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DETERMINING LOCATIONS IN REPRODUCTIVE CELLULAR STRUCTURES

Related Applications
[0001] The present application claims priority to each of U.S. Provisional Patent
Application Serial No. 63/077,405 filed September 11, 2020 entitled ARTIFICIAL
INTELLIGENCE-ENABLED SYSTEM TO AID IN ANEUPLOIDY SCREENING OF
PREIMPLANTATION EMBRYOS and U.S. Provisional Patent Application Serial No.
63/077,398 filed September 11, 2020 entitled ARTIFICIAL INTELLIGENCE-ENABLED
SYSTEM FOR ALIGNMENT OF OOCYTES AND PREIMPLANTATION EMBRYOS
FOR INTRACYTOPLASMIC SPERM INJECTION (ICSI) AND ASSISTED HATCHING
(AH) PROCEDURES. The entire content of each of these applications is incorporated
herein by reference in its entirety for all purposes.

Statement on Government Rights

[0002] This invention was made with government support under one or more of grant
numbers R01AI118502, RO1AI138800, and R21HD092828, awarded by the National
Institutes of Health. The government has certain rights in the invention.

Technical Field

[0003] The present invention relates generally to the field of assisted fertility, and

more particularly, to determining locations in reproductive cellular structures.

Background of the Invention
[0004] Infertility is an underestimated healthcare problem that affects over forty-eight

million couples globally and is a cause of distress, depression, and discrimination.
Although assisted reproductive technologies (ART) such as in-vitro fertilization (IVF) has
alleviated the burden of infertility to an extent, it has been inefficient with an average
success rate of approximately twenty-six percent reported in 2015 in the US. IVF
remains as an expensive solution, with a cost between $7000 and $20,000 per ART
cycle in the US, which is generally not covered by insurance. Further, many patients
require multiple cycles of IVF to achieve pregnancy. Embryos are usually transferred to
a patient's uterus during either the cleavage or the blastocyst stage of development.
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Embryos are described as being at the cleavage stage two or three days after
fertilization. Embryos reach the blastocyst stage five or six days after fertilization.
Blastocysts have fluid filled cavities and two distinguishable cell types, the

trophectoderm and the inner cell mass (ICM).

Summary of the Invention

[0005] In accordance with an aspect of the present invention, a system is provided.
The system includes a processor and a non-transitory computer readable medium
storing machine executable instructions for assigning a value representing a location of
interest within a reproductive cellular structure. The machine executable instructions
include an imager interface that receives an image of the reproductive cellular structure
from an associated imager. A neural network determines a clinical parameter
representing the location of interest within the reproductive cellular structure from the
image of the reproductive cellular structure. The clinical parameter is stored at the non-
transitory computer readable medium.

[0006] In accordance with another aspect of the present invention, a method is
provided for determining a clinical parameter representing the location of interest within
a reproductive cellular structure. An image of the reproductive cellular structure is
obtained and provided to a neural network to generate the clinical parameter. The
clinical parameter is stored on a non-transitory computer readable medium.

[0007] In accordance with yet another aspect of the present invention, a method is
provided for planning an assisted fertility procedure. An image of a reproductive cellular
structure is obtained and provided to a neural network to generate a clinical parameter
representing a location of interest within the reproductive cellular structure. A procedure
is performed on the reproductive cellular structure at a location determined according to
the clinical parameter.

Brief Description of the Drawings
[0008] The foregoing and other features of the present invention will become

apparent to those skilled in the art to which the present invention relates upon reading

the following description with reference to the accompanying drawings, in which:



WO 2022/056370 PCT/US2021/050050

[0009] FIG. 1 illustrates one example of a system for determining a location of
interest on a reproductive cellular structure;

[0010] FIG. 2 illustrates another example of a system for determining a location of
interest on a reproductive cellular structure;

[0011] FIG. 3 illustrates a method for determining a clinical parameter representing
the location of interest within a reproductive cellular structure

[0012] FIG. 4 illustrates a method for planning an assisted fertility procedure; and
[0013] FIG. 5is a schematic block diagram illustrating an exemplary system of
hardware components capable of implementing examples of the systems and methods

disclosed herein.

