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Augmented Reality Laser Capture Microdissection Machine

Priority
This application claims priority benefits of UL.S. provisional application serial no.
82/780,221 filed January 8, 2015,

This disclosure is divected to a laser capture microdissection (LCM) machine which
includes an augmented reality (AR) viewing feature and automated identification of potential

celis of interest Tor excision and capture by the LOM machine.

Background

Laser capture microdissection is a technique for isolating and extracting specific
groups of cells of interest from microscopic regions in tissue samples. Special purpose LCM
machines are currently commercially available from several different manufacturers and
described in the patent and scientific literature. Such machines typically include a
microscope for allowing the operator to view the specimen under magnification. After an
operator has designated specific groups of cells of inferest, typically on a workstation
monitor, lasers are guided to the corresponding location in the microscope slide to excise the
area of interest from the slide. A capture mechanism captures the groups of cells and
places them in a suitable medium or on a subsirate.

The Assigned of this disclosure has described an augmented reality microscope in
PCT application PCT/AUS2017/037212, published as WO 2018/231204 on December 20,

2018, the content of which is incorporated by reference herein.

Summary

in a first aspect, an augmenied reality laser capture microdissection machine is
disclosed. The machine is configured for capturing cells of inlerest from a sample. The
machine includes: a) a microscope having an eyepiece and a camera configured o caplure
images of the field of view of the microscope as seen through the eyepiece; b) an
augmented reality subsystem configured {o receive the images from the camera, the
subsystem including a machine learning model stored on a machine readable medium
identifying cells of potential interest in the images and a optics module projecting into the
view of the microscope as seen through the eyepiece an cutline of cells of potential interest
identified by the machine learming model; ¢} a laser capture and microdissection subsystem
configured for excising the cells of inferest from the sample with one or more lasers and

placing such celis of interest on a suitable medium; and d} an operator-activated input
1
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mechanism configured to provide input to the laser capture and microdissection subsysiem
whereby operator aclivaiion of the input mechanism while viewing the specimen and the
outline of cells identified by the machine leaning mode! at the evepiece invokes the laser
capiure and microdissection subsystem so as to excise the cells of interest from the sample
within the outline and place them on the medium.

in one configuration, the input mechanism is activated while the operator is viewing
the specimen and the outline of cells identified by the machine leaning model at the
eyepiece, e.g., by activating a voice command, activating a foot switch, clicking a mouse, or
taking some other specified action.

In another aspect, a method is described for capturing celis of interest from a sample
with the aid of a microscope having an eyepiece. The method includes the steps of a)
projecting an augmenied reality image inlo the field of view of the microscope as seen
through the eyepiece, the augmented reality image identifying cells of potential interest for
laser caplure microdissection, typically in the form of a border or outline; and b) invoking a
laser capture and microdissection subsystem coupled to the microscope 50 as to excise the
cells of potential interest, as presented in the augmented reality image, from the sample in
response 1o an operator instruction and place them on a suitable medium.

in one configuration, method includes repeating steps a) and b} as an operator of the
microscope changes magnification or navigates o different areas of the sample with the
microscope.

In one embodiment, in step b} the operator instruction is received while the operator
is viewing the specimen through the eyepiece of the microscope. in other words, the
operator does not have 1o ook away from the specimen and perform a manual annotation
task on an external device to draw a circle or specify a cluster of cells of inferest; rather the
augmented reality oulline of the celis of interest are presented o the operator while they
view the specimen through the eyepiece and they invoke the LCM subsystem (o capture the
cells of interest within the oulline by a simple command, such as voice activated swiich, foot
switch, clicking a mouse, or other direct operation.

in another aspect, an improvement to a machine including a microscope having an
evepiece and a laser capture and microdissedction subsystem configured 1o excise cells of
interest from a sample and place them on a suitable medium is disclosed. The improvement
takes the form of providing the machine with an augmented reality subsystem including a) a
camera configured for capturing images of the field of view of the microscope; b) a machine
learning modet for identifying cells of potential inferest within the images; ¢} an AR image
generation unit and an optics module for overlaying an augmenied reality image, e.g.,

enhancement onto the field of view as seen through the eyepiece in the form of an outlineg of
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polential celis of interest for LCM; and d) an operator activated input mechanism (e.g.,
switch) for invoking the laser capture and microdissection subsystem (o excise the potential
cells of interest in accordance with the augmented reglity image from the sample and place
the celis of interest in a suilable medium.

