral oil at 38.5 °C in 5% CO2 in humidified air. Fertilization was

performed in modified Tyrode's medium using frozen-thawed, Percoll-selected sperm.

After 22 h, cumulus cells were removed by vortexing and presumptive zygotes were



transferred to 400 µ l_ of culture medium, composed of synthetic oviduct fluid medium

with aminoacids, citrate and inositol (SOFaaci) supplemented with antibiotics (Genta-

mycin sulfate, 10mg/ml) and 5% CS and incubated at 38.5 0C in 5% CO2, 5% 02, 90%

N2 atmosphere with maximum humidity.

The incubator system has been described in detail earlier and has proved suitable for

in-vitro embryo culture (Holm et al. 1998). Briefly, the 4-well culture dish was placed on

the microscopic stage (MultiControl 2000 Scanning stage, Marzhauser, Germany) of an

inverted Nikon TMD microscope (Diaphot, DFA A/S, Copenhagen, Denmark). A black

plexiglas incubator box regulated by an air temperature controller (Air-Therm™, World

Precision Instruments, Aston, UK) was fitted around the stage. A plastic cover with

open bottom was placed over the culture dish and the humidified gas-mixture was lead

into this semi-closed culture chamber after having passed through a gas washing bottle

placed inside the incubator box.

This culture box has previously been proved useful for in-vitro embryo culture (Holm et

al. 1998, 2003), providing stable temperature and humidity conditions. Our weekly rou¬

tine in vitro embryo production during the experimental served as controls for the integ¬

rity of the basic culture system.

Camera system. The time-lapse recording was directed by an image analysis software

(ImagePro™, Unit One, Birkerød, Denmark), which controlled both the movements of

the scanning stage in the x-, y = and z-axes,.the operation of the-connected-highly-light

sensitive video camera (WAT-902H, Watec, DFA A/S, Copenhagen, Denmark), as well

as the recording and storage of time-lapse sequences on the computer hard disc.

Time-lapse Images of each embryo (total magnification: x 265) were sequentially re¬

corded in minimal light at intervals of 30 min. throughout the 7 day culture period. Be-

tween recordings the embryo were moved out of the light field.

Manual analysis of the time-lapse image series consisted of recording the time of the

first appearance of the following cleavage/embryo stages: 2-cell, 4-cell, 8-cell, 16-cell

and for moru-lae and blastocysts with a visible coherent cell mass: maximal compact

morula, first expansion of the blastocyst, collapses of blastocysts and hatching of the

blastocyst.

The automated computer based analysis consisted of computing the standard devia¬

tion of the differences image which is calculated as the difference between two con¬

secutive frames. To avoid alignment artifacts and other problems the following elabo¬

rate procedure was used:

1) Image acquisition. (See description above).



2) Remove fixed position artifacts (Camera dust) by subtracting a defocused reference

image of the artifacts from every picture in the series.

3) Translocation to compensate for inaccurate stage movement. A very simple way to

align pictures is to compare the original difference image to a difference image calcu-

5 lated after shifting one of the original images a single pixel in a given direction. If the

variance of the difference image calculated after translocation is lower than the vari¬

ance of the difference image of the originals then the translocation produced an im¬

proved alignment. By systematically trying out all possible translocation directions and

all relevant translocation magnitudes it is possible to obtain an aligned time series.

10 However in the present case we used an advanced ImageJ macro for image alignment

developed by Thevenaz et al. 1998.

4) Identify region of interest (ROI) and reference area outside. It is advantageous to

compare cell movement inside the embryo to "movement" outside the embryo due

Brownian motion alignment problems etc. This is accomplished by delineating the em-

15 bryo and comparing the difference images inside the embryo with the calculated differ¬

ences in a similar area outside the embryo. Delineating the embryo was done manu¬

ally. A reference area we chose a region of the image without any embryos.

5) Calculate intensity difference.

6) Compute a derived parameters for each difference image. Several difference pa-

20 . rameters were calculated.but the-one that proved-most informative was the standard

deviation of intensity for all pixels in the difference image. This parameter is refered to

as the "blasomere activity" in the following, as well as in the following examples.

