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DESCRIPTION

Description

BACKGROUND

[0001] An automated system of processing biological specimens.

Background

[0002] In various settings, examination of biological specimens is required for diagnostic
purposes. Generally speaking, pathologists and other diagnosticians collect and study samples
from patients, and utilize microscopic examination, and other devices to assess the samples at
cellular levels. Numerous steps typically are involved in pathology and other diagnostic
process, including the collection of biological samples such as blood and tissue, processing the
samples, preparation of microscope slides, staining, examination, re-testing or re-staining,
collecting additional samples, re-examination of the samples, and ultimately the offering of
diagnostic findings. Numerous medical or veterinary personnel may be involved in the
diagnostic processes, including surgeons, phlebotomists or other operating personnel
collecting samples, pathologist, histologists and other personnel processing, transporting and
examining the samples and so on. The complexity of the tissue handling procedures from the
operating room to the laboratory and back to the diagnosticians or surgeons have become
increasingly complex in large medical environments where high volumes of samples need to
be handled, processed and examined on a daily basis.

[0003] Various steps of the tissue handling procedures have been automated using
instruments each of which typically are controlled by a dedicated computer or an on-board
computerized controller. In some laboratories, information can be shared between automated
instruments and/or a networked laboratory or hospital information system, such as to store
patient or tracking data. One example of an automated instrument is an automated tissue
processing system in which biological samples are fixed and infiltrated with paraffin in an

automated fashion. Exemplary tissue processing systems are the TISSUE-TEK® VIP® and the

TISSUE-TEK® XPRESS® processing systems available from Sakura Finetek U.S.A., Inc. of
Torrance, California.
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[0004] Another example of automation is an automated slide stainer and coverslipper, which
stains microscope slides and applies coverslips to the slides in an automated fashion.

Examples of such automated staining and coverslipping systems are TISSUE-TEK® PRISMA®
and TISSUE-TEK® FILM® combo system and TISSUE-TEK® PRISMA® and TISSUE-TEK®

Glas™g2 combo system available from Sakura Finetek U.S.A., Inc. of Torrance, California.

[0005] Despite the assistance of automated instruments, pathologists, other diagnosticians
and laboratory personnel typically must be involved in numerous steps during the processing
and examination of biological specimens. For example, once a specimen has been stained, the
stained specimen on a microscope slide may be physically examined under a microscope. This
typically involves transport of the microscope slide to a diagnostician who is located outside the
laboratory, or in other cases may involve a diagnostician going to the laboratory to examine the
microscope slide. Alternatively, the stained specimen on a microscope slide is imaged with a
digital scanner and the image of the specimen is uploaded for examination by a diagnostician.

[0006] Following this initial examination step, the diagnostician generally evaluates whether
additional testing is required. Such additional testing might involve collecting further specimens
(samples) from a patient, or further examination of specimens already collected. For example,
the diagnostician may retrieve the physical slide containing the specimen subject to the initial
examination and examines the specimens using a traditional microscope. The diagnostician
may also require that the existing specimen be sectioned further and a different staining
regimen or other protocol be applied. This can result in iterations of one or more of collection,
grossing, processing, infiltration, embedding, sectioning, coverslipping, staining, examination
etc. In addition, different coverslipped slides may require different drying times. Accordingly,
some slides may be ready for examination while others are not. All of this can result in time
delays, as well as tissue impairment. Following the iterations of additional tests and
procedures, the pathologist repeats the examination process, and may then request still further
tests in an iterative fashion until an ultimate finding is reached.

[0007] US 2014/273086 A1 discloses an apparatus and method for transporting a slide
between a stainer module, a coverslipper module, an imaging module and a storage module
using an automated transport module to allow a series of automated operations of tissue
processing, imaging and tissue storage.

[0008] US 2015/177504 A1 discloses a slide carrier operable to contain multiple slides, such
as multiple slide of a patient case, for viewing in a microscope. The slide carrier includes a
carrier body with a plurality of slides receptacles circumferentially spaced about a longitudinal
axis. The carrier body may be rotated about the longitudinal axis to align a slide therein with an
image sensor of the microscope for viewing. The described microscope may include multiple
cameras including a label camera to read a label, an overview camera to provide a low
resolution image of a specimen on a slide and a specimen camera to provide a magnification
view of the specimen.
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[0009] "VisionTek Live Digital Microscope | Sakura Finetek Europe BV" by Anonymous,
https://www.omnia-health.com/product/visiontek-live-digital-microscope) discloses the

VISIONTEK® digital microscope, commercially available from Sakura Finetek USA, Inc.

[0010] The VISIONTEK® incorporates a multiple camera, brightfield optical system configured
to view multiple slides simultaneously or view multiple areas of the same slide at different
magnifications (e.g., 2.5x, 5x, 10x, 20x, 40x, 63x) in a live mode.

[0011] “Sakura” by Sakura, https://video.medicalexpo.com/video_me/videos/video-44900.mp4

shows a video presenting features of the VISIONTEK® digital microscope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The embodiments of the invention are illustrated by way of example and not by way of
limitation in the figures of the accompanying drawings in which like references indicate similar
elements. It should be noted that references to "an" or "one" embodiment in this disclosure are
not necessarily to the same embodiment, and such references mean at least one.

FIG. 1 is a flow chart of one embodiment of a method for automatically processing biological
specimens.

FIG. 2 illustrates one embodiment of an automated system for processing biological
specimens.

FIG. 3 illustrates one embodiment of an automated system for processing biological
specimens.

FIG. 4 illustrates a top view of one embodiment of an automated system for processing
biological specimens.

FIG. 5 illustrates a side view of the automated system of FIG. 4 through line 5-5'.
FIG. 6 illustrates a side view of the automated system of FIG. 4 through line 6-6'.

FIG. 7 illustrates a top view of the automated system of FIG. 4 showing a slide placed in an
imager.

FIG. 8 illustrates a side view of the automated system of FIG. 4 through line 8-8'.

FIG. 9 shows a perspective view of an embodiment of a storage module of the automated
system of FIG. 4.

DETAILED DESCRIPTION
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[0013] In overview, a system (apparatus) and process for performing a series of automated
operations including tissue processing, imaging and tissue storage is disclosed. FIG. 1 shows a
flow chart of one embodiment of a process implemented by a system (i.e., machine-readable,
non-transitory program instructions implemented in a processor connected to process control
modules). Referring to FIG. 1, process 100 includes obtaining at a material handling system a
biological sample that has been mounted on a slide (block 102). The biological sample is
conveyed to a material handling system, for example, by manual transport, a cart or
automated transport. In a hospital embodiment, the specimen may be delivered to a medical
laboratory, whether on-site or at a remote location.

[0014] At the material handling system, the slide mounted specimen may be processed via
automated operations into a condition suitable for a desired examination. In one embodiment,
processing includes staining the biological sample and applying a cover slip to the slide (block
104). Staining of the specimen may be optional. The slide having the specimen thereon is then
transferred to a transport module (block 106). In some embodiments, the slide is transferred to
the transport module using a robotic transferring device as will be discussed in more detail with
reference to FIGS. 4-9.

[0015] Process 100 also includes determining whether the slide is ready for imaging (block
108). Such a determination may be based on, for example, the drying time of the slide. For
example, different methods of coverslipping exist and each one requires different drying times.
Representatively, a glass cover slip may require about a day to dry while a film cover slip may
dry in about an hour. In this aspect, coverslipped slides that are not ready (e.g., not dry) for
further processing (e.g., imaging) are transported to a storage module to give them additional
time to dry (block 112). Slides that are dry are determined to be ready for imaging.

[0016] Process 100 further includes determining whether a first imager is available for imaging
(block 110). In one embodiment, a first imager is an imager operable to capture an image of an
entire area of a specimen on a slide in a single specimen plane. One such imager is a slide
scanner that provides high speed brightfield slide scanning. Imaging of a specimen on a slide
typically takes longer than the amount of time it takes to stain, coverslip and dry the slide,
because imaging must be done on individual slides (i.e., one at a time) while staining and
coverslipping operations may be done on a number of slides at the same time (e.g., staining a
batch of slides). For example, a first imager that is a slide scanner can perform a 20x scan of a
15x15 mm tissue in about two to three minutes. Higher resolution can double that time. This
equates to an imager throughput of from about 10-24 slides per hour. In contrast, up to about
500 slides per hour may be processed through a coverslipper and/or stainer. As a result, the
imager is often times not ready to image each of the slides as they exit the coverslipper and/or
stainer. If the imager is not available, the slides are transported from the coverslipper to a
storage module for storing until a first imager is available (block 112).

[0017] Once a first imager is available, the slide is transported to the first imager for imaging
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(block 114). At the first imager, a digital image of the specimen is captured and stored in a
computer memory (block 115). In one embodiment, the first imager is a slide scanner that is
operable to scan an image of a specimen on a slide and capture and store the scanned image
in a computer memory. In one embodiment, process 100 directs the first imager to scan an
image of a specimen in a single plane (a single z-direction plane) at a selected magnification
(e.g., 2.5x, 5x, 10x, 20x, 40x, 63x). In another embodiment, process 100 directs the first
imager to scan an image of a specimen in a single plane at multiple magnifications (e.g., a first
magnification of 20x and a second magnification of 40x).

[0018] Following the capturing of an image or images of a specimen on the slide by the first
imager, the slide may be transported to the storage module (block 116) or to a second imager.
In one embodiment, where specimens on a number of slides are processed together and
images captured, examination of any one specimen image may take place at a time after the
image has been captured. Until such examination, the slide is sent to the storage module.

[0019] After an image or images of a specimen, or group of specimens, is captured by the first
imager and stored, the image(s) may be examined and the data may be made available to a
diagnostician and/or an optional interpretation module which automatically interprets the data
(block 117). As used herein, "diagnostician” refers to any person who may wish to view image
data, such as pathologists, surgeons, nurses, researchers, technicians and administrators.

[0020] The image data is made available for access by a diagnostician if desired, and
optionally the diagnostician is notified by electronic notification, such as by an e-mail, computer
screen pop-up announcement, banner announcement, pager message or automated phone
call. In other embodiments, the image data may also be accessed, or otherwise made
available, to an optional interpretation module. In the case of the optional interpretation
module, the interpretation module may conduct digital processing, such as by using pattern
recognition technology in order to develop a preliminary diagnosis, and generate instructions
or recommendations for additional processing if necessary.

[0021] In an embodiment, where specimens on a number of slides are processed and an
image of each specimen is captured for examination, such examination of the images captured
by the first imager may reveal that one or more of the specimens do not present an indication
for more detailed analysis that may include, for example, further imaging (e.g., further image
capture). As noted above, image capture of a portion of a specimen on a slide (an entire area
portion of a specimen or less than an entire area portion) consumes a significant amount of
time relative to other tissue processing steps. In one embodiment, the method enhances a
processing and analysis time of multiple slides by separating out slides with specimens that do
not show an indication of requiring additional processing from those that do show such an
indication. Representatively, by capturing an image (e.g., a scan of an image in a single plane),
and analyzing (examining) only that image for diagnosis minimizes the analysis time relative to,
for example, capturing multiple images (e.g., images taken at different focal distances or in
different planes of a specimen).
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[0022] For those slides with specimens that show an indication for additional processing, the
additional processing may include collecting additional biological samples, or performing
further processing on samples already collected such as running additional or different test
procedures or staining protocols. According to one embodiment, the additional processing
includes additional imaging of a specimen. In this embodiment, process 100 is notified of a
slide(s) containing specimens that are to receive additional processing by, for example, a
signal from the interpretation module or by a diagnostician that has reviewed the slide(s) or
queries the interpretation module or diagnostician regarding whether additional imaging is to
be performed (block 118).