Detailed Description

[0014] The two most widely performed and technically challenging
micromanipulation procedures conducted in a clinical embryology laboratory are
intracytoplasmic sperm injection (ICSI) and assisted hatching (AH). Both procedures
are manually performed by highly trained embryologists. Intracytoplasmic sperm
injection is a procedure that includes alignment of metaphase (MIl) oocytes, selection,
and immobilization of sperm, and injection of sperm at a precise location that does not
interfere with the mitotic spindle. The spindle is located adjacent to the extruded polar
body and cannot be visualized using bright field microscopy. Assisted hatching is a
procedure designed to enable embryo escape from the zona pellucida (ZP). Studies
show that AH may increase the chance of pregnancy in older women with repeat IVF
failure and in frozen embryo transfer cycles. This procedure is widely used on
cleavage stage embryos to facilitate herniation and biopsy of trophectoderm cells for
Preimplantation Genetic Testing. Blastomeres can be easily damaged if AH is
performed too close to healthy cells.

[0015] A “reproductive cellular structure”, as used herein, is a single cell or
multicellular structure involved in an assisted fertility procedure on a mammalian
subject. Reproductive cellular structures can include gametes, such as oocytes, as
well as fertilized embryos prior to implantation.

[0016] A “static observation,” as used herein, is an image or group of images of a
reproductive cellular structure that represent a single point in the development of the



WO 2022/056370 PCT/US2021/050050

reproductive cellular structure. Where multiple images are used in a static observation,
no discernible change in the structure and appearance of the reproductive cellular
structure will have taken place between images.

[0017] FIG. 1 illustrates one example of a system 100 for determining a location of
interest on a reproductive cellular structure. The system 100 includes a processor 102
and a non-transitory computer readable medium 110 that stores machine executable
instructions for assigning a value representing a location of interest within a
reproductive cellular structure. The machine executable instructions include an imager
interface 112 that receives an image of the reproductive cellular structure from an
associated imager. For example, the imaging interface 112 can receive the image from
the imager via a bus or network connection and condition the image for analysis at a
neural network 114. In one example, the neural network 114 can be implemented on a
cloud computing system, with the image transmitted to the server containing the neural
network 114 via a network interface (not shown).

[0018] The neural network 114 determines, from the image of the reproductive
cellular structure, a clinical parameter representing the location of interest within the
reproductive cellular structure. In one implementation, each possible value of the
categorical clinical parameter represents a designated location within a representation
of the reproductive cellular structure. In one example, the representation can be
substantially circular, and the various values for the clinical parameter can represent
individual sectors of the circle. In one implementation, the representation is divided into
twelve thirty-degree sectors. In another example, the representation is divided into an
array of tiled polygons, and with each polygon in the array being represented by one of
the values for the clinical parameter. In one implementation, the reproductive cellular
structure is an oocyte and the clinical parameter represents a location of the polar body
within the oocyte. In another implementation, the reproductive cellular structure is an
embryo and the clinical parameter represents a location on the zona pellucida that is
furthest from a healthy blastomere.

[0019] The neural network 114 includes a plurality of nodes having a plurality of
interconnections. Values from the image, for example luminance and/or chrominance
values associated with the individual pixels, are provided to a plurality of input nodes.
The input nodes each provide these input values to layers of one or more intermediate
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nodes. A given intermediate node receives one or more output values from previous
nodes. The received values are weighted according to a series of weights established
during the training of the classifier. An intermediate node translates its received values
into a single output according to an activation function at the node. For example, the
intermediate node can sum the received values and subject the sum to an identify
function, a step function, a sigmoid function, a hyperbolic tangent, a rectified linear unit,
a leaky rectified linear unit, a parametric rectified linear unit, a Gaussian error linear
unit, the softplus function, an exponential linear unit, a scaled exponential linear unit, a
Gaussian function, a sigmoid linear unit, a growing cosine unit, the Heaviside function,
and the mish function. A final layer of nodes provides the confidence values for the
output classes of the ANN, with each node having an associated value representing a
confidence for one of the associated output classes of the classifier.

[0020] Many ANN classifiers are fully-connected and feedforward. A convolutional
neural network, however, includes convolutional layers in which nodes from a previous
layer are only connected to a subset of the nodes in the convolutional layer. Recurrent
neural networks are a class of neural networks in which connections between nodes
form a directed graph along a temporal sequence. Unlike a feedforward network,
recurrent neural networks can incorporate feedback from states caused by earlier
inputs, such that an output of the recurrent neural network for a given input can be a
function of not only the input but one or more previous inputs. As an example, Long
Short-Term Memory (LSTM) networks are a modified version of recurrent neural
networks, which makes it easier to remember past data in memory.