7) Identify and determine shape of peaks in the blastomere activity.

8) Calculate standard deviation and average values for the blastomere activity for diag-

25 nostically relevant time intervals See example 3d.

Experimental design. Approx. 20 bovine embryos were incubated together in a single

well of a Nunc-4well dish for 7 days with image acquisition every 30 min. This experi¬

ment was repeated 5 times total giving time-lapse image series of 99 bovine embryos.

30 Results:

Based on qualitative evaluation of time-lapse image series of developing embryos, (es¬

sentially by looking playing them as movies numerous times and noting changes), we

observed that: An indicator of high quality embryos is abrupt cell divisions where the

actual division of the cytoplasm proceeds rapidly and the ensuing re-arrangement of

35 the positions of the other blastomeres occur rapidly followed by a period of "quiet" with



very little rearrangement of cell position until the abrupt onset of the next cytoplasmic

division. Poor quality embryos often show prolonged rearrangements of blastomere

position after cytoplasmic divisions and between cytoplasmic cell divisions. To quantify

and document these observations we calculate blastomere activity from a time-lapse

image series.

Representative blastomere activities are shown in the figure 7 for a "good" and a "bad"

embryo, respectively. The embryo considered "Good" developed to a hatching basto-

cyst, whereas the embry considered "Bad" never developed to a blastocyst.

Some of the observed activity is due to asynchrous cell division (e.g.

2->3->4->5->6->7->8) and fragmentation as opposed to synchronous cell divisions

(e.g. 2- 4, 4->8) observed for high quality embryos. In Figure 8 The blastomere activity

of 4 1 embryos is displayed as a pseudo-gel-image where motility peaks are indicated

by dark bands and inactivity is white, each lane corresponds to a single embryo. The

dark banding pattern or smears reflect periods of cellular motility within the embryo.

"Good" embryos developing to blastocysts shown above "bad" embryos that did not

develop to tha blastocyst stage. More sharp initial bands (usually three) are seen for

good embryos

Example 3b

Experiments, observation, analysis and discussion

Materials and methods. Same as for Example 3a

Results

Initial protein synthesis in mammalian embryos use maternal mRNA from the oocyte,

but after a few cell divisions the embryonic genome is activated, transcribed and trans¬

lated. The switch from maternal genome to embryonic genome is a crucial step in em¬

bryo development. The period occurs at the 8-cell stage for bovines and has a rela-

tively long duration for human embryos the swith occurs earlier at the 4 to 8 cell stage

and has a shorter duration.

A quiet period of very little cellular movement is observed for most mammals when the

embryonic genome is activated and protein synthesis switches from maternal to em-

bryonal genes. If this period has: i) Early onset, ii) very low activity (= little cellular



movement = quiet) and iii) early termination then it is a strong indication of a high qual¬

ity embryo. The quiet period is often delayed, and sometimes interrupted by cellular

movement in poor quality embryos. An example of this showing blastomere activity,

defined in example 3a, for 13 different embryos are shown in figure 9. The dark band-

ing pattern or smears reflect periods of cellular motility within the embryo. "Good" em¬

bryos developing to blastocysts shown above "bad" embryos that did not develop to the

blastocyst stage. More sharp initial bands (usually three) are seen for good embryos.

Example 3c

Experiments, observation, analysis and discussion

Materials and methods. Same as for Example 3a

Results

In poor quality embryos that subsequently cease development particular and persis¬

tently immobile regions are often observed which persist and ultimately lead to devel¬

opmental arrest. Such immobile regions may be associated with extensive fragmenta¬

tion or blastomere death and lysis. If these regions are larger than a given percentage

at a given developmental stage then the embryo has very low probability to survive. In

hjgh quality embryos the.cellular motility .that ensue briefly after each cytoplasmic divi¬

sion event is initially distributed over the entire embryo surface (i.e. all blastomeres

move slightly), only after compaction in the morula stage is localized movement seen

Embryos that develop to blastocysts such as the left panel in Figure 10 have uniformly

distributed blastomere activity (defined in example 3a). Embryos that do not have uni¬

formly distributed blastomere activity such as the right panel in Figure 10 never devel¬

ops into a blastocyst.