[0023] If additional imaging of a specimen on a slide is indicated or requested, process 100
queries whether a second imager is available (block 120). If a second imager is not available,
the process maintains the slide containing the specimen in the storage module if the slide is
present therein or directs the transport of the slide to the storage module (block 121). If a
second imager is available, the process transports the slide to the available second imager
(block 122). At the second imager, the process directs the obtaining of an additional image(s)
(block 123). In one embodiment, process 100 directs multiple images of a portion of the
specimen to be taken at different focal distances to provide a z-stack of the portion of the
specimen or a composite image of the portion of the specimens with a greater depth of field
(i.e., a thickness of the plane of focus) than an individual scan of a single plane. In another
embodiment, additional images alternatively or additionally include higher magnification or
higher resolution images than an image captured by the first imager.

[0024] In one embodiment, the second imagers is a digital microscope such as VISIONTEK®

digital microscope, commercially available from Sakura Finetek USA, Inc. VISIONTEK®
incorporates a multiple camera, brightfield optical system configured to view multiple slides
simultaneously or view multiple areas of the same slide at different magnifications (e.g., 2.5x,
5x, 10x, 20x, 40x, 63x).

[0025] In one embodiment, the second imager captures multiple images of a portion of a
sample and stores such images in a computer memory for review and analysis by the system
or a diagnostician. In one embodiment, once the images are stored, the system or
diagnostician is notified and the system or diagnostician can review the stored images. In
another embodiment, a diagnostician may be notified when a slide is present in the second

imager before images are stored. Where the second imager is a VISIONTEK®, the microscope
offers a "live" view mode to allow a diagnostician to review a portion of a specimen without
storing (saving) the image. Thus, the diagnostician may view a portion of the image at different
focal distances, different resolutions (e.g., zoom in/out) and/or different magnifications without

saving an image using the VISIONTEK® to analyze a specimen.

[0026] Currently, the VISIONTEK® permits the viewing of up to four slides simultaneously. In
certain instances, it may be desirable to view or make available for viewing more than four
slides. For example, in certain instances, more than four slides may be available for a certain
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patient case (e.g., seven slides, nine slides, 12 slides, etc.) and a diagnostician (e.g., a
pathologist) may want to view all of the slides together. In one embodiment, a system includes

multiple digital microscopes. Where each of the multiple digital microscopes is a VISIONTEK®,
each microscope can accommodate four slides at one time so a diagnostician can view
(examine) slide multiples of four together. In another embodiment, where a microscope is
capable of loading and possibly viewing more than four slides simultaneously, for example, 12
slides (see, e.g., U.S. Patent Application No. 14/138,740, titled "Microscope with Slide Clamp
Assembly,”" filed December 23, 2013), the seven slides, nine slides, or even 12 slides of a
patient case can be loaded and viewed together on a single digital microscope.

[0027] Examination, imaging and interpretation of a specimen may be continued until the
system or diagnostician deems it to be complete. These repeated tests and examinations are
referred to herein as iterative processing, testing or examination. In another aspect of the
invention, the diagnostician may access reports that are based on the comparison data
created by the interpretation module. In a further aspect of the invention, the diagnostician may
order or conduct further iterative processing, testing or examination.

[0028] FIGS. 2-9 illustrate examples of automated systems for processing biological
specimens. In these figures, information pathways are illustrated with solid lines and/or arrows
and material pathways are illustrated with double lines and outlined arrows. As used herein,
"material" refers to any biological material including histological and cytological specimens that
may be examined in a medical, autopsy, veterinary or research laboratory procedure. The
biological material may include tissue samples or specimens, and/or biological fluids such as
blood, plasma, etc. Where the illustrated examples are described in relation to tissue, the
described systems and methods are not so limited. As used herein the biological material will
be referred to interchangeably as a specimen, sample or material. In addition, references
relating to processing of a "slide" herein refer to a slide having the biological material thereon.

[0029] In the illustrated examples, the material pathways represent examples of transport
paths that may be traveled by a physical sample in a laboratory or hospital. A typical
progression of the material from one station or system component to the next is depicted by
the direction of the arrow. However, it should be understood that the processing stations are
provided as examples, as are the directions of material flow. It shall be appreciated that more,
fewer or other processing stations may be used in practice of the present invention, and/or
more, fewer or other material paths and directions may be used. In addition, the stations may
be in any order and any orientation (e.g. vertically stacked or side by side).

[0030] Any form of transport may be used that is sufficient to automatically transport the
material as indicated by the material pathways. For example, material may be transported by a
robotic device from one station to the next as will be discussed in more detail in reference to
FIGS. 4-7. The term robot or robotic is to be interpreted broadly as a conveyance, transfer
device, electromechanical transfer device or mechanism, or automatically controlled,
reprogrammable, multipurpose manipulator programmable in three, four, or more axes. The
robotic device may take various forms or configurations, consistent with its intended purpose.
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The robotic device may be programmed with an application program, program routine, or other
set of instructions. The program or set of instructions may specify one or more operations the
robotic device is to autonomously or at least semi-autonomously perform. Representatively, the
program or set of instructions may specify the movements (e.g., coordinates, distances,
directions, etc.), timing or triggers, and like information associated with the operations. In some
embodiments, the material may also, or alternatively, be hand carried from one station to the
next. Additionally, one machine may perform multiple steps with no physical movement of the
material from one station to another being required.

[0031] In the embodiment of FIG. 2, a sample is received at laboratory receiving. The sender
may have been a surgeon or other hospital technician that collected the sample from a patient
in a hospital or outpatient facility. In one embodiment, the sender entered information about the
sample into a database, such as a database associated with a hospital information system 270
and/or laboratory information system 280. Representative information that is entered into the
database includes information about the source of the sample, patient information, the
processing desired or required, and an identifier (e.g., a bar code number or radio frequency
identification (RPID) tag) of an associated sample container. In another embodiment, the
sender entered information about the sample on a container that contains the sample.
Representatively, the sender may write on a label patient information and the processing
desired or required for the sample and then place the label on the container.

[0032] At laboratory receiving, information about the sample may be read, such as by a bar
code reader reading a bar code associated with an associated sample container. The bar code
reader or a processor associated with the bar code reader, in one embodiment, is linked or
can be linked to the database containing information about the sample, such as a database
associated with a hospital information system 270 and/or laboratory information system 280. In
one embodiment, the database finds the record of the shipment and displays a list of the
expected contents. In an embodiment where information about the sample is printed on a
label, a technician receiving the sample at laboratory receiving may enter the information into a
database that, in one embodiment, is linked to hospital information system 270 or laboratory
information system 280. In one embodiment, a sample identifier such as a bar code may be
added to the container containing the samples.

[0033] Following receipt and acknowledgement of the shipment of the sample, the sample may
be presented to grossing module 201. At grossing module 201, in one embodiment, any
sample identifier (e.g., barcode) is shown to a reader and the reader or a processor associated
with the reader is linked to or can be linked to the database containing information about the
sample. A screen associated with the reader or processor displays a list of how the sample is
to be prepared for the requested test(s). In another embodiment, rather than being linked to a
database, paper documentation may be included with the sample indicating the requested
test(s). The sample may be divided into the needed number of vials or cassettes, as the case
may be. For non-fluid specimens such as tissue, processing may be include treatment with a
series of reagents followed by infiltration with paraffin. In one embodiment, any division or
preparation of the sample may be directed by the sender or a protocol, such as a protocol
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associated with hospital information system 270 or laboratory information system 280. In
another embodiment, the technician at grossing module 201 makes a determination of any
division or preparation of the sample based on his/her experience. Any vials or cassettes into
which the sample or a portion of the sample is placed may be individually labeled with an
identifier (e.g., a barcode), and the identifier and its association with a vial or cassette may be
uploaded into the database.

[0034] From grossing module 201, the sample(s) are transferred to microtome module 205. At
microtome module 205, the process of showing an identifier (e.g., a bar code) to a reader may
be repeated. In one embodiment, the reader or a processor associated with the reader is
linked to the database containing information about the sample. A screen associated with the
reader or processor displays a list of instructions of how the sample is to be prepared for the
requested test(s). In another embodiment, rather than being linked to a database, paper
documentation may be included with the sample indicating the requested test(s). The sample
may be embedded in paraffin and sectioned into a number of sections each placed on a slide
for further processing. In one embodiment, any division or preparation of the sample may be
directed by the sender or a protocol, such as a protocol associated with hospital information
system 270 or laboratory information system 280. In another embodiment, the technician at
microtome module 205 makes a determination of any sections of the sample based on his/her
experience.

[0035] Specimen sections created in the microtome station are individually positioned on a
microscope slide. A specimen mounted on a microscope slide is transported to staining module
210. Slides requiring deparaffinization may be placed in an oven prior to staining, or placed
directly in the stainer if the stainer is equipped with a built-in oven or can perform a chemical
deparrafinization step.

[0036] Any staining or other test protocol may be performed by the staining module 210 as
desired. In one embodiment, an automated stainer is used. In an example, staining with
hematoxylin and eosin ("H & E") is performed in staining module 210. Other staining methods
such as special stains (SS), immunohistochemistry (IHC), and in situ hybridization (ISH) or
fluorescent in situ hybridization (FISH) can also be performed.

[0037] In one embodiment, following staining, the samples may be transported along material
path 217 to coverslipper module 220 to be coverslipped.

[0038] After staining and/or coverslipping, the slide may proceed to first imager module 230 or
storage module 202. In some embodiments, where it is desirable for imaging of the slide to be
delayed, the slide is transported to storage module 202 for storage until imaging is desired.
Representatively, different methods of coverslipping exist and each one requires different
drying times. Coverslipped slides that are not ready (e.g. not dry) for further processing are
transported to storage module 202 along material path 203. Once the slides are ready, they
may then be transported along material path 205 to first imager module 230. In this aspect, the
differences in drying times from slide to slide are automatically resolved by the automated
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system.

[0039] In some embodiments, the laboratory can select delay criteria based on the
coverslipping technique used and the type of sample (histology v. cytology, monolayer slides v.
smears, etc.). For example, the laboratory may determine, based on the coverslipping
technique to be used and the type of sample on the slide, that the slide should be stored for a
period of time prior to imaging. This information may be contained in an identifier associated
with the slide. The automated system may read the identifier and follow the assigned
processing protocol. In this aspect, after coverslipping, the slide is transported to storage
module 202 and stored for the predetermined period of time. After such time, the system may
alert the transport module to retrieve the slide from storage module 202 and transport the slide
to first imager module 230 for imaging. In one embodiment, first imager module 230 includes
one or more imagers, each imager operable to or configured to capture an image of an entire
area of a specimen on a slide in a single plane. A selection of the plane or z-section of the
sample may be made by directed by protocol associated with hospital information system 270
or laboratory information system 280. An identifier associated with the slide may be read a first
imager module 230 and be linked to the protocol. In another embodiment, a selection of the
plane of the sample to image may be determined by a diagnostician responsible for analyzing
the slide. In one embodiment, an imager at first imager module 230 is a slide scanner that is
operable to capture an image of the specimen and store that image in memory or direct the
image to a memory unit or module associated with the system.