Brief Description of the Drawings

Figure 1 is & schematic view of an LCM machine which is configured with an AR
subsystem.

Figure 2 is a schematic view of an augmenied reality microscope which is configured
with an LOM subsystem.

Figure 3A is an illustration of the view through the eyepiece of an LCM machine
which does not have the AR aspect of this disclosure,

Figure 3B is an illustration of the view through the evepiece of an LCM machine
which does have the AR aspect of this disclosure, e.q., the instrument of either Figure 1 or
Figure 2, showing the cells of polential interest for LCM surrounded by a border; if the
operator is satisfied that the cells of interest should be captured they aclivate a swilch or
other suitable control device to trigger operation of the LOM subsystem.

Figure 3C is the view of the specimen after the microdissection operation.

Detalled Description

A system and method is described, which includes an augmenied reality (AR)
subsystem including one or more machine learning maodels, which operates to automatically
gveriay an augmentad reality image, €.¢., a border or outling, that identifies cells of potential
interest, in the field of view of the specimen as seen through the eyepiece of LCM
microscope. The operator does not have o manually identify the cells of interest for
subsequent LCM, e.g., on a workstation monitor, as in the prior art. Rather, the areas of
potential interest are identified automatically by the machine leaming models in the AR
subsystem and an augmented reality overlay image {e.g., border or outline) is provided in
the field of view of the microscope so that the operator can see the tissue directly as well as
the overlay identifying the cells or tissue of interest for LOM.  The operator is provided with a
switch, operator interface tool or other mechanism fo select the identification of the cells, that
is, indicate approval of the identification of the cells, while they view the specimen through
the eyepiece. Activation of the switch or other mechanism invokes laser excising and
capiure of the cells of interest via a known and conventional LOM subsystem. Thus, this

disclosure marries together two distinct technologies (1) a augmented reality microscope
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{(and automatic identification regions which may be of interest for LCM), and (2) laser capture
microdissection.

Two approaches to implementation of the system and method of this disclosure are
contemplated:

1) integrate a LCM subsystem into an existing AR microscope system (e.g., as
described in published PCT application WO 2018/231204). This requires providing the
laser and sample capture subsysiem, as provided in known, existing LCM machines, and
integrating them with the AR microscope. The machine learning models of the AR
microscope are developed to identify particular tissueg or cell types of interest in LOM, for
example the organ buds mentioned in Vincenzo Faduano et al., Fully automated organ bud
defection and segmentation for Laser Capture Microdissection applications, 2011 IEEE
international Conference on Imaging Systems and Techniques Penang, Malaysia (17-18
May 2011). The generation of an AR image and displaying it superimposed on the field of
view seen through the eyepiece can be advantageousily performed as described in WO
2018/231204 . Furthermore, the data representing the outline or border in the augmented
reality image is supplied to the LCM subsystem, thereby providing the X/Y coordinates within
the sample for the cells of inferest and therefore allow the laser to correcily execute the
excising operation and capture of the cells of inferest and place them on a suitable medium.

A variety LCM systems are known and provided by various manufacturers and
described in the patent literature. See, for example, U.S. patent no. 9,804,144, U.S. patent
no. 8,279,749; U.S. patent no. 9,664,598, the content of which are incorporated by
reference.

2} add an AR subsystem to an existing LCM machine. This option requires the
addition of the AR components, including a camera optically coupled to the LCM machine
eyepiece capiuring a magnified digital image of the field of view of the sample as seen
through the eyepiece of the microscope (if not already present), and a computing unit
including a machine learning model (artificial intelligence pattemn recognizer) that receives
the images from the camera and identifies areas or cells of interest in the sample from the
data in the digital image. The LCM machine aiso is fitled with an optics module which
incorporates a component, such as a semitransparent mirror or beam combiner/splitter, for
overtaying an enhancement generated by the compute unit onto the field of view through the
eyepiece. The optics module allows the operator 1o see the field of view of the microscope
as they would in a conventional microscope of an LCM machine, and, on demand or
automatically, see an enhancement {in this application, a boundary or outline of LCM tissue
or cells of interest) as an overlay on the fisld of view which is projected into the field of view

