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An automated laboratory slide management and interpretation system and method in which slides are stained and then digitally
Imaged and the images are interpreted prior to referral to a diagnostician or placement in storage. The interpretation of the images
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(57) Abrege(suite)/Abstract(continued):
Involves the application of pattern recognition principles to compare the digitized images to known sample patterns from a variety of

sources. Additionally, based on the results of the interpretation, the slide may undergo additional testing or staining, and additional
samples may be prepared and tested. The specimens may be delivered to the diagnostician along with a tentative diagnosis.
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ABSTRACT

An automated laboratory slide management and interpretation system and method in
which slides are stained and then digitally imaged and the images are interpreted prior to
referral to a diagnostician or placement in storage. The interpretation of the images involves
the application of pattern recognition principles to compare the digitized images to known
sample - patterns from é variety of sources. Additionally, based on the results of the
Interpretation, the slide may undergo additional testing or staining, and additional samples
may be prepared and tested. The specimens may be delivered to the diagnostician along with

a tentative diagnosis.
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AUTOMATED SYSTEM OF PROCESSING BIOLOGICAL
SPECIMENS AND METHOD

L WS G W WS i wm wmh st MG SED SRR SN GER NS SEN v e ene val wnv chi S AR 06 AUR BN eam enn amm aam W anw Wy W D Ml e AEE EED SER AED GER EED GEF UEN GNP BEP Neer dmy VR AMR SR BN SN SN SN BN NP mams wmy vee el shM SENR AN GEEN GEEN DI D mas amm mme wnr wmm wnr oy gk O ob SR Bagh AN GE GENN GENN SN BN G NP GNP UEP G vwe siae dpes Giden sheh ofER R GIER GEEN G Bam wmw wmm e wily ER RGN

Field Of The Invention
The present invention relates to a system of processing and examining biological

specimens 1n a laboratory environment.

Background Of The Invention

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 a 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
operating theatre to laboratory and back to 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.

Various steps of the tissue handling procedures have been automated using
istruments 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
nstruments 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. Such a tissue processing systems are the TISSUE-TEK® VIP™ and the
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TISSUE-TEK® XPRESS® processing systems available from Sakura Finetek U.S.A., Inc. of

Torrance, Californa.

Another example of automation i1s an automated microscope slide coverslipper,
which applies coverslips to microscope slides in an automated fashion. An example of such
an automated coverslipper is the TISSUE-TEK® SCA™ coverslipper available from Sakura
Finetek U.S.A., Inc. of Torrance, California. A further example of automation 1n
laboratories is an automated microscope slide stainer, in which various stains, other
reagents and washes are automatically applied to batches of microscope slides. An example
of such an automated slide stainer is the TISSUE-TEK® DRS'" stainer system available
from Sakura Finetek U.S.A., Inc. of Torrance, California.

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 samples. For example, once a sample has been
stained, the sectioned stained sample on a microscope shde typically 1s physically examined
under a microscope. This typically involves transport of the microscope slide to a
diagnostictan who is located outside the laboratory, or in other cases may involve a
diagnostician going to the laboratory to examine the microscope slide. Following this
initial examination step, the diagnostician evaluates whether additional testing is required.
Such additional testing might involve collecting further samples from a patient, or further
testing of samples already collected. For example, the diagnostician may require that the
existing sample be sectioned further and a different staining regimen or other protocol be
applied. This can result 1n iterations of one or more of collection, grossing, processing,
infiltration, embedding, sectioning, coverslipping, staining, examination etc. All of this can
result in time delays, as well as tissue impairment. Following the 1terations 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 1s reached. Even with

automated instruments in these processes, there are numerous transport, and human

Interventions required.

Accordingly, there 1s a need for a system and method of biological specimen
processing and examination that increases automation and accuracy involved in automation,
reduces the amount of transport of processed specimens in the examination process, and

reduces lag times, inconvenience and potential for degradation involved in iterative
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diagnostic and processing steps. Moreover there 1s a need for increased speed in these

processes to enhance diagnosis and treatment.

Summary Of The Invention

The present invention alleviates to a great extent the disadvantages ot the known
systems and methods of automated biological specimen processing and examination by
providing an automated system in which biological specimens are processed with feedback
data provided via networked communications, and wherein diagnostic image data 1s created
and delivered to desired people, such as diagnosticians, and further instructions can be
generated for iterative processing and review, without the necessity of individual slide
review, 1f desired.

In the present system, an automated processing apparatus 1s provided to collect and
process biological samples, take 1images of the microscope data, deliver the images as
desired for review and then determine further processing steps. In one example, a specimen
1s collected and then processed as desired in order to generate stained microscope slides.
This includes automated tissue processing including paraffin infiltration, with data recorded
in a hospital or laboratory information system. The processed specimen is passed on for
embedding as desired, either in the same automated machine or 1n another one. Again, data
1s optionally generated and recorded. The embedded specimen may then be passed on for
sectioning, with data again optionally generated and recorded. The sections are positioned
on microscope slides as desired, covershipped and optionally de-paraffinized, washed and
stained in any desired order with data again optionally generated and recorded at any desired
times 1n these automated processes. The completed microscope shides are imaged under
microscopic examination, such as by using a digital camera incorporating a charge-coupled
device (CCD) mmager, and the 1image data 1s stored and delivered as desired. In one
embodiment, the image data 1s passed on to an interpretation module, such as a pattern
recognition system, which generates a preliminary diagnosis such as based on comparison
with a pattern database or pattern determination protocol(s). Generation of additional
microscope slides can be instructed automatically depending on the determination of the
interpretation system (such as additional staining, or additional sectioning, staining

coverslipping, or additional sample gathering, processing, embedding, sectioning,
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coverslipping etc.). Then additional images are created and examined using the pattern
recognition module as desired, and any additional processing may be requested.