Example 3d

Experiments, observation, analysis and discussion

Materials and methods. Same as for Example 3a

Results



The amount of cellular movement in different time intervals is a good indicator of em¬

bryo quality. A quality related parameter can be calculated from a ratio of average

movement in different time-segments and/or a ratio of standard deviations in different

time-segments Embryo selection procedures can be established based on the value of

these parameters. Example of different segments (=parts) are in figure 11 and 12. In

this case is part 1 the time segment from 32 to 60 hours after fertilization., part 2 is 60

to 75 hours after fertilization, part 3 is from 75 to 96 hours after fertilization.

Based on the aveage blastomer activity and/or the standard deviation of the blas-

tomere activity (defined in example 3a) in the different parts it is possible to classify the

embryos.

In the present case we have used the following selection criteria based on:

• R 1 = ratio between average blastocyst activity in part 1 and in part 3 of the blas-

tocyst activity pattern for a given embryo

• R2 = ration between standard deviation of the blastocyst activity in part 2 and in

part 3 of the blastocyst activity pattern for a given embryo

The calculations are shown in Figure 13.

. -

If (R1 < 1.15 and R2 < 0.50) then it is a "good" embryo ELSE it is a "bad" embryo. Us¬

ing these criteria all 36 out of 39 embryos were classified correctly according to how

they subsequently developed.

Example 3e

Experiments, observation, analysis and discussion

Materials and methods. Same as for Example 3a

Results

Figure 14 show the excellent correspondance between automatic and manual determi¬

nation of onset of cell division.

Very early onset of the first cell division is an indication of high embryo quality. Very

late onset of first (and subsequent cell divisions) indicates low quality embryos. How-



ever, for the majority of the embryos, the exact onset of the first cell division alone does

not provide a clear indication of embryo quality as is shown in Figure 15.

While the average onset of cell divisions were delayed for the bad embryos, the large

inherent standard deviation makes the absolute values a poor selection criteria except

in extreme cases, (e.g. first division before 30 hours signifies a good embryo. First divi¬

sion after 35 hours signifies a bad embryo but the vast majority of the bovine embryos

investigated have intermediate divison times that are not easily interpreted.
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Claims

1. A method for determining a change in a cell population comprising at least one cell,

said method comprising the steps of

a) sequentially acquiring at least two images of the cell population

b) comparing at least a part of the at least two images obtaining at least one

difference image

c) computing a parameter from the at least one difference image

d) based on said computed parameter determining whether a change has occurred.

2. The method of claim 1, wherein the said parameter is computed from the at least one

difference image based on the entire difference image.

3. The method of claims 1 or 2, wherein said parameter is maintained un-normalized with

respect to another parameter(s), derived from identical computing, from other difference

images obtained from the same cell population.

4 . The method according to any of the preceding claims, wherein said parameter is not

calculated as nor adjusted to a normalized value between 0 and 1.

5 . The method according to any of the preceding claims, wherein said parameter is a

representation of the difference between the compared images.

6. The method according to any of the preceding claims, wherein said parameter is not

correlated to computation of values in a self-similarity matrix.

7. The method according to any of the proceeding claims, wherein the said parameter is

calculated without adaptive segmentation of the image in regions of interest, and

regions of non-interest.

8. The method according to any of the preceding claims, wherein the cell population is an

embryo.



9. The method according to any of the preceding claims, wherein the change in the cell

population is cellular re-arrangement, such as cellular movement.

10. The method according to any of the preceding claims, wherein the change in the cell

population is cellular re-arrangement where more than two cells move, such as where

the majority of the cells move, such as where all the cells move.

11. The method according to any of the preceding claims, wherein the change in the cell

population is cell division.

12. The method according to any of the preceding claims, wherein the change in the cell

population is death of at least one cell.

13. The method according to any of the preceding claims, wherein the difference image is

obtained by subtracting values for corresponding pixels in the at least two images.