by an AR display generation unit and lens.
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in either approach, as the operator moves the sample relative to the microscope
oplics in X and Y or changes magnification or focus, new images are captured by the
camera and supplied to the machine learning pattern recognizer, and new region of interest
boundaries are overlaid onto the field of view through the eyepiece. This display of new
enhancements, superimposed on the field of view happens in substantial real time (.e.,
within a few seconds or even fraction of a second) as the operator moves the slide relative to
the microscope optics, changes focus, or changes magnification and continues to observe
the specimen through the eyepiece. if the enhancement/boundary is of an area of interest,
e.g., a cluster of cells, that the operator wants {0 be captured by LOM, they activate a swiich
or other suitable input mechanism (which can vary depending on the LOM configuration)
which then causes laser excision of the cells of interest and subsequent capture of the celis
in or on a suitable medium in the usual manner provided by the LCM machine.

Referring now {o the drawings, Figure 1 illusirates a LCM machine 10 which includes
a augmenied reality microscope subsystem 100 including binocular eyepieces 104 and a
LCM subsystem 200 which performs laser capture and transport of excised cells from a
sample in conventional manner. The specific techniques for laser capture, microdissection
and transfer onto a suilable substrate or medium can vary widely and use any of the
currently known LCM formats of the varicus manufacturers and described in the scientific
and technical Hterature. Since these methods and the LOM subsystem (200) is known, a
detailed description is omitted for the sake of brevity.

The LCM machine 10 includes a camera 124 which captures images of the field of
view of the microscope as seen through the eyepieces. This image 125 (and in practice,
typically a steady stream of images) is supplied io a compuie unit 126, which may take the
form of a general purpose computer which is equipped with one or more machine learning
models. These models have been trained {o identify cells of interest in the type of issue
currenily being examined, and at the current magnification of the microscope subsystem
100. A digital image 125 from the camera is fed o the appropriate model and the model
identifies one or more clusters of cells of polential interest.  The model may take the form of
a deep convolutional neural network., The compute unit 126 generates an augmented reality
enhancerment to the field of view in the form of an image of a boundary or outline
surrounding the cluster of cells of potential interest in the field of view. This enhancement
is referred to as an “annotation map” 300 in Figure 1. This annotation map is superimposed
on the current field of view as seen through the evepieces by projecting the annotation map
into the field of view using an optics module as explained in detall in Figure 2.

Further, this annotation map, or alternatively the data representing the outline, is

provided to the LOM subsystem 200. The LCM subsystem uses the annotation map as input
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of the X/Y regions of the sample which are io be excised upon the receipt of a command or
instruction from the operators. In particular, while the operator is viewing the specimen with
the annotation map superimposed at the eyepiece of the microscope subsystem 100, the
operator can decide {o initiate LCM of the identified cluster of cells for LCM operation by
activating an input mechanism, shown as a switch 400, or taking other operator interface
action o initiste LCM action. For example, in Figure 1, the LOM machine 10 includes an
input mechanism in the form of a mouse 400 which is connected 1o the LOM subsystem and
activating a click of the mouse the LOM is triggered. Aliernatively, the input mechanism 400
could take the form of a foot switch, which when depressed by the operator triggers initiation
of LCM. Alternatively, the input mechanism 400 could be integrated into the LCM machine
18 and be voice activated, e.g., by the operator speaking a designated command such as
‘cut” or "select.”

Figure 2 is a schematic illustration of an augmented reality microscope 100 which is
fitted with an LCM subsystem 200. The microscope 100 is described in detail in the patent
literature, see WO 2018/231204 and in U.S. provisional application serial no. 62/656557 filed
Aprit 12, 2018, the content of which is incorporated by reference herein.  Figure 2 shows the
augmented reality microscope 100 in conjunction with an optional connected pathologist
workstation 140. The microscepe includes an eyepiece 104 {opticnally a second eyepiece in
the case of a slereoscopic microscepe). A stage 110 supports a slide 114 confaining a
biological sample. An illumination source (not shown) projects light through the sample. A
microscope objective lens 108 directs an image of the sample as indicated by the arrow 106
1o an optics module 120. Additional lenses 108A and 108B are provided in the microscope
for providing different levels of magnification. A focus adjustment knob 160 allows the
gperator o change the depth of focus of the lens 108,