In addition, a diagnostician, such as a surgeon or pathologist, may access the image
data and the interpretation module reports at any point during or at the end of this process,
to request additional diagnosis activity or to instruct the automated system as desired. In
one example, the diagnostician orders that additional sectioning and staining protocols be
performed. In addition, based on the image data or pattern recognition reports, the
diagnostician may request delivery of one or more microscope slides for personal
inspection. Alternatively, the system may automatically position one or more microscope
slides 1n a designated area for delivery to the diagnostician, or the system may make the
slides available 1n any other fashion, whereby examination by a diagnostician can be
performed.

In one embodiment, a “Reflex Staining” procedure is implemented. In that
procedure, the system recommends specific staining and/or testing of biological samples
based on pattern recognition reports of reports of an interpretation module.

In another aspect of the invention, the movement of both information and biological
samples are provided. For example, biological samples proceed through processing,
embedding, microtomy, staining and optional coverslipping systems, and to an imager.
Following imaging, the sample may undergo further sectioning, staining etc. prior to being
sent to a pathologist or storage. The information generated in the material processing
devices can be accessed and otherwise shared by other devices and computers, including the
interpretation module, information systems, and diagnostician work station, among others.

In another aspect of the invention, image data may be transmitted through an
information path (such as a network or plural networks) to an interpretation module, which
communicates with one or more databases and conducts pattern recognition to assist in the
automated interpretation. Once the interpretation has generated results, the system may
then route the material to undergo additional testing, request additional material to be tested,
or route the material to a diagnostician or storage facility. In one example, the diagnostician
may be notified that results are available for their consideration by electronic notification,
such as by an e-mail, computer screen pop-up announcement, banner announcement, pager
message or automated phone call. The diagnostician may consider the image data, the

Interpretation report, and/or other data, and may agree with the interpretation, disagree,
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provide other diagnosts, or order additional procedures. The diagnostician or a technician
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also can optionally intervene and override recommendations of additional procedures by the
interpretation module. -

The system may route samples in various ways. For example, the semple may be
interpreted as normal and routed to the diagnostician. The sample may alternatively be
interpreted as abnormal or diseased and routed to the diagnostician with a preliminary
finding. The sample could also be interpreted as abnormal with no identified finding or
recommendation and therefore sent to the diagnostician for assessment.

The nterpretation module can access any desired data in order to formulate its
report, in addition to the image data provided by the imaging system. For example, the
interpretation module may consider the patient’s records to determine prior conditions and

known risk factors related to various ailments. Likewise, other images within the

information system can be compared and contrasted to achieve multiple purposes, such as

assessing the pregression of a disease. Based on the information acquired in this process,
the system can monitor a pa.rticular patient’s ongoing condition, or it can be used on a
broader scale to assess epidemiological information on a large number of individuals. .

In one summary aspect of the invention, a system of processing biological
specimens 1s provided including a biological material handling system, a communication
infrastructure in communication with the material handling system, slide imaging module
and an mterpretation module in communication with the slide imaging module utilizing the
shde lmage data in order to generate an 1mtial interpretation of the image data. The sllde
1mag1ng module 1s in communication with the interpretation module either via a direct data
link (w1rel_ess or wired), via the communications infrastructure or both. In other aspects of
the invention a determination module generating staining instruction data and/or a slide
staining module carrying out at least one staining procedure and receiving said staining
instruction dafa,- and/or a sectioning device, and/or a sectioning instruction receiving
module, and/or a coverslipper module, and/or other material handling or processihg
components suitable for generating matenal image data and transferring it to either an

automated system and/or human for viewing and interpretation.
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In accordance with another aspect of the invention, there is provided
a method of processing biological specimens, comprising the steps of: providing a
slide with a biological specimen; creating an image of the specimen; comparing
the image to known information using pattern recognition technology; interpreting
the image; and after interpreting the image, determining via a processor whether
further processing of the specimen is recommended or a second specimen IS

desired.

In accordance with another aspect of the invention, there is provided
a system of processing biological specimens, comprising: a biological material
handling system; a communication infrastructure in communication with the
material handling system; a slide imaging module in communication with the
communication infrastructure, and generating slide image data; and an
interpretation module in communication with the slide imaging module utilizing the
slide image data in order to generate an initial interpretation of the image data and

o determine whether further processing is recommended or a second slide image

should be obtained.

In accordance with another aspect of the invention, there is provided
a method of slide interpretation comprising: obtaining an image of a biological
specimen; accessing a database having known information; comparing the image
to the known information using pattern recognition technology; interpreting the
image; and determining via a processor whether further processing of the
specimen is recommended or a second image of the specimen is desired to

undergo further comparison with known information.