14. The method according to any of the preceding claims, wherein the difference image is

obtained by subtracting a transformed value for corresponding pixels in the at least two

images, such as subtracting logarithms to the value for corresponding pixels in the at

least two images.

15. The method according to any of the preceding claims, wherein the difference image is

obtained by computing the ratio of values for corresponding pixels in the at least two

images.

16. The method according to any of the preceding claims, wherein the parameter computed

from the difference image is selected from the group of Sum of absolute values for

pixels in the difference image; Mean absolute value for pixels in the difference image;

Median absolute value for pixels in the difference image; Sum of squared values; Mean

squared value for pixels in the difference image; Median of squared value for pixels in

the difference image; Variance of values for pixels in the difference image; Standard

deviation of values for pixels in the difference image; Values for different percentiles in

the histogram of the image; Difference Image minimum and maximum values; and



Range or variance of histogram or another parameter derived from a combination of

one or more of these parameters.

17. The method according to any of the preceding claims, wherein the parameter computed

from the difference image is selected from the group of Sum of absolute values for

pixels in the difference image; standard deviation of values for pixels in the difference

image and Variance of values for pixels in the difference image.

18. The method according to any of the preceding claims, wherein the difference image is

an intensity difference image.

19. The method according to any of the preceding claims, wherein the values

corresponding to pixels in the difference image is difference in intensity.

20. The method according to any of the claims 1 to 17, wherein the values corresponding to

pixels in the difference image is difference in phase, such as a difference in phase

contrast.

2 1. The method according to any of the claims 1 to 17, wherein the values corresponding to

pixels in the difference image is .difference in spectral characteristic.

22. The method according to any of the preceding claims, wherein the at least two images

are aligned before said comparison to obtain at least one difference image.

23. The method according to any of the preceding claims, wherein image artefacts are

removed from the said at least two images before said comparison to obtain at least

one difference image.

24. The method according to any of the preceding claims, wherein the said at least two

images are subjected to identical scaling before said comparison to obtain at least one

difference image.

25. The method according to claim 24, wherein said scaling is a reduction of resolution.



26. The method according to claim 24 and 25, wherein said reduction of resolution is

performed by a method belonging to the group: resampling, averaging, smoothing,

running average, bicubic interpolation, b-spline interpolation, and simple reduction of

image matrix.

27. The method according to any of the preceding claims, wherein the said at least two

images is at least three images and these images are obtained at regular time intervals.

28. The method according to any of the preceding claims, wherein the said at least two

images is at least three images and these images are obtained at non-regular time

intervals.

29. The method according to any of the preceding claims, wherein a plurality of difference

images are obtained from a sequence of consecutive images and a change in said

computed parameter is indicative of a change in the cell population.

30. The method according to claim 29, wherein each of the said difference images are

obtained from two subsequent images and the collection of parameters computed from

said difference images form a time series.

3 1. The method according to claims 29 or 30, wherein an extreme in said computed

parameter is indicative of cellular rearrangement such as cell motility.

32. The method according to any of claims 29 to 3 1 , wherein an extreme in said computed

parameter is indicative of cell division.

33. The method according to any of claims 29 to 32, wherein the said extreme is a peak.

34. The method according to claim 33, wherein the shape of said peak indicates the nature

of the change occurring in the cell population.

35. The method according to claim 33 to 34, wherein a high sharp peak indicates a quick

cell division with minimal fragmentation.



36. The method according to claim 35, wherein the said high sharp peak indicates

substantially synchronized cell division in the cell population.

37. The method according to claims 33 or 34, wherein a broad and/or bimodal peak

indicates slower cell divisions possibly with more fragmentation.

38. The method according to claim 37, wherein the said broad and/or bimodal peak

indicates asynchronous cell division.

39. The method according to any of the preceding claims 29 to 38, wherein an abrupt

change in base level of said computed parameter is indicative of death of at least one

cell.

40. The method according to claim 39, wherein the said change is a marked increase

followed by an abrupt reduction of the mean value of the base level.

4 1. The method according to any of the preceding claims, wherein the determination of a

change in the grouped cell population is compared to other measurements of the

grouped cell population.