The optics module 120 incorporates a component, such as a semitransparent mirror
122 or beam combiner/splitter for overlaying an enhancement onto the field of view through
the eyepiece. The oplics module 120 allows the operator {o see the field of view of the
microscope as he would in a conventional microscope, and, on demand or automatically,
see an enhancement (heat map, boundary or cutline, annotations, “annctation map” of
Figure 1, etc.) as an overlay on the field of view which is projecied info the field of view by an
augmented reality (AR} display generation unit 128 and a lens 130. The image generagted by
the display unit 128 is combined with the microscope field of view by the semitransparent
mirror 122, As an alternative to the semitransparent mirror, a liguid crystal display (LCD)
could be placed in the optical path that uses a transmissive negative image 1o project the

enhancement into the optical path.
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The optics module 120 can take a variety of different forms, and various
nomenclature is used in the art to describe such a module. For example, it is referred (o as
a “projection unit”, “image injection module” or “optical see-through display technology.”
Litergture describing such units include US patent application publication 2016/0183779 (see
description of Figures 1, 11, 12, 13) and published PCT application WO 2016/130424A1
{see description of Figures 2, 3, 4A-40); Watson et al., Augmented microscopy. real-fime
overiay of bright-field and near-infrared fluorescence images, Journal of Biomedical optics,
vol. 20 (1) October 2015, Edwards et al.,, Augmeniation of Reality Using an Qperating
Microscope, J. iImage Guided Surgery. Vol 1 no. 3 {1895}, Edwards et al., Sftereo
augmenied reality in the surgical microscope, Medicineg Meets Virtual Reality (18887) J.D.
Westward et al (eds.) 103 Press, p. 102.

The semi-transparent mirror 122 directs the field of view of the microscope 1o both
the eyepiece 104 and also to a digital camera 124. A lens for the camera is nol shown but is
conventional. The camera may take the form of a high resolution (e.g., 16 megapixel) video
camera operating at say 10 or 30 frames per second. The digital camera captures magnified
images of the sample as seen through the eyepiece of the microscope. Digital images
captured by the camera are supplied to a compute unit 126. Alternatively, the camera may
take the form of an ultra- high resolution digital camera such as APS-H-size {(approx. 28.2 x
20.2 mmy 250 megapixel CMOS sensor developed by Cannon and announced in September
2015,

Briefly, the compute unit 126 includes a machine learning pattern recognizer which
receives the images from the camera. The maching learning pattern recognizer may take
the form of a deep convolutional neural network which is trained on a large set of
microscope slide images of the same type as the biological specimen under examination.
Additionally, the pattern recognizer will preferably take the form of an ensemble of pattern
recognizers, each {rained on a set of slides at a different level of magnification, e.q., 5%,
10X, 20X, 40X, The paitern recognizer is trained 1o identify regions of interest in an image
{(the exact type which will vary depending on the specific application of LCM under
consideration) in biclogical samples of the type currently placed on the stage. The patlern
recognizer recognizes regions of interest on the image captured by the camera 124, The
compute unit 126 generates data representing an enhancement to the view of the sample as
seen by the operator, in this example in the form of a closed curve or boundary, which is
generated and projected by the AR display unit 128 and combined with the eyepiece field of
view by the semitransparent mirror 122.

Other maching learning approaches can be used to identify the regions of interest.

See Vincenzo Paduano et al., Fully aufomated organ bud detection and segmentation for
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Laser Capture Microdissection applications, 2011 IEEE International Conference on Imaging
Systems and Technigues Penang, Malaysia (17-18 May 2011); Brasko et al., Infefliigent
image-based in situ single~cell isolation, Nature Communications Vol. 9 article no. 226
(January 2018) ; Bing et al, U.S. Patent Application Publication no. 2018/0114317.

The essentially continuous capiure of images by the camera 124, rapid performance
of interference on the images by the patiern recognizer, and generation and projection of
enhancements as overlays onio the field of view, enables the microscope of Figure 2 1o
continue to provide enhancements o the field of view and assist the pathologist in selecting
celis of interest in the specimen for LOM in substantial real time as the operalor navigates
around the slide {e.g., by use of a motor driving the stage), by changing magnification by
switching to a different objective lens 108A or 1088, or by changing depth of focus by
operating the focus knob 160.