In accordance with another aspect of the invention, there is provided
a system of processing biological specimens, comprising. a biological material
handling system; a communication infrastructure in communication with the
material handling system; a slide processing module including at least one of a
staining module and a testing module; a slide imaging module in communication
with the communication infrastructure and generating slide image data; and an
interpretation module in communication with the slide imaging module utilizing

pattern recognition technology to compare the slide image data to reference
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Image data in order to generate an initial interpretation of the image data, the
interpretation module communicating with the material handling system and the
slide processing module to return the slide to the slide processing module and
obtain additional staining or testing in accordance with the initial interpretation of
the image data, wherein the staining module, the slide imaging module and the

Interpretation module are implemented as a single automated instrument.

In accordance with another aspect of the invention, there is provided
a system of processing biological specimens, comprising: a biological material
handling system; a communication infrastructure in communication with the
material handling system; a slide preparation module; a slide imaging module In
communication with the communication infrastructure and generating slide image
data for a slide under test; and an interpretation module in communication with the
slide imaging module utilizing pattern recognition technology to compare the slide
image data to reference image data in order to generate an initial interpretation of
the image data, the interpretation module communicating with the material
handling system and the slide preparation module to prepare and image an
additional slide in response to the initial interpretation of the image data, wherein
the staining module, the slide imaging module and the interpretation module are

implemented as a single automated instrument.

These and other features and advantages of the present invention
will be appreciated from review of the following detailed description of the
invention, along with the accompanying figures in which like reference numerals

refer to like parts throughout.

ob
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Brief Description Of The Drawings

FIG. 1 is a block illustration of an overview of steps performed in an automated
system of processing and examining biological specimens in accordance with the present
invention;

FIG. 2 is a block diagram of an example of an automated system for processing and
examining biological specimens in accordance with the present invention;

FIG. 3 is ablock diagram of another example of an automated system for processing
and examining biological specimens in accordance with the present invention;

FIG. 4 is a block diagram of another example of an automated system for processing
and examining biological specimens in accordance with the present invention;

FIG. 5 is a block diagram of another example of an automated system for processing
and examining biological specimens in accordance with the present invention;

FIG. 6 1s a flow chart illustrating an example of processing steps perforfned by an
automated system for processing and examining biological specimens in accordance with
the present invention; and

FIG. 7 is a flow chart 1llustrating an example of processing steps performed by an
automated system of processing and examining biological specimens in accordance with the

present invention.

Detailed Description Of The Invention

In the following paragraphs, the present invention will be described in detail by way
of example with reference to the accompanying drawings. Throughout this description, the
preferred embodiments and examples shown should be considered as exemplars, rather than
as limitations on the present invention. As used herein, the "present invention" refers to any
one of the embodiments of the invention described herein, and any equivalents.
Furthermore, reference to various aspects of the invention throughout this document does
not mean that all claimed embodiments or methods must include the referenced aspects.

In overview, the system of the present invention involves apparatuses and systems
for performing a series of operations including tissue collection, processing, examination

and iterative processing or collection as shown 1n FIG. 1. As illustrated in box 10, a
biological sample is collected, such as via a biopsy or drawing blood. The biological

sample is conveyed to a material handling system, whether manual transport, via cart or

6



10

15

20

25

30

CA 02573732 2007-01-11

automated transport. In a hospital embodiment, the specimen may be delivered to a medical
laboratory, whether on-site or at a remote location. A specimen, or group of specimens, 1s
processed into a condition suitable for desired examination, as illustrated with box 20.

There are numerous possibilities for processing the sample for such examination.
For example, a blood sample might be drawn and a small amount positioned on a
microscope slide and coverslipped, such as done in a hematology laboratory. Optional
staining or other testing protocol may then be performed. In the embodiments illustrated in
FIGS. 2-5, a tissue sample may be processed into a condition suitable for examination, such
as for example being infiltrated and embedded with paraffin, sectioned, stained/tested,
positioned on a microscope slide, and coverslipped. Generally speaking, the system
provides for the processing of a biological sample sufficiently to enable imaging in an
1maging module, and examination of image data and/or the sample by a diagnostician. It
should be noted that, as used herein, “diagnostician” refers to any person who may wish to
view 1mage data, such as pathologists, surgeons, nurses, researchers, technicians and
administrators.

After a sample, or group of samples, is prepared for examination, it may be
examined and the data may be made available to a diagnostician and/or an interpretation
module, as 1llustrated with box 30. In an embodiment, the examination is conducted
optically such as via microscope, but other forms of examination may also be performed.
Image data may be created, such as using a digital imager including CCD technology. The
image data preferably is made available for access by a diagnostician if desired, and
optionally the diagnostician is notified such as by electronic notification, such as by an e-
mail, computer screen pop-up announcement, banner announcement, pager message or
automated phone call. In a preferred embodiment, the image data may also be accessed, or
otherwise made available, to an interpretation module. The interpretation module conducts
digital processing, such as by using pattern recognition technology in order to develop a
prehminary diagnosis, and generates instructions or recommendations for additional
processing. The additional processing, illustrated with box 40, may include collecting
additional biological samples, or further processing samples already collected such as
running additional or different test procedures or staining protocols (as illustrated in boxes
10 and 20). Then examination, imaging and interpretation of the sample may be continued

until the system or diagnostician deems it to be complete. These repeated tests and
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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
comparnson 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.

FIGS. 2-5 illustrate examples of automated systems for processing and examining
biological specimens 1n accordance with the present invention. In these figures, information
pathways are 1llustrated with solid lines and/or arrows and maternial pathways are 1llustrated
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.
Although the illustrated examples are described in relation to tissue, the described systems
are not so limited. As used herein the biological material will be referred to interchangeably
as a specimen, sample or material.