[0021] The neural network 114 is trained on a plurality of labeled images of the
appropriate reproductive cellular structure. By “labeled images,” it is meant that the
position of the location of interest within the image is known, for example, via expert
annotation, and the clinical parameter associated with the position of the location of
interest is provided to the neural network along with the image during the training
process. During training, the weights associated with the interconnections among
nodes in the neural network 114 are iteratively changed until, once the network is
changed, an output of the network when presented with a novel, unlabeled image
provides a clinical parameter representing the location of the location of interest within
the novel image. This clinical parameter or a representation of the clinical parameter
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can be stored on the non-transitory computer readable medium 110 and/or provided to
a user via an associated output device.

[0022] FIG. 2 illustrates another example of a system 200 for determining a location
of interest on a reproductive cellular structure. Specifically, the system 200 generates a
categorical clinical parameter representing a location on the reproductive cellular
structure. The system 200 includes an imager 202 that acquires an image of the
reproductive cellular structure on at least one day of development. For example, the
imager 202 can include one or more cameras, capable of producing images in the
visible or infrared range, paired with appropriate optics to provide an image of a
reproductive cellular structure. In one implementation, the imager 202 can be
implemented to capture images of an embryo at multiple days of development as part
of a time-lapse embryo imaging system. In another implementation, the imager 202
can be configured to generate a static observation of the reproductive cellular structure
as a set of one or more images. In one implementation, the imager 202 includes an
attachment for a mobile device that operates with a camera of the mobile device to
provide the images of the reproductive cellular structure. The housing for the
attachment can be 3-D printed using polylactic acid with dimensions of 82 x 34 x 48
mm. An acrylic lens can be included in the housing to provided appropriate
magnification for the embryo images.

[0023] In another implementation, the imager 202 can be implemented as a stand-
alone system with an optical housing that is 3-D printed from polylactic acid and overall
dimensions of 62 x 92 x 175 mm. The housing contains an electronic circuit with a
white light-emitting diode, a three-volt battery, and a single pole double-throw switch.
The embryo sample is transilluminated, with a 10x Plan-Achromatic objective lens for
image magnification and a complementary metal-oxide-semiconductor (CMOS) image
sensor for embryo image data acquisition. The CMOS sensor can be connected to a
single-board computer to process the captured images. The imager 202 can be
connected to a mobile device via a wireless connection (e.g., Wi-Fi, Bluetooth, or a
similar connection) for data processing and visualization.

[0024] The one or more images obtained at the imager 202 are provided to an
analysis system 210 comprising a processor 212, an output device 214, and a non-
transitory computer readable medium 220 storing instructions executable by the
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processor. The instructions are executable to provide an imager interface 222 that
receives the image or images of the reproductive cellular structure. The imager
interface 222 can apply one or more imaging condition techniques, such as cropping
and filtering, to better prepare the image for analysis. The images are then provided to
a neural network 224 that provides the categorical clinical parameter representing the
desired location.

[0025] In one implementation, the neural network 224 can be a convolutional neural
network, which is a feed-forward artificial neural network that includes convolutional
layers, which effectively apply a convolution to the values at the preceding layer of the
network to emphasize various sets of features within an image. In a convolutional
layer, each neuron is connected only to a proper subset of the neurons in the preceding
layer, referred to as the receptive field of the neuron. In one example, the convolutional
neural network is implemented using the Xception architecture. In one implementation,
at least one chromatic value (e.g., a value for an RGB color channel, a YCrCb color
channel, or a grayscale brightness) associated with each pixel is provided as an initial
input to the convolutional neural network.

[0026] In another implementation, the neural network 224 can be implemented as a
recurrent neural network. In a recurrent neural network, the connections between
nodes in the network are selected to form a directed graph along a sequence, allowing
it to exhibit dynamic temporal behavior. In another implementation, the neural network
224 is implemented and trained as a discriminative network in a generative adversarial
model, in which a generative neural network and the discriminative network provide
mutual feedback to one another, such that the generative neural network produces
increasingly sophisticated samples for the discriminative network to attempt to classify.
Regardless of the structure of the neural network 224, some or all layers of the neural
network can be trained via transfer learning from another system, with only some of the
layers trained on the training images of the reproductive cellular structure. A final layer
of the neural network 224 can be implemented as a softmax layer to provide a
classification result.

[0027] Inresponse to a novel image, the neural network 224 generates a clinical
parameter representing the portion of the image containing the location of interest. The
clinical parameter can be provided to a user at the output device 214 via a user
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interface 226. For example, the user interface 226 can include appropriate software
instructions for receiving the output of the neural network 224 and presenting it at the
output device 214. In one implementation, the output device 214 can include a mobile
device that communicates wirelessly with the analysis system 210. In one example,
the clinical parameter can be provided to the user as a representation of the cellular
reproductive structure with the section of the cellular reproductive structure highlighted
within the representation.