By “substantial real time,” we mean that an enhancement or overlay is projected onto
the field of view within 10 seconds of changing magnification, changing depth of focus, or
navigating and then stopping at a new location on the slide. In practice, as explained below,
with the optional use of inference accelerators, we expect that in most cases the new overlay
can be generated and projected ontio the field of view within a matter of a second ortwo or
even a fraction of a second of a change in focus, change in magnification, or change in slide
position.

The above description is also applicable to the system of Figure 1 and the LOM
machine of Figure 1 is outfitted with the augmented reality subsystem of the microscope of
Figure 2, including the camera 124 (if not already present}, the compute unit 126, and the
optics module 120,

Note further that in Figure 2 the enhancement or annotation map generated in the
compuie unit 126 {(or data representing the outline of the annotation map) is also provided 1o
the LCM subsystem 200 so as {0 enable the LOM subsystem to perform laser excision of the
cells of inlerest at the correct X/Y location in the specimen and capture of the celis in a
suitable medium in accordance with the enhancement on the field of view as seen by the
gperator,

When the operator uses the instrument of Figure 2 and wishes {o initiate an LCM
operation, they activate the switch 400 of Figure 2 and the LOM laser capture and
microdissection operations commence.

The operator then continues 1o navigate around the slide, change focus, change
magnification, etc. as they see fit and meanwhile the compute unit continues to generale
new boundaries of cells of potential inferest which are displayed in the field of view of the

microscope.  The operator continues to activale the LOM subsystem as desired to capture
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additional cells of interest by aclivating the switch 400. When the operator is done with a
particular specimen (microscope slide) they select a new one, it is placed on the stage 110
and the process continues as explained above.

Figure 3A is an illustration of the view through the evepiece of an LCM machine
which does not have the AR aspect of this disclosure. The operator views a sample 300,
and a cluster of cells in roughly the center of Figure 3, but they still have to manually draw
the boundary over cluster of cells of interest, e.g., with the aid of drawing tools and an
external monitor.

Figure 3B is an illustration of the view through the eyepiece of an LCM machine
which does have the AR aspect of this disclosure, e.g., the instrument of either Figure 1 or
Figure 2, showing the cells of potential interest for LCM surrounded by a border 302; if the
operator is satisfied that the cells of interest should be captured they activale the swiich 400
or other suitable control device to trigger operaiion of the LCM subsystem of Figure 1 or
Figure 2.

Figure 3C is the view of the specimen afier the microdissection operation. The cells
within the border 300 are now removed from the view through the microscope eyepiece as
indicated by the vacant area 304, indicating that the LCM operation {o remove the cells from
the sample slide and place them in a suftable medium has occourred.

The details of the compute unit 126 of Figures 1 and 2 are described in the
previously cited patent literature, therefore a detailed description will be omitted. In a typical
implementation it includes a deep convolutional neural network pattemn recognizer in the
form of a memory storing processing instructions and parameters for the neural network and
a ceniral processing unit or performance of inference on a captured image. The module
may also include a graphics card generating overlay digital data {e.g. annoctations, cutlines,
eic.) based on the inference resulis from the pattern recognizer. A memory includes
processing instructions for selecting the appropriate machine learning model based on the
current magnification level. The compute unit may also include an inference accelerator to
speed up the performance of inference on captured images. The compute unit further
includes various interfaces to other components of the systermn including an interface, not
shown, to receive the digital images from the camera, such as a USB port, an interface (e.q.,
network cable port or HDMI port) {0 send digital display data to the AR display unit 128, an
interface (e.q., network cable port) 216 to the workstation 140 or to the LCM subsystem 200
and an interface {e.g., SC card reader) enabling the compute unit {o receive and download
poriable media containing additional patlern recognizers to expand the capability of the

system to perform pattern recoghnition and overlay generation for different pathology
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applications. In practice, additional hard disk drives, processors, or other components may
be present in the compute unit, the details of which are not paricularly important.

in another possible configuration, the compute unit 126 could take the form of a
general purpose computer (e.q., PC) augmented with the pattern recognizer(s) and
accelerator, and graphics processing modules. The personal computer has an interface o
the camers (e2.g., a USB port receiving the digital image data from the camera), an interface
10 the AR projection unit 126, such as an HDMI port, and a network interface o enable
downloading of additional pattern recognizers and/or communicate with a remote
workstation as shown in Figure 2.