In the 1llustrated 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 to the next is depicted by the direction of the
arrow. However, 1t 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 the practice of the present
invention.

Any form of transport may be used that is sufficient to transport the material as
indicated by the material pathways. For example, material may be robotically transported
from one station to the next. It 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.

In the embodiment of FIG. 2, a grossing station 1080 is provided in which a tissue
grossing operation may be performed. Of course, it should be appreciated that grossing is
not always a requirement, especially in the case of processing biological fluids. After the
grossing station, a sample in the illustrated example may travel on material path 1087 to a

processing and embedding station 1090.
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The processing and embedding station may include manual or automated processing
leading to a paraffin infiltrated and embedded sample. It should be appreciated that
processing and embedding system 1090 may include multiple pieces of automated
processing equipment, or it may include a combination of one or more pieces of automated
processing equipment with manual processes. In one example, an automated tissue
processor is used at the processing and embedding station 1090. In another embodiment an
automated embedding instrument is used. In another embodiment, these instruments are at
two different locations and there is a material pathway (not shown) between them.
Alternatively, they may be incorporated in a single instrument, or can be in two instruments
with automated transport between. The same is true of all the processing stations discussed
herein, namely that they can be combined and automated as desired. This reflects the
flexibility of the present system in that it is adaptable to any of the numerous automated
solutions available, under development, or conceivably developed in the future.

Following processing and embedding system 1090 the material may be transported
along path 1097 to a microtome station 1100, also referred to as “microtomy”. Matenal
sections, or slices, are created in microtome station 1100, although 1t should be understood
that any technology of creating sections thin enough for microscopic examination may be
used. It should be appreciated that if thin matenal sections are not needed for examination
microtomy would not be necessary.

In a typical practice of the invention, sections created in microtome station 1100 are
positioned on microscope slides. Following microtomy 1100, the biological tissue sections
(and slides) may move along pathway 1107 to a staining system 1110. Any staining or
other test protocol may be performed as desired. In a preferred embodiment, an automated
stainer is used. In an example, staining with hematoxylin and eosin (“H & E”) 1s performed
in a staining system 1110. Following staining, the samples may be transported along
material path 1117 to a coverslipper system 1120 to be coverslipped. It should be
appreciated that coverslipping and staining are both optional and, i1f included, may be

performed manually or automatically.

In the embodiment shown in FIG. 2, staining system 1110 1s located before
coverslipper system 1120 along the material path, however this ordenng is not required, and
the steps associated with those systems could be performed in other orders. In one

particularly desirable example, coverslipper system 1120 1s located before staining system
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1110. In this example, a coverslip may be applied to a microscope slide and then the
covered slide may be transported to staining system 1110. After staining the slide may
proceed to an imager 1130.

In an embodiment, the coverslipper and staining systems are automated and
combined in a single automated device. In another alternative, a coverslipper system 1s not
required. In still another embodiment, the coverslipper system 1120 1s located
downstream of the imager 1130 in the material path. It therefore should be understood that
if a coverslip is applied, that application may occur at any desired location, either betore or
after imaging and before or after staining. Generally speaking, following coverslipper
system 1120, the pre-examination processing 1s complete, and the tissue sample(s) are ready
for the examination processing.

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 a communications infrastructure 1200. It should be noted
that communications infrastructure 1200 may be any form of communication system
enabling communications between and amongst individuals, computer systems and/or
automated processing systems. In an example, 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 1llustrated example shows a networked system
in which communications are performed via a network, direct communications also may be
conducted. For example in one embodiment, processing and embedding system 1090 may
have a direct communications link with staining system 1110 and may access the
communications network via a node 1n staining system 1110, or alternatively it may have a
direct network link. It should be understood that any suitable communications pathway
structure 1s envisioned which would enable suitable sharing of information between and
amongst various system components. Likewise, 1t should be understood that, in other
embodiments, not all of the system components 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.

In an embodiment, a laboratory network may be provided as the portion of the

communications infrastructure 1200 between and amongst the laboratory instruments,
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depicted with reference numbers 1080, 1090, 1100, 1110, 1120, 1130, 1230, and also

the laboratory information system 1220 and other work stations 1240 and 1245 (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 the communications infrastructure 1200. In such an
embodiment, other devices may have access to the information available on the laboratory
information system 1220 or other laboratory devices via the communications infrastructure
1200. Such other devices include for example, diagnostician or administrator work stations
1240, a hospital information system 1210, and in some embodiments the interpretation
module 1230 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 sclecte'ﬁ
to meet this neéd, and the illustrated and discussed examples are provided .for' 1Hustrative
purposes only, not to limit the scope or flexibility of the system.

Referrihg to the illustrated examble, information pathway 1085 represents an
example of a commumcations pathway between the grossing station 1080 and any other
desired component via communications infrastructure 1200. Likewise, communications
pathways 1095, 1105, 1115, 1125, 1135, 1155, 1215, 1225, 1235, 1245, 1255 and 1265

represent examples of communications pathways between processing and embedding

- stations 1090, microtomy 1100, stamning system 1110, coverslipper system 1120, imager

1130, storage facility 1150, hoépital information system 1210, laboratory information
system 1220, Interpretation mOdulé 1230, diagnostician work st.ation‘ 1240, technician work
station 1250, and/or local or remote data storage 1260, or any other desired component.