[0040] In addition to drying times, the availability of an imager at first imager module 230 may
further delay imaging. In particular, imaging of a specimen on a slide typically takes longer than
the amount of time it takes to stain, coverslip and dry the slide. As a result, an imager at first
imager module 230, in certain instances, cannot be ready to image each of the slides as they
exit the stainer/coverslipper modules. The identifier associated with the slide may store
information regarding the desired imaging protocol for the slide. Upon reading the identifier,
the system schedules imaging of the slide with an imager at the first imager module 230
capable of imaging according to a requested protocol. If the desired imager is not available
when the slide is otherwise ready for imaging, the slide is transported from staining module
210 and/or coverslipper module 227 along material path 203 to storage module 202 for storing
until an imager at first imager module 230 is available.

[0041] It is further contemplated that after a specimen is imaged by first imager module 230,
the specimen slide may be transported along material path 205 to storage module 202. The
slide may be stored in storage module 202 for future testing and/or examination.

[0042] Once the specimen is ready for imaging, at least one image of the material specimen is
obtained by first imager module 230. In one embodiment, an imaging protocol for each slide
which is to be followed dictates one image (e.g., one scan) of a portion (e.g., an entire xy area)
of a specimen on a slide in a single z plane). In another embodiment, the imaging protocol for
each slide which is to be followed by an imager at first imager module 230 may be flexible and
can be defined at any time by, for example, the diagnostician (e.g., pathologist). For example,
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a diagnostician may examine an image and determine that additional images of the slide are
necessary. Representatively, the diagnostician may determine that images at a different
magnification are necessary or that an imager should focus deeper into a tissue area (a
different z plane). According to the automated system disclosed herein, the pathologist may
instruct the system to obtain further images.

[0043] First imager module 230 may include one or more imagers. First imager module 230
can be any system that generates images that can be interpreted manually interpreted or,
optionally, automatically interpreted by interpretation module 290. In one embodiment, first
imager module 230 includes a scanner capable of recording digital images of the microscope's
view field. For example an optical charge coupled device (CCD) based camera can be used to
generate the digital image data. The digital image data can be stored in any fashion that
provides for access to the data as required by interpretation module 290, diagnostician
workstation 243 and/or technician workstation 250 and/or as desired by anyone needing
access to the image data, such as diagnosticians or laboratory personnel. Examples of suitable
data storage are local storage devices associated with first imager module 230 (such as hard
drive, removable memory, flash memory, optical memory such as CD or DVD etc.), and/or
networked memory such as diagrammatically illustrated by data storage 260. It should be
noted that any form of information may be generated by first imager module 230, in addition to
the image data. For example, first imager module 230 may optionally associate other types of
data, such as a log of patient information associated with the image data and as discussed
further herein. Alternatively, another processing system may associate the image data with
other data.

[0044] In one embodiment, the type of information generated is intended to be sufficient for a
diagnostician (e.g., a pathologist) or interpretation module 290 to perform interpretation
processing and generate a desired report. Interpretation module 290 may take any desired
form, such as for example, a dedicated computing system, or alternatively it may be a module
running on a computing system used for multiple purposes. In additional examples, it may be
freestanding, a part of first imager module 230, part of hospital information system 270, part of
laboratory information system 280, or it may be in any location where data may be received
from first imager module 230. Although the figure depicts a single interpretation module 290, it
should be understood that plural interpretation modules 290 also may be used. In further
examples, diagnostician workstations 243 may include interpretation modules 290 or
interpretation module clients that enable the diagnostician to locally conduct an interpretation
based on the data available including, without limitation, image data from first imager module
230.

[0045] In the embodiment of FIG. 2, interpretation module(s) 290 is in communication via
communications infrastructure 200. Interpretation module 290 may access data as desired,
whether directly from first imager module 230, via data storage facility 260, or via local data
storage. Interpretation module uses the image data and other data to perform an analysis and
a recommendation. In an embodiment, the analysis includes a pattern recognition analysis in a
pattern recognition system of interpretation module 290 (e.g., a computer- or machine-
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automated analysis). In one form of pattern recognition, image data from first imager module
230 is compared to a database of known patterns. If a sufficient level of correspondence is
found, a matching pattern is located upon which a recommendation, diagnosis or further
processing instruction can be made. The pattern database can be a part of interpretation
module 290, or located externally, such as for example in data storage 260 or laboratory
information system 280. Following imaging by an imager at first imager module 230,
interpretation module 290 may be configured to determine if the imaged specimen should go
to storage module 202, or interpretation module 290 may be configured to determine whether
the particular specimen needs to undergo additional processing, such as that it should go to a
diagnostician or other personnel for further inspection or additional image capture, in which
case the slide containing the specimen proceeds along material pathway 237 to second imager
module 240.

[0046] In another embodiment, rather than a computer- or machine-automated analysis of a
specimen image on a slide, a diagnostician analyzes the specimen image(s) provided by first
imager module 230 and makes a determination whether the specimen needs to or should
undergo additional processing. If the diagnostician does not believe additional processing is
necessary, the slide containing the specimen may remain in storage module 202, if there, or is
directed to storage module 202. If the diagnostician believes additional processing is
necessary, the slide containing the specimen may be sent to second imager module 240.

[0047] If additional imaging of a specimen on a slide is indicated or requested either through
interpretation module 290 or a diagnostician, the slide containing the specimen is sent to
second imager module 240. Second imager module 240 includes one or more microscopes. In

one embodiment, the second imagers is a digital microscope such as VISIONTEK® digital

microscope, commercially available from Sakura Finetek U.S.A., Inc. VISIONTEK®
incorporates a multiple camera, brightfield optical system configured to view multiple slides
simultaneously or view multiple areas of the same slide at different magnifications (e.g., 2.5x,
10x, 20x, 40x). In one embodiment, a second imager at second imager module 240 in
operable or configured to automatically capture (obtain) additional image(s) of the specimen
on the slide. In one embodiment, a second imager is operable or configured to automatically
capture multiple images of a portion of the specimen are taken at different focal distances to
provide a z-stack of the portion of the specimen or a composite image of the portion of the
specimens with a greater depth of field (i.e., a thickness of the plane of focus) than an
individual scan of a single plane. In another embodiment, a second imager is operable or
configured to alternatively or additionally automatically capture higher magnification or higher
resolution images than an image captured by the first imager.

[0048] In one embodiment, the second imager captures multiple images of a portion of a
specimen and stores such images in a computer memory for review and analysis by the
system or a diagnostician. In one embodiment, once the images are stored, the system or
diagnostician is notified and the system or diagnostician can review the stored images. In
another embodiment, a diagnostician may be notified when a slide is present in the second
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imager before images are stored. Where the second imager is a VISIONTEK®, the microscope
offers a "live" view mode to allow a diagnostician to review a portion of a specimen without
storing (saving) the image. The diagnostician may view a portion of the image at different focal
distances, different resolutions (e.g., zoom in/out) and/or different magnifications without

saving an image using the VISIONTEK® to analyze a specimen. In one embodiment, as an
alternative to storing additional images or in addition to storing additional images, where a
diagnostician is available at second imager module 240 at the time the slide containing the
specimen is present, the diagnostician may examine the slide and decide images to be
captured and stored (saved).

[0049] In certain instances, it may be desirable to view or make available for viewing more one
slide at a time. In one embodiment, second imager module 240 includes an imager than can
contain more than one slide so that specimens on different slides can be displayed

simultaneously. Currently, the VISIONTEK® permits the viewing of up to four slides
simultaneously. In another embodiment, second imager module 240 can include more than
one imager, including more than one imager than can contain more than one slide. For
example, in certain instances, more than four slides may be available for a certain patient case
(e.g., seven slides, nine slides, 12 slides, etc.) and a diagnostician (e.g., a pathologist) may
want to view all of the slides together. In one embodiment, a system includes multiple digital

microscopes. Where each of the multiple digital microscopes is a VISIONTEK®, each
microscope can accommodate four slides at one time so a diagnostician can view (examine)
slide multiples of four together.

[0050] In one embodiment, a diagnostician makes an analysis of a specimen based on images
captured at second imager module 240. Once images are captured and stored at second
imager module 240, the slide containing the specimen may be sent to storage module 202.

[0051] In one embodiment, interpretation module 290 is configured or operable to determine if
further processing of a sample represented by the imaged specimen is required. In such case,
a new specimen of the sample is necessary for interpretation. In one embodiment, additional
section(s) (specimens) of the same same may have been placed on slide(s) and those slide(s)
sent to storage module 202 with a label that links the slide(s) to the imaged sample. In this
embodiment, the slide(s) are not stained or coverslipped, and are kept aside. These slides
could be identified as being extra sections that should not be stained and kept in the storage
area until called back for staining and coverslipping. For example, these extra slide(s) may
have the same identification information as the original or primary, perhaps with an additional
indicator (e.g., an additional letter or number) to indicate the slide(s) are extra slide(s). If they
are not needed, these slides can be discarded after, for example, a user-defined period of time
has elapsed or the case has been completed and signed off. Extra sections are cut and extra
slides prepared and stained only when there is a requirement for more staining protocols. In an
automated handling system that also includes handling of tissue blocks, the request for more
staining would be transferred to microtomy module 205. In one embodiment, a tissue block,
including a formalin-fixed tissue section in a paraffin block from which another tissue section
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may have been taken and placed on a slide, includes an identification tag such as a bar code
or RFID tag. In response to a signal from a controller, the tissue block is retrieved and
transported automatically from a storage module (e.g., storage module 202) to microtomy
module 205. The tissue block is stored and may be retrieved by the identification tag. The
tissue block would be forwarded to the microtomy area for more sections to be taken.

[0052] Representatively, once a new sample is placed on a slide, the new sample proceeds to
stainer module 210 where it may undergo operations such as special staining,
immunohistochemistry ("IHC"), in situ hybridization ("ISH"), multiplexing or other staining or
testing procedures. Subsequently, the new sample may proceed along the material path, for
example, back to first imager module 230 or directly to second imager module 240. Ultimately
it is desired that a tested and imaged specimen be stored as indicated by storage module 202.
In this example, after inspection by a diagnostician or other person, the original specimen may
be designated for storage, such as in storage module 202 and the new specimen from the
same tissue section designated and further processed. The new specimen may be processed
and inspected and sent to storage. The original specimen and the new specimen are linked by
an identification tag. Later, either or both the original and the new specimen can optionally be
retrieved from the storage module 202, if desired.

[0053] The workstations, such as diagnostician workstations 243 or other workstations, such
as technician workstations 250 can have any desired structure, including computing systems
serving as controllers in communication via communications infrastructure 200 with other
processing stations or components of the system. The workstations may optionally also include
other components that might be useful in a work area, such as material storage units, furniture,
phones etc. In an embodiment, the workstations 243, 250 provide access to information
concerning the processing of biological samples, and the results of the processing, including
image data from the first imager module 230 and interpretation data or reports from the
interpretation module 290. Technician workstation 250 may be in communication with data
storage 260 via path 257. In another embodiment, a system may not include workstations such
as diagnostician workstations 243 and/or technician workstations 250.