42. The method according to claim 4 1, wherein the other measurements are selected from

the group of respiration rate, amino acid uptake, motility analysis, morphology,

blastomere size, blastomere granulation, fragmentation, blastomere color.

43. The method according to any of the preceding claims, wherein the grouped cell

population is positioned in a culture medium during acquisition of the at least two

images.

44. A method for determining a the quality of a cell population comprising at least one cell,

said method comprising the steps of

a) sequentially acquiring at least two images of the cell population

b) comparing at least a part of the at least two images obtaining at least one difference

image



c) computing a parameter from the at least one difference image;

d) based on said computed parameter determining the quality of the cell population.

45. The method of claim 44, wherein the said parameter is maintained un-normalized with

respect to another parameter(s), derived from identical computing, from other difference

images obtained from the same cell population.

46. The method according to claims 44 or 45, wherein said parameter is not calculated as

nor adjusted to a normalized value between 0 and 1.

47. The method according to claims 44 or 46, wherein said parameter is a representation of

the difference between the compared images.

48. The method of any of the claims 44 to 47 further comprising any of the features of

claims 1 to 43.

49. The method of any of the claims 44 to 48 for determining embryo quality comprising

_ monitoring the embryo for a time period, said time period having a length sufficient to

comprise at least one cell division period and at least a part of an inter-division period,

and determining the length of the at least one cell division period and/or determining the

cellular movement during the inter-division period and/or determining length of time

period of cellular movement during an inter-division period thereby obtaining an embryo

quality measure.

50. The method according to claim 49, wherein the embryo is monitored for a time period

comprising at least two cell division periods.

5 1 . The method according to claim 49 wherein the embryo is monitored for at time period

comprising at least three cell division periods.

52. The method according to any of the claims 44 to 48 for determining embryo quality

comprising monitoring the embryo for a time period, said time period having a length

sufficient to comprise at least one period of cellular rearrangement and a period without



substantial cellular rearrangement and using the method described in claim 1 - 43 to

determine the temporal distribution of cellular rearrangement thereby obtaining an

embryo quality measure.

53. The method according to claim 52, wherein the embryo is monitored for a time period

comprising at least two cell division periods.

54. The method according to claim 52, wherein the embryo is monitored for at time period

comprising at least three cell division periods.

55. The method according to any of the claims 44 to 54, wherein the length of time for each

rearrangement period and/or cell division period is determined.

56. The method according to any of the claims 44 to 55, wherein the length of time between

each rearrangement period and/or cell division period is determined.

57. The method according to any of the claims 44 to 56, wherein the period of cellular

movement in at least two inter-division periods is determined.

58. The method according to any-of the claims 44 to 57, wherein the extent of cellular

movement is determined in at least two inter-division periods is determined.

59. The method according to claim 44 to 58, wherein the at least two inter-division periods

are subsequent inter-division periods.

60. The method according to any of the claims 44 to 59, wherein determination of the

length of the at least one cell division period and determination of cellular movement

during the inter-division period are performed.

6 1 . The method according to any of the claims 44 to 60, wherein determination of the

length of the at least one cell division period and determination of the period of cellular

movement during the inter-division period are performed.

62. The method according to any of the claims 44 to 6 1 wherein determination of the length

of the at least one cell division period and determination of cellular movement during



the inter-division period and determination of the period of cellular movement during the

inter-division period are performed.

63. The method according to any of the claims 44 to 62, wherein abrupt cell divisions is

indicative of a high quality embryo.

64. The method according to any of the claims 44 to 63, wherein short duration of cellular

rearrangements following cell division is indicative of a high quality embryo.

65. The method according to claim 64, wherein the duration of the cellular rearrangement is

determined by any of the methods described in claim 1 to 43.

66. The method according to any of the claims 44 to 65, wherein a high sharp parameter

peak determined by any of the methods described in claim 1 to 43 is indicative of a high

quality embryo.

67. The method according to claim 63, wherein the said abrupt cell divisions is indicated by

sharp peaks in the blastomere activity.