The sharing of information may be automated, manual Qr éonceptlial'. For ex_amplé,'
information may be shared directly by two machines in communjcétiO-n 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
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another embodiment, each station in the material path is capable of communicating via the
communications infrastructure 1200 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.

In another embodiment of the invention, biological specimens, containers,
workpieces, and locations throughout the system may be identified with machine
understandable codes, such as provided by RFID tags, shape identifiers, color identifiers,
numbers or words, other optical codes, barcodes etc. The i1dentifiers can be recorded to
generate data provided to a database, such as data maintained in data storage device 1260,
by a PC (any computing devices), hospital information system 1210, laboratory information
system 1220 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 samples, processes
performed on the samples, reagents applied to the samples, diagnoses made, associated
images and so on.

The next step performed by the automated system for processing and examining
biological specimens is examining the specimen. In that step, the biological sample is
received by imager 1130 after being processed for imaging as desired. In the example
1llustrated 1n FIG. 2, the processing is sufficient once the desired staining has been
completed, such as in staining system 1110, and optionally a microscope slide has been
applied (either before or after staining) in coverslipper system 1120. At least one image of
the matenal specimen is obtained by imager 1130. Imager 1130 may include one or more
imagers. The imager can be any system that generates images that can be interpreted in
interpretation module 1230. In the illustrated embodiment, imager 1130 includes a
microscope and a camera capable of recording digital images of the microscope’s view
field. For example an optical 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 the interpretation module 1230, diagnostician work station 1240 and/or

technician work station 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 device associated with the imager 1130 (such as hard drive, removable memory,

flash memory, optical memory such as CD or DVD etc.), and/or networked memory such as
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diagrammatically illustrated by data storage 1260. It should be noted that any form of
information may be generated by the imager 1130, in addition to the image data. For
example the imager 1130 may optionally associates 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.

The type of information generated 1s intended to be sufficient for the interpretation
module 1230 to perform its interpretation processing and generate the desired report. The
interpretation module 1230 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 the imager
1130, part of the hospital information system 1210, part of the laboratory information
system 1220, or it may be in any location where data may be received from the imager
1130. Although the figures depict a single interpretation module 1230, it should be
understood that plural interpretation modules 1230 also may be used. In further examples,
diagnostician work stations 1245 may include interpretation modules 1230 or interpretation
module clients that enable the diagnostician to locally conduct an interpretation based on
the data available including, without limitation, image data from the imager 1130.

In the embodiment of FIG. 2, the interpretation module(s) 1230 is in communication
via the communications infrastructure 1200. Interpretation module 1230 may access data as
desired, whether directly from the imager 1130, via data storage facility 1260, 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 the interpretation module 1230. In
one form of pattern recognition, image data from the imager 1130 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 the interpretation module 1230, or located
externally, such as for example in data storage 1260 or laboratory information system 1220.

Following imaging in the imager 1130, the further processing of the imaged sample
may be routed either as directed by a technician, diagnostician or other person, or preferably
as automatically indicated by the interpretation module 1230. The interpretation module

1230 for example is configured to determine whether the particular sample needs to

13



CA 02573732 2010-03-09

.’ 69956-116

undergo additional processing, in which case it may proceed along material pathway 1147,
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or alternatively that it should go to a storage facility 1150, in which case it proceeds along
material pathway 1157, or alternatively that it should go to a diagnostician or other
personnei for personal inspection, in which case it proceeds along material pathway 1137, 1247.
In the 1llustrated example, where the sample proceeds for additional processing, sample is;
returned to stamer 1110 via pathway 1147 where it may undergo other operations such as
special staiming, immunohistochemistry (“IHC”), in situ hybridization (“ISH”), multiplexing
or other staining or testing procedures. Subsequently, the sample may proceed along the
material path as already discussed, for example, back to the imager 1130. Ultimately it is
desired that the tested and imaged sample be stored as indicated by storage 1150. In this
example, after personal inspection by a diagnostician or other person, the sample may be

returned for further processing, such as to staining system 1110 or for storage, such as in

~ storage facility\ 1150. Later, the processed sample can optionally be retrieved from the

storage facility 1150 1f desired.

The work stations, such as diagnostician work stations 1240 or other work stations,
such as technician work stations 1250 can have any desired structure, including computing
systems in communication via'the communications infrastructure 1200 with other
components of the system. The work stations may optionally also include other
components that might be useful in a work area, such as material storage units, fumniture,
phones etc. Inan embodiment, the work stations 1240, 1250 provide access to information

concerning the processmg of blOlO glcal samples and the results of the processing, 1ncludmg.-

image data from the imager 1130 and interpretation data or reports from the interpretation

module 1230.