[0054] As the material proceeds along the material pathways and through the processing
systems, information may be shared between the numerous devices using various information
pathways that form communications infrastructure 200. It should be noted that communications
infrastructure 200 may be any form of communication system enabling communications
between and amongst individuals, computer systems and/or automated processing systems.
Representatively, the communications infrastructure may be a computer network that is wired,
wireless or a combination of wired and wireless. For example, information access points may
be wired into the network and/or joined to the network via a wireless portal. Although the
illustrated example shows a networked system in which communications are performed via a
network, direct communications also may be conducted. For example in one embodiment,
staining module 210 may have a direct communications link with coverslipper module 220 and
may access the communications network via a node in coverslipper module 220,or
alternatively it may have a direct network link. It should be understood that any suitable
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communications pathway structure is envisioned which would enable suitable sharing of
information between and amongst various stations. Likewise, it should be understood that, in
other embodiments, not all of the stations may have a direct communications path.
Furthermore, it should be understood that the communication pathways can take any form,
such as digital, analog, wired, wireless, paper, oral, telephonic, etc.

[0055] In one embodiment, a laboratory network may be provided as the portion of the
communications infrastructure 200 between and amongst the laboratory instruments or
modules, depicted with reference numbers 210, 220, 230, 240, 202 and also laboratory
information system 280 and other workstations 243 and 250 (which might include a computer
system such as for example one or more personal computers and/or computer servers). The
laboratory network may be networked with a hospital network that is also a part of
communications infrastructure 200. In such an embodiment, other devices may have access to
the information available on laboratory information system 280 or other laboratory devices via
the communications infrastructure 200. Such other devices include for example, diagnostician
or administrator workstations 243, hospital information system 270, and in some embodiments
interpretation module 290 as well. It should be understood that the flexibility of the information
pathways is directed to enable the necessary information flow to track biological samples being
processed however desired, and to distribute the necessary information to the appropriate
users. Numerous alternative communications system structures may be selected to meet this
need, and the illustrated and discussed examples are provided for illustrative purposes only,
not to limit the scope or flexibility of the system.

[0056] Referring to the illustrated example, communications pathways 203, 205, 207, 215,
225, 235, 245, 255, 265, 275, 285, 295, represent examples of communications pathways
between staining module 210, coverslipper module 220, first imager module 230, storage
module 202, diagnostician workstation 243, technician workstation 250, local or remote data
storage 260 and/or hospital information system 270, laboratory information system 280,
interpretation module 290, or any other desired station or component of the system.

[0057] The sharing of information may be automated, manual or conceptual. For example,
information may be shared directly by two machines in communication with each other, it may
be made available to a user who can manually input it into another device, or a single machine
comprising more than one device shown in FIG. 2 can engage in internal communication. This
sharing of information often involves two-way communication. For example, images from a
patient having a chronic condition may be sent to a database of patient information storage,
and previously obtained information regarding the same patient may be retrieved from the
database in order to monitor the progression of the condition. In another embodiment, each
station in the material path is capable of communicating via the communications infrastructure
200 and the stations may communicate the progression of the material along the material
pathways as well as other information, as discussed in further detail below.

[0058] In another embodiment, biological specimens, slides, trays, containers, workpieces, and
locations throughout the system may be identified with machine understandable codes, such
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as provided by RFID tags, shape identifiers, color identifiers, numbers or words, other optical
codes, barcodes etc. The identifiers can be recorded to generate data provided to a database,
such as data maintained in data storage device 260, by a processor (any computing devices),
hospital information system 270, laboratory information system 280 or any combination
thereof. Examples of data that may be tracked include patient information and history,
information regarding biological sample(s) collected, arrival and departure times of biological
samples, tests performed on the specimens, processes performed on the specimens, reagents
applied to the specimens, diagnoses made, associated images and so on.

[0059] FIG. 3 illustrates an embodiment of a system for automatically processing a biological
specimen. System 300 includes transport module 302. Transport module 302 may automate,
or at least partially automate, the transfer of slides or other tissue holders between the
stations, namely from or between one or more of microtomy module 303 and staining module
304, coverslipper module 306, first image module 307, storage module 322. Automatically
transporting slides or other tissue holders between staining module 304, coverslipper module
3086, first imager module 307, second imager module 315, storage module 322, and microtomy
module 303 as opposed to manually transferring the slides or other tissue holders, offers
certain potential advantages. For one thing, it may free personnel from the necessity of having
to performing these sometimes repetitive or tedious operations manually. Advantageously, this
may allow the personnel to perform more value-added operations and/or other operations less
amenable to automation. Another advantage is that the transport module may be better suited
for performing these operations faithfully and timely than the personnel, who may at times be
distracted with other tasks, or forget or be unable to perform these operations faithfully or
timely. In particular, manual transport by personnel may result in missed slides, slide breakage
during handling, misplacement or misreading of slides by the imager. In addition, in the case of
slide storage, transport by personnel to the storage module can result in misplaced slides,
incorrect documentation of slides stored within the storage module and/or costly and lengthy
slide retrieval from the storage module. Advantageously, automated transport of the slides may
allow improved productivity or throughput by reducing instrument downtime waiting for samples
to be transferred manually. Similar advantages can be offered by automating the transfer of
tissue blocks between microtomy module 303 and storage module 322.

[0060] In one embodiment, transport module 302 may be a robotic device capable of
transporting a slide between stations. In one embodiment, transport module 302 may be an X-
Y-Z robotic device dimensioned to transport one or more slides between stations.
Representatively, transport module 302 may be a track and elevator system. The track system
may be a conveyor belt or plate system that transports the slide horizontally in an "x-" direction.
In this aspect, one or more slides may be placed on the conveyor and conveyed between the
desired stations, for example, between coverslipper module 306, imager 308 and storage
module 322. In one embodiment, the conveyor belt system may have two separate conveyor
belts such that one conveyor belt transfers the slide in one direction and the other conveyor
belt transfers the slide in the opposite direction as illustrated by arrow 316. Alternatively, as
described with reference to FIGS. 4-9, a single conveyor belt system may be used to transport
the slide in more than one direction. Transport module 302 may further include an elevator
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device. The elevator device transports the slide vertically in a y-direction when it is desired that
a slide be positioned at a location above or below the conveyor belt. The elevator device may
further include a component for transporting the slide in and out of the elevator in the z-
direction.

[0061] Staining module 304 and coverslipper module 306 may be an integrated slide stainer
and coverslipping system. Alternatively, staining module 304 and coverslipper module 306 may
be in separate instruments at different locations. In the case of an integrated system, staining
module 304 and coverslipper module 306 may be a staining/coverslipping system such as the

TISSUE-TEK® PRISMA® and TISSUE-TEK® GLAS™g2 combo system or TISSUE-TEK®

PRISMA® and TISSUE-TEK® FILM® combo system commercially available from Sakura
Finetek U.S.A., Inc., Torrance, CA. In one embodiment, staining module 304 may have
hematoxylin and eosin stain (H&E) and special staining (SS) capabilities. At H&E/SS staining
and coverslipping, a biological sample may undergo H&E or SS staining and optional
coverslipping. Other staining or testing protocols also can be performed.

[0062] During operation, an individual slide or group of slides placed in a basket may be
loaded into staining module 304 and stained according to a desired staining protocol. In the
case of a group of slides, the staining protocol can be the same for all slides or selected from a
staining protocol menu, either by an operator or automatically by reading a bar code, an RFID
or any other protocol identification device. Once the staining protocol is complete, the slide or
group of slides within the basket is automatically transferred to coverslipper module 306 for
individual cover slipping. The identifier associated with each slide is then read as the slides are
coverslipped and either placed as a group in a basket or individually fed onto transport module
302.

[0063] In an alternative embodiment, where a group of slides are stained together, the slides
may be singulated (separated from the group) in staining module 304 and placed on transport
module 316. For example, where a group of slides are stained together in a basket, a pick and
place robotic device in staining module 304 may transfer the slides individually to transport
module 316. From transport module 316, the slides may be conveyed to coverslipper module
306, or, without a coverslip, to one first imager module 307 or to storage module 322.

[0064] In one embodiment, first imager module 307 includes more than one imager (e.g.,
imager 308, imager 310 and imager 312 shown). Imaging methods (quick-scan, 20x, 40x, etc.)
at first imager module 307 can be pre-assigned to a specimen on a slide according to a
laboratory default or specific instructions from, for example, a diagnostician. In the case of
basket-grouped slides, in one embodiment, each of the slides would be assigned the same
scanning method(s). Individual slides or the basket of slides may be assigned to one of
imagers 308, 310, 312 based on the imagers availability or according to laboratory defined
rules, such as dedicating one or more imagers to a specific scanning method (e.g., quick-scan,
20x, 40x) or a plurality of methods.

[0065] In one embodiment, a slide including a biological sample is individually transported by
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transport module 302 to one of imagers 308, 310, 312 of first imager module 307 and/or
storage module 322. If the slide is ready for imaging (e.g., dry), the system checks to see if, for
example, imager 308 is available. Imager 308 is determined to be available if, for example, it is
properly functioning and not currently imaging another sample on a slide. If imager 308 is not
available, the availability of imager 310 is determined. If imager 310 is not available, the
availability of imager 312 is determined. This process continues, until an available imager is
found. Alternatively, an imaging schedule between the slide and a particular imager may be
predetermined. Representatively, information relating to a period of time sufficient to allow the
slide to dry may be assigned to the slide and imagers 308, 310 and 312 may be on an imaging
schedule. The system may determine which imager will be available after the drying period
expires. Once an available imager is determined, the slide is transported by transport module
302 to the available imager. Although three imagers are illustrated in FIG. 3, it is contemplated
that fewer than three or more than three imagers may be included in system 300.

[0066] If none of imagers 308, 310, 312 of first imager module 307 are available or there are
other conditions which require delay in imaging (e.g., waiting for slide processing instructions),
transport module 302 transports the slide to storage module 322. The slide remains in storage
module 322 until one of imagers 308, 310, 312 become available and/or processing
instructions are received. Once an imager is determined to be available, the slide is transferred
from storage module 322 to transport module 302 using, for example a robotic device, and
transported by transport module 302 to the available imager for imaging. Upon completion of
imaging, the slide may be transported by transport module 302 from imager 308, 310 or 312 to
storage module 322. The image may be communicated to a diagnostician, for example a
diagnostician, for immediate examination. Via a computer (e.g., a personal computer), the
diagnostician can then examine an image of a sample on a slide for viewing and recall a slide
for more imaging work if desired. Alternatively, if it is determined that no further examination of
the slide is desired, the slide may be removed from the storage module 322. Alternatively, an
interpretation module (not shown) may automatically examine a specimen on a slide using, for
example, pattern recognition software, and make a determination whether a slide should be
recalled for additional imaging work.

[0067] If additional imaging of a specimen on a slide is indicated or requested either through
an interpretation module or a diagnostician, the slide containing the specimen is transported
via transport module 302 from, for example, storage module 322 to second imager module
315. Second imager module 315 includes one or more imagers or microscopes (e.g., imager
316, imager 318, imager 320). In one embodiment, the one or more second imagers are a

digital microscope such as VISIONTEK® digital microscope, commercially available from
Sakura Finetek USA, Inc. In one embodiment, a second imager (e.g., imager 316, imager 318
or imager 320) is operable or configured to automatically capture multiple images of a portion
of the specimen are taken at different focal distances to provide a z-stack of the portion of the
specimen or a composite image of the portion of the specimens with a greater depth of field
(i.e., a thickness of the plane of focus) than an individual scan of a single plane. In another
embodiment, a second imager is operable or configured to alternatively or additionally
automatically capture higher magnification or higher resolution images than an image captured
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by the first imager.