[0028] In view of the foregoing structural and functional features described above, a
method in accordance with various aspects of the present invention will be better
appreciated with reference to FIGS. 3 and 4. While, for purposes of simplicity of
explanation, the methods of FIGS. 3 and 4is shown and described as executing serially,
it is to be understood and appreciated that the present invention is not limited by the
illustrated order, as some aspects could, in accordance with the present invention, occur
in different orders and/or concurrently with other aspects from that shown and described
herein. Moreover, not all illustrated features may be required to implement a method in
accordance with an aspect the present invention.

[0029] FIG. 3 illustrates one method 300 for determining a clinical parameter
representing the location of interest within a reproductive cellular structure. In one
example, the method 300 can be used to determine the location of a polar body within
an oocyte, with the clinical parameter representing a portion of the oocyte containing the
polar body. In another example, the method can be used to determine a location on the
zona pellucida that is furthest from a healthy blastomere, with the clinical parameter
representing the appropriate location. At 302, an image of the reproductive cellular
structure is obtained. For example, an image can be captured at an appropriate imager
and provided to a computer system for image processing.

[0030] At 304, the image of the reproductive cellular structure is provided to a neural
network to generate the clinical parameter. Each possible value of the clinical
parameter represents a designated location within a representation of the reproductive
cellular structure, such that the clinical parameter indicates the location of interest within
the image. The neural network can be implemented as any of a convolutional neural

network, a recurrent neural network, and a discriminative classifier trained as part of a
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generative adversarial network. At 306, the clinical parameter is stored on a non-
transitory computer readable medium.

[0031] FIG. 4 illustrates a method 400 for planning an assisted fertility procedure. At
402, an image of the reproductive cellular structure is obtained. For example, an image
can be captured at an appropriate imager and provided to a computer system for image
processing. At 404, the image of the reproductive cellular structure is provided to a
neural network to generate a clinical parameter representing a location of interest within
the reproductive cellular structure. Each possible value of the clinical parameter
represents a designated location within a representation of the reproductive cellular
structure, such that the clinical parameter indicates the location of interest within the
image. The neural network can be implemented as any of a convolutional neural
network, a recurrent neural network, and a discriminative classifier trained as part of a
generative adversarial network.

[0032] At 406, a procedure can be performed on the reproductive cellular structure at
a location determined according to the clinical parameter. In one example, the method
400 can be used to determine the location of a polar body within an oocyte, with the
clinical parameter representing a portion of the oocyte containing the polar body. The
location of the polar body can be used to determine an appropriate location for
intracytoplasmic sperm injection. For example, the intracytoplasmic sperm injection can
be performed at a location spaced ninety degrees from the polar body. In another
example, the method 400 can be used to determine a location on the zona pellucida that
is furthest from a healthy blastomere to avoid damaging healthy blastomeres during
laser assisted hatching. In one implementation, the procedure can be performed by an
automated robotic system based upon the location represented by the clinical
parameter.

[0033] FIG. 5is a schematic block diagram illustrating an exemplary system 500 of
hardware components capable of implementing examples of the systems and methods
disclosed in FIGS. 1-4, such as the systems illustrated in FIGS. 1 and 2. The system
500 can include various systems and subsystems. The system 500 can be any of
personal computer, a laptop computer, a workstation, a computer system, an

appliance, an application-specific integrated circuit (ASIC), a server, a server blade

center, or a server farm.
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[0034] The system 500 can includes a system bus 502, a processing unit 504, a
system memory 506, memory devices 508 and 510, a communication interface 512
(e.g., a network interface), a communication link 514, a display 516 (e.g., a video
screen), and an input device 518 (e.g., a keyboard and/or a mouse). The system bus
502 can be in communication with the processing unit 504 and the system memory
506. The additional memory devices 508 and 510, such as a hard disk drive, server,
stand-alone database, or other non-volatile memory, can also be in communication with
the system bus 502. The system bus 502 interconnects the processing unit 504, the
memory devices 506-510, the communication interface 512, the display 516, and the
input device 518. In some examples, the system bus 502 also interconnects an
additional port (not shown), such as a universal serial bus (USB) port.