Othe_r exah1pl’e$: of systems for processing biological specimens are illustrated in
FIGS. 3, 4 and 5. FIG. 3 illustrates an embodiment in which a reflex staining m_odule-2300,. --
includes staiﬁin’g-system 111 0 imager 1130 and interpretation module 1230, which are
grouped ioget-her and implemented as a single automated ilistrumeht, a rcﬂex staining
module 2300. Alternatively, they may be in separate instruments at different locations. The
pre—exa.mmatlon processmg may be performed by instruments both inside and outside the

reflex staining module 2300, such as for example in grossing 1080, processing and

embedding system 1090, microtomy 1100 and staining and coverslipping systems 1110,

1120. Asalready dlscussed, it should be understood that coverslipping and staining canbe
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located in any desired order or alternatively in a single instrument. Two staining systems
are illustrated as a part of the staining system 1110 in this embodiment In particular,
staining system 1110 includes H&E/SS staining and covershipping 2110 and [HC/ISH

- staining and coverslipping 2160. At H&E/SS staining and coverslipping 2110, the

biological sample may undergo H & E or special stain (“SS™) staining and optional
coverslipping. At IHC/ISH Staining & Coverslipping 2160, the material may undergo
immunohistochemistry (“IHC”) or in situ hybridization (“ISH”) staining, and a coverslip
may optionally be applied to the slide. Other staining or testing protocols also can be
performed. Following the stainer/coverslipper 1110,1120, the biological sample proceeds
along material pathway 1117, 1127 to the imager 1130 within the reflex staining module 2300
should be understood that the material pathway 1117 is optional and the sample may remaiﬁ
stationary or may move to an intermediate location, at which image data is created by
imager 1130. ‘

In the illustrated example, the image data proceeds_ along data path' 2135 to
intérpretation module 1230, located in the reﬂexstaining umt 23 00. Alth"ough a direct data
path is indicated, it éhould be understood that communication by any of the apparatlis
discussed previously, including networks, may be used to provide data to the Interpretation
module 1230, or to provide an access location at which the interpretation module 1230 can
access data,-Such as a local or remote data storage module 1260. Although communications
infrastructure 1200 is not'.illus.tr_atéd in FIG. 3, it should be understood that the various

components have data pathways to a communications infrastructure 1200 or alternatively

between and amongst one another. In-this: example there is depicted an information

pathway 2305 between the di:_ig1105tician work station 1240 and the reflex staining module
2300 -and an information pathway 2175 between a storage facility 1150 and the reflex

~ staining modulé 2300. It should be understood that these can be 'direét’.info'rmation

pathways as illustrated or altemaﬁifely indirect pathways .via a communications

infrastructure 1200 not shown in FIG. 3. Subsequent processing of the biological sample

alsocan be performed as indicated by the interpretation module 1230 diagnostician or other

It

person, in the iterative processihg discussed previously. FIG. 3 also depicts information pathway

2136, 2235 between the interpretation module 1230 and cover slipping system 1110, 1120 and a

material pathway 2157 between the diagnostician work stations 1240 and storage 1150.

FIG. 4 depicts another altemative embodiment of a material and information handling
apparatus in which the present invention may be implemented. Similar to the
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previously described embodiments, thin solid arrows are used to denote pathways of
information, as defined above, such as information path 31035, information path 3175, and
information path 3235. In addition, thicker hollow arrows are used to denote material
pathways, as defined above, such as material path 3087, material path 3097, materal path
3107, material path 3177, material path 3157, and material path 3237.

The embodiment shown in FIG. 4 has many similarities to the embodiment shown 1n
FIG. 3. Briefly, material proceeds from grossing 1080 to processing and embedding 1090
to microtomy 1100 and then to reflex staining 3300. From Reflex Staining, the matenal
may be sent to diagnostician work station 1240 or storage 1150, and between those two
stations. Each of those stations has the same description and matenal and information
sharing characteristics as the corresponding station discussed above 1n relation to FIG. 3.

The system 1llustrated in FIG. 4 demonstrates that multiple tissue collection and
pre-examination processing systems may be combined in a larger system. Thus, in a single
laboratory, multiple grossing stations 1080, processing and embedding stations 1090 and/or
microtomy 1100 may exist. Likewise, more than one reflex staining modules 3300 station
may exist, all of which may be in communication with the pathologist through diagnostician
work station 1240. In a preferred embodiment, the system shown 1n FIG. 4 1s largely
automated, providing a highly efficient laboratory without any significant increase in
manpower.

Referring now to FIG. 5, another altemative embodiment of a matenal and
information handling system 1s depicted in which the present invention may be
implemented. Thin solid arrows are used to denote pathways of information, as defined
above, which include information path 41035, information path 4155, information path 4175,
information path 4205, information path 1225, information path 1245, and information path
4305. Thicker hollow arrows are used to denote material pathways, as defined above,
which include matenal path 1087, material path 1097, matenal path 1107, material path
4157, material path 4177, and matenal path 4237.

Briefly, material proceeds from grossing 1080 to processing and embedding 1090 to
microtomy 1100 and then to reflex staining system 4300. From reflex staining system
4300, the material may be sent back and forth between diagnostician review 4150 and/or

storage 4170, and also between each of those two stations. Each of these stations has the
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same description and material sharing characteristics as the corresponding station discussed
above 1n relation to the embodiment of FIG. 3.

The embodiment shown in FIG. 5 includes laboratory communication infrastructure
4400, which allows information to be communicated between two or more stations. As
shown here, this communication may occur between microtomy 1100, reflex staining
system 4300, diagnostician workstation 4150 located within the material path, diagnostician
work station 1240 located outside the material path, storage 4170, laboratory information
system 1220, and communications infrastructure 4200.