[0068] In one embodiment, a second imager (e.g., imager 316, imager 318 or imager 320)
captures multiple images of a portion of a specimen and stores such images in a computer
memory for review and analysis by the system or a diagnostician. In one embodiment, once
the images are stored, the system or diagnostician is notified and the system or diagnostician
can review the stored images. In another embodiment, a diagnostician may be notified when a
slide is present in the second imager before images are stored. Where the second imager is a

VISIONTEK®, the microscope offers a "live" view mode to allow a diagnostician to review a
portion of a specimen without storing (saving) the image. The diagnostician may view a portion
of the image at different focal distances, different resolutions (e.g., zoom in/out) and/or

different magnifications without saving an image using the VISIONTEK® to analyze a
specimen. In one embodiment, as an alternative to storing additional images or in addition to
storing additional images, where a diagnostician is available at second imager module 315 at
the time the slide containing the specimen is present, the diagnostician may examine the slide
and decide images to be captured and stored (saved).

[0069] In certain instances, it may be desirable to view or make available for viewing more one
slide at a time. In one embodiment, multiple imagers (e.g., imager 316, imager 318 and/or
imager 320) at second imager module 315 are used at the same time to each contain one or
more slides related, for example, to a single patient case. In this manner, specimens on
different slides can be displayed simultaneously.

[0070] In one embodiment, storage module 322 may include more than one storage module.
In this aspect, one or more of the storage modules may act as short-term storage areas for
slides likely to need more imaging work. In addition, one or more of the storage modules may
act as long-term storage areas for slides which are unlikely to require more imaging work in the
near future. The long-term storage modules may be located within the laboratory or remotely.

[0071] In one embodiment, storage module 322 is configured to group slides (and tissue
blocks for the block storage system) according to user-defined criteria. For example, slides
pertaining to a patient case could be placed in the same area. Then cases or blocks can be
located by date of production, by physician, by provenance, or by a combination of these
criteria. Representatively, as noted above, a slide may contain an identifier that may be read by
a reader (e.g., RFID reader, bar code reader). That identifier (e.g., RFID, bar code) may
contain information (e.g., letters, numbers and/or symbols) indicating a date of production, a
physician and/or a provenance. When the information is read by a reader, the information may
be sent to a controller or to other devices through the communications infrastructure.

[0072] Automated system 300 as illustrated in FIG. 3 provides fully automated movement of
slides between staining module 304, coverslipper module 306, first imager module 307,
second imager module 315 and storage module 322. In this aspect, system 300 provides a
seamless and continuous workflow which is in sync with other laboratory processes and
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eliminates the need for overnight processing and batching while reducing personnel errors and
liabilities. It is further noted that there are no touch points from staining to storage in system
300 therefore system 300 is believed to satisfy even the most stringent quality control
programs such as Lean and Six Sigma.

[0073] FIG. 4 illustrates an embodiment of the system of FIG. 3. In this embodiment, stainer
module 304 is a TISSUE-TEK® PRISMA®stainer and coverslipper module 306 is a TISSUE-
TEK® FILM® coverslipper, both commercially available from Sakura Finetek USA. The

TISSUE-TEK® PRISMA® stainer module and TISSUE-TEK® FILM® coverslipper module may
be connected to one another and a loading container used in the coverslipper module to hold
one or more racks of slides prior to a coverslipping operation may move between the
coverslipper module 306 and stainer module 304. A brief description of the interaction between
these modules is presented in the following paragraphs.

[0074] In order to automate the movement of the loading container in the coverslipper module
306 between coverslipper module 306 and stainer module 304, software instructions and a
data link between coverslipper module 306 and stainer module 304 are provided. Such
instructions and link may be solely between coverslipper module 306 and stainer module 304.
Alternatively, a control system may be connected to each of strainer module 304, coverslipper
module 306, first imagers 308, 310, 312 of first imager module 307, second imagers 316, 318,
320 of second imager module 315, storage module 322 and transport module 302 that may be
used to transport a slide between imagers and the modules. FIGS. 4-9 describe controller 400
connected to each of the noted modules. In such case, instructions regarding the transfer and
a data link may be established between the modules and the control system. In such case,
controller 400 may control the transfer operations between stainer module 304 and
coverslipper module 306. Controller 400 may also control (e.g., direct operation of) the various
other modules and imagers as well as control slides relative to the modules and imagers.

[0075] Referring again to movement of a loading container from stainer module 304 to
coverslipper module 306 , the loading container sits on a plate that is connected to wires that
move the plate and the loading container in an x- and y-direction, respectively, by two-step
motors. The plate may move the loading container in an x-direction into the stainer.

[0076] In operation, a transfer arm of stainer module 304 retrieves a rack of slides and moves
the rack along an xy axis to one or more individual staining stations. The transfer arm transfers
a rack of slides to an appropriate staining station and then lowers the rack into that staining
station for staining (a z-direction). Following staining, the transfer arm removes the rack of
slides from the staining station and moves in x- and y-direction to another staining station or,
when all staining operations are complete, to a transfer station where the rack of slides is to be

transferred from the stainer to the Film® coverslipper module (coverslipper module 306).

[0077] For a transfer operation between stainer module 304 and coverslipper module 306, the
loading container in coverslipper module 306 receives instructions to move from coverslipper
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module 306 to stainer module 304 through the adjacent doorways in each device. The loading
container is moved by the plate on which it sits along a single plane (xy plane) from the
coverslipper to a position inside the stainer adjacent the doorway of the stainer module. Once
inside the stainer module, the transfer arm lowers the rack of slides into the loading container.
The loading container typically contains a solution such as xylene that wets the slides. The
loading container then moves on the x-direction plate from the stainer into the coverslipper
again through the adjacent doorways. A cover slipping operation including placing a film-type
cover slip on individual slides in the basket of slides is then performed in the coverslipper.

[0078] Transport module 302 may be a robotic device capable of transporting a slide between
stations. In the embodiment shown in FIG. 4, transport module 302 may be a robotic device
including conveyor 402 that is a conveying system to transport a slide or group of slides
horizontally in a loop between stainer module 304/coverslipper module 306, first imager
module 307, second imager module 315 and storage module 322. In this embodiment,
conveyor 402 transports a slide in one direction as illustrated by arrow 403 from stainer
module 304 or coverslipper module 306 to imagers 308, 310, 312 to second imagers 316, 318,
320 and to storage module 322 and in an opposite direction as illustrated by arrow 405 from
storage module 322 to first imagers 308, 310 and 312 or second imagers 316, 318, 320. In
one embodiment, conveyor 402 may be a conveyor belt or a set of conveying pallets disposed
in a horizontal plane and dimensioned to transport a slide or group of slides. A conveying
system that is a set of conveying pallets may be similar to systems currently used in luggage
carousels at commercial airports. Such carousels typically include a deck that is surrounded by
support wheel tracks. The support wheel tracks define a path that is frequently oval shaped.
Evenly spaced along the wheel tracks are pallet support members. Attached to each end of the
pallet support members are support wheels. The support members are configured to be
transported along the support wheel tracks by the rolling of the support wheels. The support
members are connected to each other at the top by straps that run between support members.
The bottoms are connected to each other by rigid links. Thus, the support members, the
support wheels, and the straps function in a manner analogous to a train on endless railroad
tracks.

[0079] Attached to the pallet support members are pallets. The pallets are designed to overlap
one another and are secured to the pallet support members to form a flexible surface. The
overlap configuration of the pallets allows them to slide relative to each other as the pallets
travel around the corners of the tracks. The leading edge of the pallets are secured to the
support members by fasteners. Each of the pallets may have a slight bend to negotiate the
curves in the unit.

[0080] In the embodiment shown in FIG. 4, conveyor 402 receives a slide from coverslipper
module 306 and conveys the slide to one of first imagers 308, 310, 312 of first imager module

307. Referring to the TISSUE-TEK® FILM® coverslipper, coverslipper module 306 individually
places a film strip on a slide. With the system described in reference to FIG. 4, the slide is then
moved to a discharge position in coverslipper module 306 and discharged onto conveyor 402
from coverslipper module 306 onto conveyor 402. A discharge position in coverslipper module
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may be established at a position downstream of the coverslipping operation. Referring to FIG.
4, a slide, such as slide 424, is discharged onto conveyor 402 in a manner that its length
dimension is disposed across a width dimension of conveyor 402. Reader 423, such as an
RFID or bar code reader, may be positioned at a discharge point onto conveyor 402 or
downstream from a discharge point to read an identifier on slide 424. Reader 423 is connected
to controller 400 to indicate to controller 400 that slide 424 is on conveyor 402. Once delivered
to conveyor 402, conveyor 402 conveys slide 424 toward first imagers 308, 310, 312.

[0081] As noted earlier, in this embodiment, multiple slides are brought to converslipper
module 306 from stainer module 304 in a rack. In coverslipper module 306, the slides are
singulated (separated from other slides in a rack) for coverslipping. In one embodiment, all
stained slides in coverslipper module 306 are coverslipped. In another embodiment, a
coverslipping operation may be bypassed. Such bypass can occur at the singulation point in
coverslipper module 306. According to this embodiment, a slide is singulated and either
directed to be directly discharged onto conveyor 402 or to be coverslipped and then
discharged.

[0082] In one embodiment, a slide retaining device is positioned adjacent to or connected to
conveyor 402. Slide retaining device 420, in one embodiment, is an oval-shaped chain or belt
(e.g., a continuous loop) having projections 422 extending outwardly therefrom. Projections
422 are spaced from one another at approximately a width of a slide.

[0083] As shown in FIG. 4, stainer module 304, coverslipper module 306, first imagers 308,
310, 312 of first imager module 307 and second imagers 316, 318, 320 of second imager
module 315 are positioned on one side of conveyor 402. Slide retaining device 420 is
positioned on a side of conveyor 402 opposite to the side including stainer module 304,
coverslipper module 306 and the imager modules. Projections 422 of slide retaining device 420
project outward in a direction toward conveyor 402. A length of slide retaining device 420 is
positioned adjacent conveyor 402 so that projections 422 extend a distance on to conveyor
402. In one embodiment, slide retaining device 410 is a synthetic rubber or other plastic
material with projections 422 of similar preferably resilient material. Projections 422 have a
thickness of 0.5 millimeters (mm) or less, such as 0.25 mm, and a length of 0.5 mm to 1 mm.
Slide retaining device 420 projects above the plane defined by conveyor 402 a distance
sufficient to allow a length of projections 422 to lay on conveyor 422 or slightly above (e.g., less
than 0.25 mm above) conveyor 422. In this manner, a slide may be retained on conveyor 402
between two adjacent projections 422.

[0084] Slide retaining device 420 is rotated by a pulley and moves at the same rate as
conveyor 402. FIG. 5 shows a side view of the system of FIG. 4 through line 5-5'. As shown in
FIG. 5, slide retaining device 420 is connected at one looped end to pulley 430 and the other
looped end to pulley 430. Pulley 430 rotates on axle 435. Axle 435 extends a width of conveyor
402 to an opposite side where a second end of axle 435 is connected to pulley 437. Pulley 437
is connected through a belt to pulley 440 that drives conveyor 402.
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[0085] As illustrated in FIGS. 4-6 and 7, slides, such as slide 424 are discharged from
coverslipper module 306 or optionally stainer module 204 individually and are placed on
conveyor 402. Conveyor 402 may be positioned, for example, slightly below exit port 407 of
coverslipper module 306 (and optional exit port 409 of stainer module 304) so that slides are
placed onto conveyor 402 via gravity. Ideally, a slide is placed on conveyor 402 between two
projections 422 of slide retaining device 420. However, where a slide is not aligned between
projections 422 as the slide exits coverslipper module 306, a force of a projection against an
edge of a slide is sufficient to re-position a slide between projections.