In use, assuming multiple different patiern recognizers are ioaded into the computs
unit, an auiomatic specimen type detector or manual selector swiiches between the
specimen dependent patiern recognition models (e.g. prostate cancer vs breast cancer vs
organ bud detection), and based on that the proper machine learning patiern recognizer or
model is chosen. Movemeni of the slide 10 a new location (e.q., by use of a motor driving
the stage) or swilching to another microscope objective 108 (i.e. magnification) triggers an
update of the enhancement, as explained previously. Optionally, if only the magnification is
changed, an ensemble of different models operating at different magnification levels
performs inference on the specimen and inference results could be combined on the same
position of the shide. Further detalls on how this operation could be performed are
described in the pending PCT application entitled “Method and System for Assisting
Pathologist identification of Tumor Cells in Magnified Tissue Images”, serial no.
PCT/US17/619051, filed February 23, 2017, published as WO 2018/019051, the content of
which is incorporated by reference herein.  Another option is that the compute unit could
know the current magnification from the microscope by means of simple electronic
communication from the microscope to the compute unit. The microscope monitors which
lens is placed by the operator into the optical path and communicates the selection to the
compute unit.

Deep convolutional neural network pattern recognizers, of the type used in the
compute unit of Figures 1 and 2, are widely known in the art of pattern recognition and
machine vision, and therefore g detailed description thereof is omitted for the sake of brevity.
The Google Inception-v3 deep convelutional neural network architecture, upon which the
present patiern recognizers are based, is described in the scientific literature. See the
following references, the content of which is incorporated by reference herein: C. Szegedy et
al., Going Deeper with Cornvolutions, arXiv.1409.4842 [cs.CV] (September 2014); C.
Szegedy et al., Rethinking the Inception Architecture for Computer Vision, arXivi1512.00567
{cs5.CV] (December 2015); see also U.S. palent application of ©. Szegedy et al., "FProcessing
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Images Using Deep Neural Networks”, serial no. 14/839,452 filed August 28, 2015, A fourth
generation, known as inception-v4 is considered an alternative archilecture for the patiern
recognizers 306, See C. Szegedy et al., lnception-v4, Inception-ResNet and the Impact of
Residual Connections on Learning, arKivi1602.0761 [cs.CV] (February 2016). See also U.S,
patent application of C. Vanhoucke, “Image Classification Neural Networks”, serial no.
15/385,530 filed December 30, 2016,  The description of the convolutional neural networks
in these papers and patent applications is incorporated by reference herein.

Additional literature describing deep neural network pattern recognizers include the
following G. Litjens, et al., Deep learmning as a too! for increasing accuracy and efficiency of
histopathological diagnosis, www nature.com/scientificreports 6:26286 (May 2018); B. Wang
et al., Deep Learning for Identifying Metastatic Breast Cancer, arXivi1806.05718v1 {June
2016); A. Madabhushi et al., Image analysis and machine learning in digital pathology:
Challenges and opportunities, Medical image Analysis 33 p 170-175 (2018); A,
Schuambery, et al., H8&E-slained Whole Slide Deep Learning Predicts SPOP Mutation Stafe
in Prostate Cancer, bioRxiv preprint htip:/ bioRxiv.or/content/eariy/2016/07/17/064279.

As noted previously, the LCM transfers the cells of interest onto g suitable medium.
The term “suitable medium” in intended to refer broadly 1o known substrates, containers
and/or and media which are specifically adapted for use in LCM, such as for example the
transfer films described in U.S. patents 8,278,749 and 9,103,757,  As explained in the 749
patent, some embaodiments of laser microdissection employ a polymer transfer film that is
placed on top of the tissue sample. The transfer film may or may not contact the tissue
sampie. This transfer film is typically a thermoplastic manufactured containing organic dyes
that are chosen to selectively absorb in the near infrared region of the spectium overlapping
the emission region of common AlGaAs infrared laser dicdes. When the film is exposed io
the focused laser beam the exposed region is heated by the laser and melis, adhering {o the
tissue in the region that was exposed. The film is then lifted from the tissue and the selected
portion of the tissue is removed with the film. Thermopiastic transfer films such as a 100
micron thick ethyl vinyl acetale (EVA) film available from Electroseal Corporation of Pompton
Lakes, N.J. (lype E540) have been used in LCM applications. The film is chosen due to s
low melting point of about 90° C. As another example, see the description of the caplure
membranes in U.S. patent 8,664,002, As another example, the suitable medium may be a
surface or solution present in a receiving container, as described in U.S. patent 9,664,599,
and caiching devices, micropipettes, and other apparatus may be used in transferring the
celis and placing them in a receiving container or on a film or substrate.  Another example of