Communication infrastructure 4200 provides communication of information to other
locations in the hospital and may provide communication of information to external
locations, such as universities, other hospitals, remote facilities, and the internet. It should
be understood that communication path 4205 between laboratory communication
infrastructure 4400 and communication infrastructure 4200 is optional. If communication
path 4205 1s removed, the material and information handling apparatus embodiment shown
In FIG. 5 becomes a closed system and may still operate to evaluate material samples and to
provide findings based on the self-contained databases, such as in laboratory information
system 1220 or any database within reflex staining system 4300 or any other station in
communication with the laboratory communication infrastructure 4400. Hence, removal of
information path 4205 results in a stand-alone laboratory material and information handling
system. '

In FIG. 6, a method of processing and examining a biological specimen in an
automated system 1s shown. First, in step 5100 a specimen, such as a tissue sample, is
collected for testing. This step may involve collecting a sample such as by biopsy or
drawing a fluid from a patient or otherwise excising a sample from a patient. Next, step
5110 requires that the sample be processed for sectioning. The processing step may require
that the material undergo procedures, such as freezing or paraffin-embedding.

Next, a section 1s created, such as with a microtome or other sectioning device, as
shown in step 5120. Once sectioned, the material is then placed on the slide, and may
undergo H & E staining. as shown by steps 5130 and 5140. Two pathways are shown with
these steps to illustrate the optional order these steps may be performed. Following these
procedures, a coverslip optionally may be placed on the slide in the optional coverslipping

step 5150.
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Imaging 5160 1s the next step shown in the flow chart of FIG. 6. In this step, one or
more 1magers are preferably used to obtain one or more images of the matenal that can be
compared to other images or information. In a preferred embodiment, a stained slide 1s
positioned under a microscope and at least one digital color image is created. In the next
step, the 1image 1s interpreted using pattern recognition as shown in step 5170, which
involves the use of automated pattern recognition technology to interpret the image and
provide an initial assessment of the material. In a preferred embodiment, an interpretation
module (not shown) would be used to accomplish this step, as discussed below. Based on
the results of the interpretation, the next step, step 5180, queries whether the particular
material that was imaged should undergo further testing or staining. Preferably, this step
determines whether the interpretation results include any unidentified abnormalities. If so,
and 1f the system determines that additional staining or tests on the slides may help identify
the abnormality, then the slide undergoes the additional staining or tests as indicated by step
5190. Next, the slide 1s sent back to the imaging step 5160 where the process may be
repeated.

After the interpretation has identified the material as normal, abnormal with a
recognized abnormality, or abnormal with an unrecognized abnormality requiring no
additional testing, the decision from Other Tests Required on Slide Based on Interpretation?
step 5180 results 1n a “no” response. Once a “no’ result occurs, the material and slide can
be sent to the diagnostician or stored in the end step Send Slide to Pathologist or Storage
5210, discussed in more detail below. Additionally, a “no” result from Other Tests
Required on Slide Based on Interpretation? 5180 step also advances the process to the next
decision step, which determines if additional sections are required based on the
Interpretation, as shown in step 5200.

Step 5200 queries whether one or more additional slides should be prepared to
undergo additional testing. This step 1s answered 1n the affirmative in the event that the
material under consideration was found to be abnormal and further testing of other samples
1s desired. A “yes” response from step 5200 returns the process to the earlier step 5120 of
creating a tissue section and the process 1s continued from that step. In another embodiment
of this system, several sections of biological material initially may be prepared at step 5120.
In that embodiment, an affirmative response from the Other Sections Required Based on

Interpretation? step 5200 directs the staining of one of the already prepared slides.
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Still referring to the Other Sections Required Based on Interpretation? step 5200 of
FIG. 6, when no further testing 1s recommended on the material from which the section or
sections have been 1imaged, a “no” response i1s generated and the material is either sent to
the pathologist or to storage. This final step 5210 is to send the slide to a diagnostician or
storage. In the event that multiple slides undergo imaging, a preferred system provides
temporary storage of the individual slides until the process 1s complete, at which time all
shides and information regarding the preliminary findings and determinations may be
communicated to the diagnostician en masse.

In an alternate embodiment, each slide 1s sent to storage in the end step and the
images, interpretations, and other information are sent to the diagnostician in a piecemeal
tashion. For example, this embodiment may deliver information electronically to the
diagnostician’s computer so that the diagnostician has real-time access to information and
the progression of the system operation. At the conclusion of all imaging and evaluation of
the biological material, a message can be communicated to the diagnostician advising of the
completion of the process.

Once the pathologist or other diagnostician has reviewed any or all of the
information communicated by the process shown in FIG. 6, that person may recommend
further testing on the material previously studied or request that further material be
collected, processed, or sectioned in order to undergo additional testing. Under these
circumstances, the diagnostician can initiate the process from the appropriate step of the
flow chart.

The flow chart shown in FIG. 6 may be modified with the addition of pre-defined
staining protocols that produce a number of slides and are based on the organ or pre-
1dentified medical condition. For example, the laboratory may choose to routinely perform
a panel of three stains on breast tissue samples, such that all slides will be imaged and
interpreted prior to the review by the pathologist or diagnostician.

FIG. 7 depicts an example of a method for interpreting image data by an
interpretation module (not shown), and specifically as used in accordance with step 5170 of
the embodiment of the present invention shown in FIG. 6. As in FIG. 6, the arrows in FIG.
/ represent advancement from one step to the next, as opposed to specific movement of

material or information.
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The interpretation module system begins with the receipt of image information from
imaging step 5160, as shown in step 6100. Preferably, this image data information 1s
automatically transferred between the devices.

After the interpretation module receives the image data, it may gather information
from one or more available databases in access database step 6110. The databases may be
included in a hospital information system, a laboratory information system, and/or a patient
database, such as those discussed above.