[0035] The system 500 could be implemented in a computing cloud. In such a
situation, features of the system 500, such as the processing unit 504, the
communication interface 512, and the memory devices 508 and 510 could be
representative of a single instance of hardware or multiple instances of hardware with
applications executing across the multiple of instances (i.e., distributed) of hardware
(e.g., computers, routers, memory, processors, or a combination thereof). Alternatively,
the system 500 could be implemented on a single dedicated server.

[0036] The processing unit 504 can be a computing device and can include an
application-specific integrated circuit (ASIC). The processing unit 504 executes a set of
instructions to implement the operations of examples disclosed herein. The processing
unit can include a processing core.

[0037] The additional memory devices 506, 508, and 510 can store data, programs,
instructions, database queries in text or compiled form, and any other information that
can be needed to operate a computer. The memories 506, 508 and 510 can be
implemented as computer-readable media (integrated or removable) such as a memory
card, disk drive, compact disk (CD), or server accessible over a network. In certain
examples, the memories 506, 508 and 510 can comprise text, images, video, and/or
audio, portions of which can be available in formats comprehensible to human beings.
[0038] Additionally or alternatively, the system 500 can access an external data
source or query source through the communication interface 512, which can
communicate with the system bus 502 and the communication link 514.
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[0039] In operation, the system 500 can be used to implement one or more parts of
an embryo evaluation system in accordance with the present invention. Computer
executable logic for implementing the composite applications testing system resides on
one or more of the system memory 506, and the memory devices 508, 510 in
accordance with certain examples. The processing unit 504 executes one or more
computer executable instructions originating from the system memory 506 and the
memory devices 508 and 510. It will be appreciated that a computer readable medium
can include multiple computer readable media each operatively connected to the
processing unit.

[0040] Specific details are given in the above description to provide a thorough
understanding of the embodiments. However, it is understood that the embodiments
can be practiced without these specific details. For example, circuits can be shown in
block diagrams in order not to obscure the embodiments in unnecessary detail. In other
instances, well-known circuits, processes, algorithms, structures, and techniques can
be shown without unnecessary detail in order to avoid obscuring the embodiments.
[0041] Implementation of the techniques, blocks, steps, and means described above
can be done in various ways. For example, these techniques, blocks, steps, and means
can be implemented in hardware, software, or a combination thereof. For a hardware
implementation, the processing units can be implemented within one or more
application specific integrated circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGASs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions described
above, and/or a combination thereof.

[0042] Also, it is noted that the embodiments can be described as a process which
is depicted as a flowchart, a flow diagram, a data flow diagram, a structure diagram, or
a block diagram. Although a flowchart can describe the operations as a sequential
process, many of the operations can be performed in parallel or concurrently. In
addition, the order of the operations can be re-arranged. A process is terminated when
its operations are completed, but could have additional steps not included in the figure.

A process can correspond to a method, a function, a procedure, a subroutine, a
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subprogram, etc. When a process corresponds to a function, its termination
corresponds to a return of the function to the calling function or the main function.
[0043] Furthermore, embodiments can be implemented by hardware, software,
scripting languages, firmware, middleware, microcode, hardware description
languages, and/or any combination thereof. When implemented in software, firmware,
middleware, scripting language, and/or microcode, the program code or code segments
to perform the necessary tasks can be stored in a machine readable medium such as a
storage medium. A code segment or machine-executable instruction can represent a
procedure, a function, a subprogram, a program, a routine, a subroutine, a module, a
software package, a script, a class, or any combination of instructions, data structures,
and/or program statements. A code segment can be coupled to another code segment
or a hardware circuit by passing and/or receiving information, data, arguments,
parameters, and/or memory contents. Information, arguments, parameters, data, etc.
can be passed, forwarded, or transmitted via any suitable means including memory
sharing, message passing, ticket passing, network transmission, etc.

[0044] For a firmware and/or software implementation, the methodologies can be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. Any machine-readable medium tangibly embodying
instructions can be used in implementing the methodologies described herein. For
example, software codes can be stored in a memory. Memory can be implemented
within the processor or external to the processor. As used herein the term “memory”
refers to any type of long term, short term, volatile, nonvolatile, or other storage
medium and is not to be limited to any particular type of memory or number of
memories, or type of media upon which memory is stored.

[0045] Moreover, as disclosed herein, the term "storage medium” can represent one
or more memories for storing data, including read only memory (ROM), random access
memory (RAM), magnetic RAM, core memory, magnetic disk storage mediums, optical
storage mediums, flash memory devices and/or other machine readable mediums for
storing information. The terms “computer readable medium” and "machine readable
medium” includes, but is not limited to portable or fixed storage devices, optical storage
devices, wireless channels, and/or various other storage mediums capable of storing
that contain or carry instruction(s) and/or data. It will be appreciated that a “computer

12
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readable medium” or “machine readable medium” can include multiple media each
operatively connected to a processing unit. In such a case, when it is stated that data
is stored at the computer readable medium, it can refer to any of the interconnected
media within the system.

[0046] While the principles of the disclosure have been described above in
connection with specific apparatuses and methods, it is to be clearly understood that
this description is made only by way of example and not as limitation on the scope of

the disclosure.
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Having described the invention, we claim:

1. A system comprising:

a processor; and

a non-transitory computer readable medium storing machine executable
instructions for assigning a value representing a location of interest within a
reproductive cellular structure, the machine executable instructions comprising:

an imager interface that receives an image of the reproductive cellular
structure from an associated imager; and

a neural network that determines, from the image of the reproductive cellular
structure, a clinical parameter representing the location of interest within the
reproductive cellular structure; and

wherein the clinical parameter is stored at the non-transitory computer

readable medium.

2. The system of claim 1, further comprising an output device, the machine
executable instructions comprising a user interface that displays the clinical

parameter to a user at the output device.

3. The system of claim 1, wherein the reproductive cellular structure is an oocyte
and the clinical parameter represents a location of the polar body within the oocyte.

4. The system of claim 1, wherein the reproductive cellular structure is an
embryo and the clinical parameter represents a location on the zona pellicuda that is

furthest from a healthy blastomere.

5. The system of claim 1, wherein the neural network is trained on a set of
images, each labelled with a class of a plurality of classes, with each of the plurality
of classes representing a section of the reproductive cellular structure containing the
location of interest, the clinical parameter comprising a categorical parameter

representing one of the plurality of classes.
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6. The system of claim 1, wherein the neural network is a convolutional neural
network.
7. The system of claim 1, further comprising the imager, the imager comprising:

a white light emitting diode;
a complementary metal-oxide-semiconductor (CMOS) image sensor; and
an objective lens connected to the CMOS image sensor.

8. The system of claim 9, further comprising the imager, the imager comprising a
plastic housing containing an acrylic lens and configured to affix to a mobile device,
such that the acrylic lens is aligned with a camera of the mobile device.

9. A method for determining a clinical parameter representing the location of
interest within a reproductive cellular structure, the method comprising:

obtaining an image of the reproductive cellular structure; and

providing the image of the reproductive cellular structure to a neural network
to generate the clinical parameter; and

storing the clinical parameter on a non-transitory computer readable medium.

10.  The method of claim 9, further comprising performing a procedure on the
reproductive cellular structure at a location determined according to the clinical

parameter.

11.  The method of claim 10, wherein the procedure on the reproductive cellular
structure is one of intracytoplasmic sperm injection and laser assisted hatching.

12.  The method of claim 9, wherein the reproductive cellular structure is an

oocyte and the clinical parameter represents a location of the polar body within the

oocyte.
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13.  The method of claim 9, wherein the reproductive cellular structure is an
embryo and the clinical parameter represents a location on the zona pellicuda that is

furthest from a healthy blastomere.

14.  The method of claim 9, wherein providing the image of the embryo to the
neural network comprises providing the image of the embryo to a discriminative
classifier trained as part of a generative adversarial network.

15.  The method of claim 9, wherein providing the image of the embryo to the
neural network comprises providing the image of the embryo to a recurrent neural

network.

16. A method for planning an assisted fertility procedure, the method comprising:

obtaining an image of a reproductive cellular structure; and

providing the image of the reproductive cellular structure to a neural network
to generate a clinical parameter representing a location of interest within the
reproductive cellular structure; and

performing a procedure on the reproductive cellular structure at a location

determined according to the clinical parameter.

17.  The method of claim 16, wherein the reproductive cellular structure is an
oocyte and the clinical parameter represents a location of the polar body within the

oocyte.

18.  The method of claim 17, wherein performing a procedure on the reproductive
cellular structure at the location determined according to the clinical parameter
comprises performing intracytoplasmic sperm injection at a location spaced ninety

degrees from the polar body.

19.  The method of claim 16, wherein the reproductive cellular structure is an
embryo and the clinical parameter represents a location on the zona pellicuda that is

furthest from a healthy blastomere.
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20. The method of claim 19, wherein performing a procedure on the reproductive
cellular structure at the location determined according to the clinical parameter
comprises performing laser assisted hatching at a location indicated by the clinical

parameter.
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