[0086] Conveyor 402 transports a slide to first imagers 308, 310, 312 of first imager module
307. Imagers 308, 310, 312 are, for example, scanners and may further each contain a reader
(e.g., RFID reader, bar code reader) connected with controller 400 to read an identifier on a
slide indicate to controller 400 that a slide is in the imager and to associate a digital image with
the identifier. In one embodiment, conveyor 402 stops at each imager and controller 400
assesses the availability of the imager (e.g., receives a signal that indicates whether or not an
imager is available). If an imager is available and control system (e.g., controller 400)
determines that a slide may be imaged at this time (e.g., the slide is dry), the slide is placed in
the imager.

[0087] In one embodiment, a slide is placed in an imager by applying a pushing force to the
slide. In this embodiment, associated with each first imager 308, 310, 312 and controlled by
controller 400 is a plunger assembly. FIGS. 4-7 show plunger assembly 408, 410 and 412
associated with first imagers 308, 310, 312, respectively. Plunger assembly 408, 410 and 412
are positioned on a side of conveyor 402 opposite imagers 308, 310 and 312.

[0088] Each plunger assembly 408, 410, 412 includes an actuator such as an electrical motor
or air piston that drives a corresponding plunger to extend or retract. A plunger, when
actuated, moves outward from the plunger assembly toward the respective imager. The
plunger may be a bar or rod having a thickness equivalent to or greater than a thickness of a
slide. Each plunger assembly is positioned adjacent conveyor 402 such that when a plunger is
extended from a plunger assembly, the plunger will contact a surface of conveyor 402 or
extend over conveyor 402 a slight distance (e.g., 0.1 to 0.25 mm). Plunger must be close
enough to conveyor 402 that it is capable of contacting an edge of a slide on the conveyor and
pushing the slide off conveyor 402 as it extends. To the extent a height of slide retaining device
420 would otherwise prevent a plunger form contacting an edge of a slide, plunger is made of
a material having sufficient weight or density to deflect slide retaining device 420. For example,
a plunger comprised of a steel bar or rod can be made of a sufficient weight to deflect slide
retaining device 420 of a synthetic rubber belt downward. In another embodiment, a plunger
may extend from a plunger assembly at an angle slightly less than horizontal (e.g., less than
5°) so that the plunger will deflect slide retaining device 420 to be at most parallel with a
surface of conveyor 402.

[0089] If a slide is positioned in front of first imager module 307 (in front of one of first imagers
308, 310, 312) and the imager is available, the plunger will push the slide into imager. Thus,
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the plunger is oriented such that it will contact an edge of a slide on conveyor 402. FIG. 7
shows an illustration of a slide pushed from conveyor 402 into first imager 308. FIG. 7 shows
plunger 458 actuated from plunger assembly 408 and extending across conveyor 402. The
actuation of plunger 458 causes plunger 458 to contact slide 424 and push slide 424 into first
imager 308. A cut-away view of first imager 308 shows slide 424 on a stage or imaging
platform within first imager 308 and ready for imaging. The cut-away view also shows plunger
assembly 488 on a side of a stage or imaging platform opposite plunger assembly 488.
Plunger assembly 488 is configured to push slide 424 from inside first imager 308 back onto
conveyor 402 once imaging of slide 475 is complete.

[0090] As noted above, in one embodiment, controller 400 is connected to stainer module 304,
coverslipper module 306, first imagers 308, 310, 312 of first imager module 307, second
imagers 316, 318, 320 of second imager module 315, plunger assemblies 408, 410, 412, 418,
421 corresponding plunger assemblies associated with each imager, storage module 322 and
conveyor 402. In addition to optionally controlling a staining of slides in stainer module 304 and
coverslipping slides in coverslipper module 306, controller 400 includes instructions (e.g., a
computer program) for controlling a discharge of a slide from coverslipper module 306 or,
optionally, stainer module 304 onto conveyor 402 and the movement of conveyor 402 to bring
a slide to first imagers 308, 310, 312 or first imager module 307 and/or to second imagers 316,
318, 320 of second imager module 315.

[0091] To control discharging of a slide onto conveyor 402 from coverslipper module 306,
controller 400 receives data from coverslipper module 306 whether a slide is ready for
discharge. In one embodiment, this data is provided to controller 400 in the form of a signal
when a slide is positioned in a designated area in coverslipper module 306. The slide may or
may not have proceeded through a coverslip operation in coverslipper module 306. Controller
400 checks to see if a position on conveyor 402 is free to receive a slide. In the embodiment
shown in FIGS. 4-7, the system includes sensor 495 positioned approximately one slide width
upstream of exit port 416 of coverslipper module 306. Sensor 495 may be, for example, a
photoelectric sensor that sends a light beam across a surface of conveyor 402. When the
beam is broken, a sensor sends a signal to controller 400 that a slide is present. It is
appreciated that, in an embodiment where a slide may be discharged from stainer module 304,
a similar technique may be employed with, for example, a sensor similar to sensor 495.

[0092] In one embodiment, control system stops conveyor 402 for a brief moment (e.g., three
to five seconds) in periodic intervals each time a slide could be positioned in front of an imager
(any of the first imagers or second imagers). Controller 402 receives a signal whether the
imager is available for receiving a slide for imaging. It may receive this signal in an unsolicited
fashion (e.g., a sensor associated with the sensor sends a signal whenever the imager is
available) or it may solicit the signal (e.g., controller sends a signal to a sensor associated with
the imager and receives a reply to the sent signal from the sensor). If a slide is present on
conveyor 402 and an imager is available, control system will activate a corresponding plunger
assembly to place a slide in the imager. Similarly, controller 400 checks when an imaging of a
slide is complete and subsequently discharges the slide onto conveyor 402. In one
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embodiment, a sensor such as a photoelectric sensor may be associated with, including
connected or adjacent to, each of plunger assembly 408, 410, 412 to sense whether a slide is
present on conveyor 402 or conveyor 402 is free to receive a slide from one of first imagers
308, 310, 312 of first imager module 307 or one of second imagers 316, 318, 320 of second
imager module. FIG. 6 shows sensor 496 connected to first imager 308. In one embodiment, a
corresponding sensor component may be connected to first imager 308 directly across from
sensor 496. Alternatively, a memory associated with controller 400 may track the position of
slides on conveyor 402 based on data supplied by sensor 495 and by coverslipper module
306, and with this data, compute whether conveyor 402 is free to receive a slide from first
imagers 308, 310, 312 of first imager module 307 and imagers 316, 318, 320 of second
imager module 315. The brief stoppage of conveyor 402 also may be utilized to assess
whether a slide is on conveyor 402 upstream of an exit port of coverslipper module 306, such
as based on data received from sensor 495.

[0093] Although plunger assemblies are described for transferring slides between conveyor
402 and imagers, it is contemplated that any other type of robot device suitable for transferring
a slide between processing stations may be used. Representatively, a robotic arm capable of
grasping slide 424 and transferring slides between imagers and conveyor 402 may be used.
For example, in embodiments where a group of slides are transported within a basket, slides
must be removed individually from the basket for imaging. In this aspect, a Gantry or Cartesian
coordinate type robot, a selective compliant assembly robot arm (SCARA) type robot, an
articulated arm type robot, or a combination thereof (e.g., a SCARA type robot coupled in a
Gantry type robot configuration) may be used to retrieve and deposit individual slides within the
basket.

[0094] In one embodiment described with reference to FIGS. 3-7, stainer module 304 and
coverslipper module 306 are connected and slides are conveyed by stainer module 304 to
coverslipper module 306 through a commercially available integrated system, although in
another embodiment, such conveyance can alternatively be controlled by controller 400 as part
of an overall control system. In another embodiment, slides may be transferred from stainer
module 304 to conveyor 402 and then conveyed via conveyor 402 to coverslipper module 306
using, for example, a plunger assembly(ies) such as described above or other type of transfer
mechanism.

[0095] FIGS. 4-7 also show conveyor 402 extending into storage module 322. In one
embodiment, conveyor 402 has a continuous loop shape with one end of the loop extending
into and out of storage module 322.

[0096] FIG. 8 illustrates a cross-section of storage module 322 through line 8-8' of FIG. 4. In
one embodiment, storage module 322 may include at least one of a drawer, chamber,
compartment, cabinet, enclosure, cubbyhole, or the like. A robotic device such as transport
module 302 may be capable of introducing a slide into storage module 322, and removing the
slide from storage module 322, for example, via conveyor 402. Storage module 322 may
further include a door which may be accessed by transport module 302.
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[0097] In an embodiment where storage module 322 is a cabinet, storage module 322 may
have a plurality of slide stations 602. Each of slide stations 602 may be dimensioned to receive
and store a slide. In one embodiment, slide stations 602 are dimensioned to receive and store
a slide individually or a group of slides. In the case of a group of slides, the slide group may be
stored in slide stations 602 in a tray or basket. For example, a tray or basket holding 10 slides
may be stored within one of slide stations 602. In this aspect, slide stations 602 are
dimensioned to store the tray or basket having the sides therein.

[0098] In one embodiment, stations 602 may be formed in a grid pattern as illustrated in FIG.
8. Slides stored within stations 602 may be located and retrieved from storage 314 using an
indexing system including, for example, coordinates corresponding to the grid pattern.
Representatively, each column may be assigned an identifier and each row may be assigned a
different identifier from that of the columns. For example, the first column starting from the left
hand side of storage module 322 may be assigned the identifier "1" and the first row starting at
the top of storage module 322 may be assigned the identifier "A." In this aspect, the location of
station 602A may be A1. A slide stored within station 602A may be assigned location A1. VWWhen
it is desired to retrieve the slide, the system is directed to retrieve the slide at location A1. In
other embodiments, slide stations 602 may be vertically stacked compartments within storage
module 322.

[0099] Transport module 302 may include one or more elevator devices positioned in storage
module 322 to place slides within or retrieve slides from slide stations 602 and transfer slides
between slide stations 602 and conveyor 402.

[0100] Elevator device 614 may be used to move the slide vertically between conveyor 402 (a
y-direction in reference to FIG. 4). Elevator device 614 also includes track member 604 which
allows for movement of frame member horizontally in a z- direction (with reference to FIG. 4)
as illustrated by arrow 606. Elevator device 614 may be positioned between conveyor belt 402
and slide stations 602. Elevator device 614 may include frame member 618 and lift member
620 which travels along frame member 618. A motor and pulley system may be connected to
frame member 618 and lift member 620 to drive lift member 620 along frame member 618.