Information from the databases may be filtered or screened as desired in the optional
narrowing classification step 6120. In this step, criteria may be utilized to focus the
database information to specific data, or alternatively to exclude certain data from the
database information. For example, information regarding tissue type may be used to
confine the communications to information concerning tissue of the same type of matenal.
As another example, the communicated information may focus on images taken of prior
samples from the same patient in order to facilitate tracking the progression of that person’s
particular condition.

Once the interpretation module has access to the database and any optional
narrowing criteria has been applied, it may proceed to the conduct pattern recognition step
6130. in that step, the image data of the sample 1s compared known information from the
database or databases. After the comparison 1s made, the next step 6140 requires an
interpretation in which the interpretation module may provide a preliminary finding based
on the comparisons made during the pattern recognition. The system may optionally repeat
the method by returning to the access database step 6100 one or more times before
proceeding.

In a preferred embodiment, the interpretation step 6140 also generates information

relating to whether additional tests or staining should be conducted on the already tested
samples and/or whether additional samples should be tested. The information generated can
assist a diagnostician or the system in making decisions later in the flow chart shown 1n
FIG. 6. The generated information may include, for example, the types of additional tests or
procedures that should be performed. In any event, the interpretation module preferably
communicates 1ts assessments, preliminary findings, recommendations, and other
information to the communications infrastructure, laboratory communications

infrastructure, or other appropriate components, as discussed above. Following the
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interpretation of the pattern recognition data, the next step requires the sample to be
advanced to the step of determining whether additional tests are required, shown as step
5180 in FIG. 6. -

Thus, a slide management and interpretation system and method are provided. One
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 tﬁat follow. It
1s noted that equivalents for the particular embodiments discussed in this description may

practice the invention as well.
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CLAIMS:

1. A system of processing biological specimens, comprising:
a biological material handling system;

a communication infrastructure in communication with the material

handling system;

a slide imaging module in communication with the communication

infrastructure, and generating slide image data; and

an interpretation module in communication with the slide imaging
module utilizing the slide image data in order to generate an initial interpretation of

the image data and to determine whether further processing is recommended or a

second slide image should be obtained.

2. The system of processing biological specimens of claim 1, further

comprising:
a determination module generating staining instruction data;

a slide staining module carrying out at least one staining procedure

and receiving said staining instruction data.

3. The system of processing biological specimens of claim 2, further

comprising:
a sectioning device; and
a sectioning instruction receiving module.

4. The system of processing biological specimens of claim 3, further

comprising a coverslipper module.

5. The system of processing biological specimens of claim 1 wherein
the interpretation module Is in communication with the slide imaging module via

the communications infrastructure.
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0. The system of processing biological specimens of claim 1 wherein

the interpretation module is in communication with the slide imaging module via a

direct data path.
7. A system of processing biological specimens, comprising:
a biological material handling system;

a communication infrastructure in communication with the material

handling system;

a slide processing module including at least one of a staining module

and a testing module;

a slide imaging module in communication with the communication

infrastructure and generating slide image data; and

an interpretation module in communication with the slide imaging
module utilizing pattern recognition technology to compare the slide image data to
reference image data in order to generate an initial interpretation of the image
data, the interpretation module communicating with the material handiing system
and the slide processing module to return the slide to the slide processing module
and obtain additional staining or testing in accordance with the initial interpretation
of the image data, wherein the staining module, the slide imaging module and the

interpretation module are implemented as a single automated instrument.

8. The system of processing biological specimens of claim 7, further
comprising a determination module generating staining instruction data for

carrying out at least one staining procedure in the staining module in accordance

with said staining instruction data.

9. The system of processing biological specimens of claim 8, further

comprising:
a sectioning device,; and
a sectioning instruction receiving module.
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10. The system of processing biological specimens of claim 9, further

comprising a coverslipper module.

11. The system of processing biological specimens of claim 7, wherein
the interpretation module is in communication with the slide imaging module via

the communications infrastructure.

12. The system of processing biological specimens of claim 7, wherein

the interpretation module is in communication with the slide imaging module via a

direct data path.
13. A system of processing biological specimens, comprising:
a biological material handling system;

a communication infrastructure in communication with the material

handling system,;
a slide preparation module;

a slide imaging module in communication with the communication

infrastructure and generating slide image data for a slide under test; and

an interpretation module in communication with the slide imaging
module utilizing pattern recognition technology to compare the slide image data to
reference image data in order to generate an initial interpretation of the image
data, the interpretation module communicating with the material handling system
and the slide preparation module to prepare and image an additional slide in
response to the initial interpretation of the image data, wherein the staining

module, the slide imaging module and the interpretation module are implemented

as a single automated instrument.

14. The system of processing biological specimens of claim 13, further
comprising a determination module generating staining instruction data for
carrying out at least one staining procedure in the staining module in accordance

with said staining instruction data.
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13. The system of processing biological specimens of claim 14, further
comprising:
a sectioning device; and
a sectioning instruction receiving module.
16. The system of processing biological specimens of claim 15, further

comprising a coverslipper moduie.

17. The system of processing biological specimens of claim 13, wherein

the interpretation module is in communication with the slide imaging module via

the communications infrastructure.

18. The system of processing biological specimens of claim 13, wherein

the interpretation module is in communication with the slide imaging module via a

direct data path.

19. The system of processing biological specimens of claim 13, wherein
the additional slide is at least partially prepared concurrently with the slide under

test.
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