68. The method according to claim 63, wherein the said abrupt cell divisions is indicated by

a high sharp parameter peak determined by any of the methods described in claim 1 to

43.

69. The method according to any of the claims 44 - 68, wherein prolonged cytoplasmic

division and extensive and/or prolonged re-arrangement of the other blastomeres

afterwards indicate a poor quality embryo.

70. The method according to claim 69, wherein the said extensive and/or prolonged re¬

arrangement of the other blastomeres is indicated by a broad peak in the blastomere

activity.

7 1 . The method according to claim 69, wherein the said prolonged cytoplasmic division and

extensive and/or prolonged re-arrangement of the other blastomeres afterwards is

indicated by a broad parameter peak determined by any of the methods described in

claim 1 to 43



72. The method according to any of the claims 44 to 7 1 , wherein little and/or short duration

of re-arrangement of blastomere position between cell divisions indicate a high quality

embryo whereas extensive and/or prolonged movement between cell divisions indicate

a poor quality embryo.

73. The method according to claim 72, wherein said movement is indicated by any of the

methods described in claim 1 to 43

74. The method according to any of the claims 44 to 73, wherein prolonged re-arrangement

of cell position between cell division is often associated with poor embryo quality,

asynchronous cell division and extensive fragmentation.

75. The method according to claim 74, wherein said prolonged re-arrangement is indicated

by broad peaks in the blastomere activity.

76. The method according to claim 74, wherein the said prolonged re-arrangement of cell

position is indicated by a broad parameter peak determined by any of the methods

described in claim 1 to 43.

77. The method according to any of the claims 44 - 76, wherein extensive persistently

immobile regions in an embryo indicates a poor quality embryo.

78. The method according to claim 77, wherein extensive refers to at least 30% of the total

area of the cross section viewed.

79. The method according to claim 77, wherein extensive refers to at least 15% of the total

area of the cross section viewed.

80. The method according to any of the claims 44 - 80, wherein the absence of immobile

regions without movement before compaction in the morula stage indicates a high

quality embryo.



8 1 . The method according to any of the claims 44 -80, wherein the ratio of average

movement in suitable time-segments and/or a ratio of standard deviations for the

difference image in different time-segments is a quality parameter.

82. The method according to claim 8 1 , wherein the said time-segments for a bovine embryo

are substantially 32-60 hours after fertilization and/or 60-75 hours after fertilization

and/or 75-90 hours after fertilization.

83. The method according to claim 8 1 to 82, wherein the said suitable time-segments are

species specific.

84. The method according to any of the claims 44 to 83, wherein early onset of the first cell

division is at least a co-indicator of high embryo quality.

85. The method according to any of the claims 44 - 84, wherein synchronized cell division

in the later stages is an indicator of a high quality embryo whereas asynchronous cell

division is an indicator of a low quality embryo.

86. The method according to any of the claims 44 to 85, wherein cell division periods of

less than substantially 1 hour raise the embryo quality measure.

87. The method according to any of the claims 44 to 86, wherein little cellular movement in

inter-division periods raise the embryo quality measure.

88. The method according to any of the claims 44 to 87, wherein early onset of first cell-

division period, i.e. before 25 hours after fertilisation for human embryos raise the

embryo quality measure.

89. The method according to any of the claims 44 to 88, wherein uniform distribution of

cellular rearrangement such as cellular movement within the embryo over time raise the

embryo quality measure.

90. A method for selecting a fertilised oocyte or embryo suitable for transplantation, freeze

preservation or elimination said method comprising



a) determining changes in the oocyte or embryo by a method as defined in any of

claims 1 - 89, and

b) selecting the oocyte or embryo suitable for transplantation, freeze preservation or

elimination

9 1 . The method of claim 90, wherein the said selected oocyte or embryo is the oocyte or

embryo having the highest embryo quality measure.

92. The method of claim 90, wherein the said selected oocyte or embryo is the oocyte or

embryo having the lowest embryo quality measure.

93. The method of claim 90, wherein the said selected oocyte or embryo is the oocyte or

embryo having a particular attributes such as a particular temporal pattern in one of the

parameters determined by the methods in claim 1 -44

94. A system for determining a change in a cell population comprising at least one cell, said

system comprising

a) means for sequentially acquiring at least two images of the cell population

b) means for comparing at least a part of the at least two images obtaining at least one

difference image

c) computer for computing a parameter from the at least one difference image, and

d) means for determining whether a change has occurred based on said computed

parameter.

95. The system according to claim 94, wherein the said computer maintains said parameter

un-normalized with respect to another parameter(s), derived from identical computing,

from other difference images obtained from the same cell population.

96. The method according to claim 94 or 95, wherein the said computer is not calculating

said parameter as nor adjusted to a normalized value between 0 and 1.



97. The method according to claim 94 to 96, wherein said parameter calculated by said

computer is a representation of the difference between the compared images.

98. The system according to claim 94 to 97, comprising one or more of the features of any

of claims 1 to 43

99. A system for determining embryo quality comprising means for monitoring the embryo

for a time period, said time period having a length sufficient to comprise at least one cell

division period and at least a part of an inter-division period, said system further having

means for determining the length of the at least one cell division period and/or

determining the cellular movement during the inter-division period and/or determining

length of time period of cellular movement during an inter-division period and having

means for determining an embryo quality measure based on the determinations in the

cell-division period(s) and the inter-division period(s).

100. The system according to claim 99, comprising means for determining one or more of

the features as defined in any of the claims 44 to 89.

101 . The system according to claims 99 or 100, comprising one or more of the features of

any of claims 1 - 43. - -

102. A system for determining the quality of a cell population comprising at least one cell,

said system comprising

a . means for sequentially acquiring at least two images of the cell population

b. means for comparing at least a part of the at least two images obtaining at least

one difference image

c. computer for computing a parameter from the at least one difference image, and

d. means for determining whether a change has occurred based on said computed

parameter.

103. The system according to claim 102, comprising means for determining one or more of

the features as defined in any of the claims 44 to 89.



. The system according to claims 102 or 103, comprising one or more of the features

of any of claims 1 - 43.



































A. CLASSIFICATIONOF SUBJECT MATTER ,
INV. G06K9/00 G06T7/00 C12M1/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G06K G06T C12M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 03/077552 A (REIFY CORP [US]; GARAKANI 1-23,
ARMAN M [US]; HACK ANDREW A [US]; ROBERTS 27-103
PE) 18 September 2003 (2003-09-18)
abstract 24-26
page 3 lines 2-11
page 31, line 2 - page 32, line 8
page 40, lines 20-29
page 54, line 11 - page 55, line 5
page 59, lines 8-33

EP 1 542 154 A (SONY UK LTD [GB]) 24-26
15 June 2005 (2005-06-15)
abstract
paragraphs [0028], [0077], [0107],
[0108], [0127] - [0132]; figures 15,20,21

-/~

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T" later document published after the international filing date

or pπoπty date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international 'X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on pπoπty claιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

O " document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art

later than the priority date claimed ' &■ document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

21 February 2007 06/03/2007

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL- 2280 HV RijSWijk

TeI (+31-70) 340-2040, Tx 31 651 epo nl,
Fax (+31-70) 340-3016 Kessler, Cordul a

Form PCT/ISA/210 (second sheet) (April 2005)



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

HNIDA CHRISTINA; ENGENHEIRO ELISABETE; 1-104

ZIEBE SOREN: "Computer-controlled,
multilevel, morphometric analysis of
blastomere size as biomarker of
fragmentation and multinuclearity in human
embryos ."
HUMAN REPRODUCTION,
vol. 19, no. 2 , February 2004 (2004-02),
pages 288-293, XP009079436
OXFORD
the whole document

Form PCT/ISA/21 0 (continuation of second sheet) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 03077552 A 18-09-2003 AU 2003211104 Al 22-09-2003
CA 2476072 Al 18-09-2003
EP 1486067 Al 15-12-2004
JP 2005521126 T 14-07-2005

EP 1542154 15-06-2005 GB 2409029 A 15-06-2005
US 2005128306 Al 16-06-2005

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