[0101] Elevator device 614 may further include slide platform 622 positioned within lift member
620. Slide platform 622 may be movably coupled to lift member 620 such that it slides
horizontally in an x-direction to eject the slide from or receive the slide within elevator device
614. Slide platform 622 is dimensioned to receive and retain slide 624 within lift member 620.
In one embodiment, slide platform 622 may be a rectangularly shaped box having open ends
and of a size configured to contain a single slide (e.g., 1in. x 1 in x 3 in.). Slide platform 622
may be at least as wide as a width of the slide so that the slide may be positioned thereon. The
slide may be inserted into and retrieved through either side of slide platform 622. Alternatively,
slide platform 622 may be a planar member (a true platform) upon which the slide can be
supported by slide platform 622.
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[0102] Elevator device 614 may be used to transfer slide 624 between conveyor 402 and slide
stations 602. Representatively, conveyor 402 may transport slide 624 from, for example,
coverslipper module 306 or imagers 308, 310, 312, to slide stations 602. Conveyor 402 moves
slide 624 horizontally in the x-direction until slide 624 is aligned with slide platform 622. In this
aspect, lift member 620 moves vertically in the y-direction along frame member 618 until slide
platform 622 is aligned with slide 624. Once slide platform 622 is aligned with slide 624, slide
platform 622 moves in the x-direction toward conveyor 402 until it is positioned around slide
624. In one or more embodiments, slide platform 622 may include pincers, claws, jaws, hook-
like structures or another gripping member. Slide platform 622 then moves in the opposite
direction (i.e., away from conveyor 402) with slide 624 inside. Lift member 620 raises slide
platform 622 having slide 624 therein until slide 624 is aligned with opening 428 of slide
stations 602. Slide platform 622 then moves in the "X" direction toward slide stations 602 to
insert slide 624 within the opening of the slide station. Once slide 624 is within the opening,
slide platform 622 releases slide 624 and retracts (i.e. moves away from slide stations 602)
thereby leaving slide 624 within slide stations 602 for storage.

[0103] Once storage is complete, elevator device 614 may be used to remove slide 624 from
slide stations 602 and place it back on conveyor 402 for transport to, for example, first imager
module 307 or second imager module 315.

[0104] Although elevator device 614 is described for transferring slide 624 between conveyor
402 and slide stations 602, it is contemplated that any other type of robot device suitable for
transferring a slide between processing stations may be used. Representatively, a robotic arm
capable of grasping slide 624 and transferring slide 624 between slide stations 602 and
transport module 302 may be used. For example, in embodiments where a group of slides are
transported within a basket, slides must be removed individually from the basket for imaging. In
this aspect, a Gantry or Cartesian coordinate type robot, a selective compliant assembly robot
arm (SCARA) type robot, an articulated arm type robot, or a combination thereof (e.g., a
SCARA type robot coupled in a Gantry type robot configuration) may be used to retrieve and
deposit individual slides within the basket.

[0105] As previously discussed, a slide may be inserted and stored in any of stations 602
which are positioned in a grid pattern. In this aspect, the robotic device for inserting and
retrieving the slides must be able to move both vertically in the y-direction and horizontally in
the x-direction. To store a slide or retrieve a slide stored in station 602A, lift member 620 of
elevator device 614 moves vertically as illustrated by arrow 616 up to the top row (e.g. row A)
of storage module 322. Frame member 618 then moves horizontally as illustrated by arrow
606 to the first column (e.g., column 1).

[0106] To store slide 424 within station 602A, slide platform 422 moves in the "z-" direction
toward storage module 322 and inserts slide 424 within station 602A. Once slide 424 is
positioned within station 602A, slide platform 622 moves in a direction away from storage
module 322 leaving slide 624 behind within station 602A. To retrieve slide 624 from station
602A, slide platform 622 is inserted within station 602A and around slide 624. Movement of
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slide platform 622 away from station 602A pulls slide 624 out of station 602A and into elevator
device 614. Lift member 620 of elevator device 614 may then be raised or lowered to transfer
slide 624 to conveyor 402. Conveyor 402 may then be used to convey slide 624 to imager 308,
310, 312.

[0107] The identification, placement and retrieval of a slide within storage module 322 may be
controlled by controller 400 that is electrically or communicatively linked to transport module
302. In one or more embodiments, movement or operation of transport module 302 may be
based on signals exchanged between the controller and storage module 322. For example, in
one embodiment, such a controller may receive a signal from coverslipper module 306
indicating that a slide is ready for storage. In response, the controller may signal transport
module 302 to retrieve the slide from the coverslipper module and transfer the slide to storage
module 322. Areader (e.g., an RFID or bar code reader) may be positioned at the entrance to
storage module to read an identifier associated with the slide. This information is transmitted to
controller 400. The controller may identify an open slide station within storage module 322 and
signal transport module 302 to insert the slide within the open slide station. The slide location
information may be stored by the system. In one embodiment, the slide location may be
selected based on a criteria such as patient case, a physician or hospital, term of storage, etc.
When retrieval of the slide is desired, for example where a pathologist instructs the system to
perform further imaging of the slide, controller 400 may determine the location information of
the desired slide and signal transport module 302 to retrieve the slide from the appropriate
slide station within storage module 322.

[0108] FIG. 9 illustrates a perspective view of the storage module and elevator device of FIG.
8. From the view in FIG. 9, it can be seen that lift member 620 slides vertically along track 702
formed in lift member 620. In this aspect, lift member 620 may have protrusions along its outer
surface that line up with and may be engaged within track 702. Similarly, track member 604
includes tracks 704 along which frame member 618 slides.

[0109] FIG. 8 and FIG. 9 describe a storage module in connection with storing slides. In
another embodiment, a storage module is configured to store slides as well as tissue blocks
(e.g., tissue blocks containing an identifier tag). In another embodiment, the system includes
storage module 202 for storing slides and a separate storage module for storing tissue blocks.
A storage module to store tissue blocks may be configured similar to storage module 322,
including an identifier reader, and linked to controller 400. In either configuration, controller 400
is configured to store identification information of the slides and tissue blocks so that a slide(s)
may be linked to a tissue block. FIG. 4 shows microtomy module 307 adjacent conveyor 402.
Microtomy module may include tissue block processing equipment including a microtome and
an identifier reader linked to controller 400. In one embodiment, tissue block may be loaded
onto conveyor 402 from microtomy module 307 (or unloaded from conveyor 402 to microtomy
module 307) or loaded/unloaded storage module 322 to conveyor 402 or vice versa similar to
the methods discussed above for loading/unloading slides.

[0110] An automated system for slide transport between processing stations is disclosed. One
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skilled in the art will appreciate that the present invention can be practiced by other than the
preferred embodiments which are presented in this description for purposes of illustration and
not of limitation, and the present invention is limited only by the claims that follow. It is noted
that equivalents for the particular embodiments discussed in this description may practice the
invention as well. Representatively, in one embodiment, a "Reflex Staining" procedure may be
implemented. In that procedure, the system recommends specific staining and/or testing of
biological samples based on pattern recognition reports of an interpretation module. The reflex
stainer may include a staining system, imager and interpretation module, which are grouped
together and implemented as a single automated instrument. Alternatively, they may be in
separate instruments at different locations. Processing may be performed by instruments both
inside and outside the reflex stainer, such as for example in grossing, processing and
embedding, microtomy and staining and coverslipping.

[0111] In some embodiments, the above-described transport module may be implemented in
connection with tissue block processing. Representatively, a sample of tissue, which has
potentially been grossed and/or fixated in a block of paraffin, may be transported by the
transport module between a microtome, imager and storage module. For example, the block
having the tissue embedded therein and an identifier may be sectioned by the microtome and
then transported to the storage module. If, upon examination of the tissue section, it is
determined that another tissue section is needed, a controller may signal the transport module
to retrieve the block from the storage module and transport it back to the microtome for
additional sectioning.

[0112] One or more embodiments of the invention may be provided as a program product or
other article of manufacture that may include a machine-readable computer medium having
stored thereon one or more instructions. The medium may provide instructions, which, if
executed by a machine such as a robot or integration unit, may result in and/or cause the
machine to perform one or more of the operations or methods disclosed herein. Suitable
machines include, but are not limited to, robots, integration units, computer systems, laboratory
equipment, and a wide variety of other machines, to name just a few examples.
Representatively, the medium may include recordable mediums, such as, for example, floppy
diskette, optical storage medium, optical disk, CD-ROM, magnetic disk, magneto-optical disk,
read only memory (ROM), programmable ROM (PROM), erasable-and-programmable ROM
(EPROM), electrically-erasable-and-programmable ROM (EEPROM), random access memory
(RAM), static-RAM (SRAM), dynamic-RAM (DRAM), Flash memory, other types of memory,
other machine-readable medium within programmable logic units used to control robots, and
combinations thereof.
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Patentkrav

1. Indretning omfattende:

et ferste billeddannelsesmodul (230, 307, 308, 310, 312) omfattende en eller
flere scannere;

et andet billeddannelsesmodul (240, 308, 315, 316, 318, 320) omfattende et
eller flere mikroskoper;

et opbevaringsmodul (202, 322) omfattende en flerhed af objektglasstationer
(602), hvor opbevaringsmodulet er et kabinet;

et automatiseret transportmodul (302), der kan transportere mindst ét objekt-
glas mellem mindst ét af det farste billeddannelsesmodul (230, 307, 308, 310,
312), opbevaringsmodulet (202, 322) og det andet billeddannelsesmodul (240,
315, 316, 318, 320); og

en styreenhed (400), der kan (i) bestemme, om en af den ene eller flere scan-
nere af det fgrste billeddannelsesmodul (230, 307, 308, 310, 312) er tilgeen-
gelig, (ii) transportere en flerhed af objektglas af transportmodulet (302) indivi-
duelt direkte ind i det ferste billeddannelsesmodul (230, 307, 308, 310, 312),
(i) dirigere den ene eller flere scannere af det ferste billeddannelsesmodul
(230, 307, 308, 310, 312) til at optage et billede af et omrade af en preve pa

ethvert af flerheden af objektglas, hvor det ene billede er i et enkelt plan af

praven, der er styret af en protokol forbundet med objektglasset eller valgt af
en diagnostiker, der er ansvarlig for at analysere objektglasset, (iv) transpor-
tere flerheden af objektglas direkte til respektive af flerheden af objektglassta-
tioner i opbevaringsmodulet, (v) bestemme en placering af en af flerneden af
objektglasstationer (602) i opbevaringsmodulet (202, 322), der indeholder et
objektglas af flerheden af objektglas, baseret pa et indekseringssystem til pla-
cering af en af en flerned af objektglasstationer (602) i opbevaringsmodulet
(202, 322), hvor det ene objektglas er et af en flerhed af objektglas til en pati-
entsag, (vi) bestemme om et af et eller flere mikroskoper af det andet billed-
dannelsesmodul (240, 315, 316, 318, 320) er tilgaengeligt, (vii) styre det auto-

matiserede transportmodul (302) til at udtage det ene objektglas af flerheden
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af objektglas, (viii) hvis et af det ene eller flere mikroskoper af det andet billed-
dannelsesmodul (240, 315, 316, 318, 320) er tilgeengeligt, transportere det ud-
tagne objektglas fra opbevaringsmodulet (202, 322) direkte i det andet billed-
dannelsesmodul (240, 315, 316, 318, 320) kun som svar pa en anmodning fra
en diagnostiker eller et fortolkningsmodul om at optage billeder ud over billedet
af pr@ven fra det udtagne objektglas, der er optaget af det ferste billeddannel-
sesmodul (230, 307, 308, 310, 312), hvor anmodningen falger efter fortolkning
af det billede, der er optaget af det farste billeddannelsesmodul (230, 307, 308,
310, 312), (ix) styre det tilgeengelige mikroskop af det andet billeddannelses-
modul (240, 315, 316, 318, 320) til at optage flere billeder af en del af praven
pa det udtagne ene objektglas, hvor de flere billeder omfatter billeder af en del
af preven, der skal tages ved forskellige fokusafstande for at tilvejebringe en
z-stak af den del af praven, et sammensat billede af den del af praverne med
en starre dybdeskarphed end det ene billede i et enkelt plan optaget af det
farste billeddannelsesmodul (230, 307, 308, 310, 312) eller billeder med he-
jere forstarrelse eller oplasning, (x) bestemme, om et af et eller flere mikrosko-
per i det andet billeddannelsesmodul (240, 315, 316, 318, 320) er tilgaengeligt
til at optage et billede af en preve pa et andet af flerheden af objektglas til
patientsagen, (xi) styre det automatiserede transportmodul til at udtage endnu
et objektglas ud af flerheden af objektglas til patientsagen fra en bestemt pla-
cering i opbevaringsmodulet (202, 322), (xii) transportere det udtagne objekt-
glas direkte til det andet billeddannelsesmodul (240, 315, 316, 318, 320), (xiii)
styre det tilgeengelige mikroskop til at optage et billede af en del af en preve
pa det andet udtagne objektglas, (xiv) samtidig vise mindst ét billede af de flere
billeder af den del af preven pa det hentede objektglas og billedet af den del
af preven pa det andet udtagne objektglas til analyse af en diagnostiker og

(xv) underrette en diagnostiker om, at de flere billeder er optaget.