a suitable medium is a reaction vial, described in U.8. patents 7,815,016 and 5,898,126.
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Vihile presently preferred embodiments have been described in detail, it will be
appreciated by those skilled in the art that variation from the specifics of such embodiments
can be made without departure from the scope of this disclosure. All questions concerning

scope are {0 be determined by reference {o the appended claims.
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Claims

We claim:

1. An augmented reality laser caplure micredissection machine for capturing celis of
interest from a sample, comprising, in combination;

&) a microscope having an eyepiece and a camera configured to capture images of
the field of view of the microscope as seen through the eyepiece;

b} an augmented reality subsystem configured {0 receive the images from the
camera, the subsystem including a machine learning model stored on a machine readable
medium identifying cells of potential interest in the images and a optics module projecting
into the view of the microscope as seen through the eyepiece an outline of cells of potential
interest identified by the machine learing model;

¢} a laser capture and microdissection subsystem configured for excising the cells of
interest from the sample with one or more lasers and placing such cells of interest on a
suitable medium; and

d) an operator-activated inpul mechanism configured to provide input to the laser
capture and microdissection subsystem whereby operator activation of the input mechanism
while viewing the specimen and the outline of celis identified by the machine leaning model
at the eyepiece invokes the laser capture and microdissection subsystem so as 1o excise the

celis of interest from the sample within the outline and place them on the medium.

2. The machine of claim 1, wherein the operalor-activated mechanism is
configured so as io permit the operalor to aclivate the mechanism while viewing the

specimen though the eyepiece.

3. The machine of claim 2, wherein the mechanism is activated by a voice
command.

4. The machine of claim 2, wherein the mechanism is activated by a foot switch.

5. The machine of claim 2, wherein the mechanism is activated by a mouse or

keyboard stroke.

8. The machine of claim 1, wherein the machine learning model comprises a

deep convolutional neural network.
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7. The machine of claim 1, wherein the augmented reaglity subsystem includes g

multitude of machine leaming models for different tissue types and magnification levels,

8. A method of capluring celis of interest from a sample with the aid of a
microscope having an eyepiece, comprising the steps of

&) projecting an augmented reality image into the field of view of the microscope as
seen through the eyepiece, the augmented reality image identifying cells of potential interast
for laser capture microdissection; and

b} invoking a laser caplure and microdissection subsystem coupled to the
microscope so as 1o excise the celis of potential interest, as presented in the augmented

reality image, from the sample in response to an operator instruction.

9. The method of claim 8, wherein the augmented reality image comprises a

border surrounding cells of potential interest.

10, The method of claim 8, wherein the operator instruction comprises a voice

command.

11. The method of claim 8, wherein the operator instruction comprises activation

of & foot switch.

12. The method of claim 8, wherein the operator instructions comprises a mouse

click or keyboard stroke.

13. The method of any of claims 8-12, wherein the method comprises the step of
repeating steps a) and b) as an operator of the microscope changes magnification or

performs zoom operations while viewing the sample with the microscope.
14, The method of claim 8, wherein step b) wherein the operator instruction is

received while the operator of the microscope is viewing the specimen through the eyepiece

of the microscope.
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15. in a machine including a microscope having an eyepiece and a laser capture
and microdissection subsystem configured to excise celis of interest from a sample and
place therm on a suitable medium, the improvement comprising:

providing said machine with an gugmented reality subsystem comprising:

5 a) a camera for capturing images of the field of view of the microscope;

i} a machine learmning model for identifying cells of potential interest within the
images, and

¢} an AR image generation unit and an optics module for overlaying an enhancement
onto the field of view as seen through the eyepiece in the form of an outline of polential celis

10 of interest for LCM; and

dy an operator activated input mechanism {e.g., switch) for invoking the faser capiure

and microdissection subsystem (o excise the potential cells of interest in accordance with the

enhancemesnt from the sample and place the celis of interest in a suilable medium.

15
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