2. Indretning ifalge krav 1, hvor styreenheden (400) kan styre det ferste billed-
dannelsesmodul (230, 307, 308, 310, 312) til at optage et billede af et helt
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omrade af en preve pa et objektglas.

3. Indretning ifelge et hvilket som helst af kravene 1 eller 2, hvor det andet
billeddannelsesmodul (240, 315, 316, 318, 320) omfatter mere end ét digitalt

mikroskop.

4. Indretning ifelge krav 1, hvor det ene eller de flere mikroskoper af det andet
billeddannelsesmodul (240, 315, 316, 318, 320) omfatter mindst én billedsen-
sor, styreenheden kan styre en billedoptagelse af en del af et objektglas med
mindst én billedsensor og et display koblet til styreenheden, og styreenheden

kan vise det billede, der er optaget af mindst én sensor.

5. Indretning ifalge krav 4, hvor styreenheden kan vise det optagne billede

uden at gemme billedet.

6. Fremgangsmade omfattende:

tilvejebringelse af indretningen ifalge krav 1;

transport af flerheden af objektglas til det ferste billeddannelsesmodul (230,
307, 308, 310, 312) ved hjeelp af det automatiserede transportmodul (302);
individuel placering af flerheden af objektglas i det farste billeddannelsesmodul
(230, 307, 308, 310, 312), nar en af den eller de flere objektglasscannere er
tilgeengelig;

optagelse af et billede af en prave pa ethvert af flerheden af objektglas ved
hjeelp af en eller flere scannere af det farste billeddannelsesmodul (230, 307,
308, 310, 312), hvor det ene billede er i et enkelt plan af praven, der er styret
af en protokol, der er forbundet med mindst det ene objektglas eller valgt af en
diagnostiker, der er ansvarlig for at analysere objektglasset;

transport af flerneden af objektglas til de respektive af en flerhed af objektglas-
stationer (602) i opbevaringsmodulet (202, 322) ved hjeelp af det automatise-

rede transportmodul;
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bestemmelse af en placering af en af de flere objektglasstationer (602) i opbe-
varingsmodulet (202, 322), der indeholder et objektglas af de flere objektglas,
baseret pa et indekseringssystem, hvor det ene objektglas er et af flerheden
af objektglas til en patientsag;

bestemmelse af, om et af et eller flere mikroskoper af det andet billeddannel-
sesmodul (240, 315, 316, 318, 320) er tilgeengeligt;

hvis et af et eller flere mikroskoper af det andet billeddannelsesmodul (240,
315, 316, 318, 320) er tilgeengeligt, transport af det ene objektglas til det til-
geengelige mikroskop af det andet billeddannelsesmodul (240, 315, 316, 318,
320) som svar pa en anmodning fra en diagnostiker eller et fortolkningsmodul
om at optage billeder ud over det billede, der er optaget af det farste billeddan-
nelsesmodul (230, 307, 308, 310, 312), hvor anmodningen falger fortolkningen
af det billede, der er optaget af det farste billeddannelsesmodul (230, 307, 308,
310, 312);

placering af det ene objektglas i det tilgeengelige mikroskop af det andet bil-
leddannelsesmodul (240, 315, 316, 318, 320);

optagelse med det tilgeengelige mikroskop af flere billeder af preven pa det
ene objektglas, hvor de flere billeder omfatter billeder af en del af praven, der
skal tages ved forskellige fokusafstande for at tilvejebringe en z-stak af den
del af preven, et sammensat billede af den del af praverne med en starre dyb-
deskarphed end det ene billede i et enkelt plan, der er optaget af det ferste
billeddannelsesmodul (230, 307, 308, 310, 312), eller billeder med hajere for-
sterrelse eller opl@asning;

bestemmelse af, om et af et eller flere mikroskoper af det andet billeddannel-
sesmodul (240, 315, 316, 318, 320) er tilgeengeligt til at optage et billede af en
preve pa et andet af flerheden af objektglas til patientsagen;

hvis et af et eller flere mikroskoper af det andet billeddannelsesmodul (240,
315, 316, 318, 320) er tilgeengeligt, hentning af det andet objektglas af flerhe-
den af objektglas til patientsagen fra en placering i opbevaringsmodulet (202,
322);
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transport af det andet udtagne objektglas til det tilgeengelige mikroskop af det
andet billeddannelsesmodul (240, 315, 316, 318, 320);

optagelse med det tilgeengelige mikroskop af et billede af en del af en preve
pa det udtagne andet objektglas,

samtidig visning til analyse af en diagnostiker af mindst ét billede af de flere
billeder af den del af praven, der er pa det ene objektglas, og billedet af den
del af praven, der er pa det andet udtagne objektglas, og

underrette en diagnostiker om, at de flere billeder er taget af det andet billed-

dannelsesmodul.

7. Fremgangsmade ifelge krav 6, hvor optagelse af et billede af en preve pa
mindst ét objektglas ved hjeelp af en eller flere scannere af det ferste billed-
dannelsesmodul (230, 307, 308, 310, 312) omfatter optagelse af et billede af

et helt omrade af praven.

8. Fremgangsmade ifelge et hvilket som helst af kravene 6-7, hvor det ene
eller de flere mikroskoper af det andet billeddannelsesmodul (240, 315, 316,
318, 320) omfatter et digitalt mikroskop, eller hvor det andet billeddannelses-
modul (240, 315, 316, 318, 320) omfatter mindst én billedsensor, styreenhe-
den kan styre en billedoptagelse af en del af et objektglas med mindst én bil-
ledsensor og et display koblet til styreenheden, og styreenheden kan vise det

billede, der er optaget af mindst én sensor.

9. Fremgangsmade ifalge krav 8, hvor visningen omfatter visning af billedet af
den del af praven, der er hentet pa det andet objektglas, uden at gemme bil-
ledet.

10. Fremgangsmade ifelge et hvilket som helst af kravene 6-9, hvor efter op-
tagelse af flere billeder af preaven med det andet billeddannelsesmodul (240,
315, 316, 318, 320), transporteres det ene objektglas til opbevaringsmodulet
(202, 322).



DRAWINGS

Drawing
0 L 100
OBTAIN SLIDE MOUNTED [~/
FIG. 1 BIOLOGICAL SPECIMEN
v 104
APPLY STAINAND [/
COVER SLIP TO SLIDE
v 106
TRANSFERSLIDETO [
TRANSPORT MODULE
la
i

YES

108

IS SLIDE
READY FOR
IMAGING?

NO

IS FIRST IMAGER
AVAILABLE?

114
TRANSPORT SLIDE —~/
TO FIRST IMAGER

v 115
OBTAIN IMAGEOF |~
SPECIMEN ON SLIDE

v 116
TRANSPORT SLIDETO |~/
STORAGE MODULE
v 17
EXAMINATION Ny
PROCESSING

IS
ADDITIONAL
IMAGING TO BE

YES

RETAIN SLIDE IN STORAGE 119
MODULE OR TRANSPORT [~/
SLIDE TO STORAGE MODULE

112
TRANSPORTSLIDE [/
TO STORAGE MODULE
121
TRANSPORT SLIDE [/
TO STORAGE MODULE
120
'S SECOND
IMAGER
AVAILABLE?
122
TRANSPORT SLIDE |~
TO SECOND IMAGER
v 123
OBTAIN IMAGE(S) OF |~
SPECIMEN ON SLIDE
v 124
TRANSPORT SLIDETO  }~_J
STORAGE MODULE

DK/EP 3324190 T3



DK/EP 3324190 T3

0 ]
¢ Old
, 3INAOW
JOVH0LS
102
507 £07
097 052 ey vz 0ez 0zz 0z 502 102
( ( ( ) ( ( ( ( (
moéoBAﬂ mﬂww%m Aﬂ mﬂww%m Aww%o_\,__\”_ ﬂ%os__\ﬁ_ﬂ 37NAON Aﬂmsoos_ TIngow || 3naow
W0 [T vioniioay] 7 nviolisonsvia | anocss || s ammm&:wmméo T ONINIVLS | |ANOLOOIW|| ONISSOND
h A h e N h A k
~ ~ ~ JANA ~ ~ ~
507 567 Sve g6z 522 517
Y A A A A A
L »
JUNLONYLSYHANI SNOILYDINNININOD
oom\ A A 4
562 587 §iz
W A A
WILSAS WILSAS
ol Hmﬁm@wv_m,_m N NOILY WeOaNI NOILY WSO
A0 LYHO8Y T WLISOH
062~ 082~ 0z




307

315

/ 300

308 310 312

316 318 320

N304

MICROTOMY
MODULE

4P

STAINING
MODULE

—

COVERSLIPPER [ 308
MODULE

FIRST
IMAGER

:

FIRST
IMAGER

§

5 5 8

FIRST
IMAGER

v

TRANSPORT MODULE

SECOND
IMAGER

'

SECOND
IMAGER

v

5 5 Y

SECOND
IMAGER

¢

e

302

h

STORAGE |¢
MODULE

322
)

303

316

FIG. 3

DK/EP 3324190 T3



DK/EP 3324190 T3

gl

|—>© '~04_|

3 ¥ "Old _|_v®
“
~
o
/1 _ 80V Ol Zly m mﬂ
ov eerA] %7  pnopnn an b
S T P ¥ — |
@ R L Nm@@w@ vy €OV " \.
\mov DQ% fm i
03 we S TS 7SS T TN
80¢ 0le ¢l | 91€ gle omw
A ]
| / N \/ \@J
10¢€ Sle

0oy




DK/EP 3324190 T3

S "Old

X
_>
807 o1y oy 9 8ly LTy oct | ovp
). Qum®)
- \ ollI{Hiell Tl sl Tl [[o mmwxm N
: 20r — =] (= |E ] = Ty
e N N 0z N N N N 2
0E 0l€ TE 9l 8le 0z
N J J
v v

L0€ Gle




308

422 420

i

O

FIG. 6

DK/EP 3324190 T3

402



DK/EP 3324190 T3

AU Y

80E ggy O  ZIE 9IE gl o0ce
— A N vy
v o~
108 Gie

L "Old



604

602A
(\ / 602
/
{ {
\\ 618 \)
/ v
614
A e
314
620
|/
I/
2] pﬁ
624 J"E

FIG. 8

DK/EP 3324190 T3



DK/EP 3324190 T3

618
604

A
/ /| 702
600 __—-/

\
N

o>
=]
)
=

(2]
(=)
NS}
<
T
BT
j)
=2}
NS
-h\

NS
N

704

FIG. 9



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS

