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[HC Deparaffinization Process:

Process Protocol Step  |Time (min)| Temp C| Waste Segregation
Deparaffinization Switch Hazardous Waste
Histoclear 5
Drain
Histoclear 5
Drain
Re-Hydration 100% Ethanol 5
Drain
100% Ethanol 5
Drain
95% Ethanol 5
Drain
95% Ethanol 5
Rinse - Water 3
Switch Non-Hazardous Waste
Target Retnieval Target Retrieval 20 95
Target Retrieval 20 S5
Cool
Rinse - Water 5 RT
Enzyme/Antibody | Peroxide Block 5
Application Enzyme 5
Pretreatment
Rinse - Buffer
Pre-Diluted 10
Antibody
Rinse - Buffer
EnVision-HRP 10
Chromogen/ Rinse - Buffer
Counterstain Switch Hazardous Waste
Treatment DAB 5
Rinse - Buffer
Hematoxylin 5
Rinse - Water
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ENHANCED SCHEDULING SAMPLE
PROCESSING SYSTEM AND METHODS OF
BIOLOGICAL SLIDE PROCESSING

[0001] This is a continuation of application Ser. No.
10/539,561, filed Jun. 16, 2005, which is a United States
National Stage of International Application No. PCT/
US2003/040591, filed Dec. 19, 2003, which claims the ben-
efitunder 35 U.S.C. §119(e) of U.S. Provisional Application
No. 60/435,601, filed Dec. 20, 2002, all of which are incor-
porated herein by reference.

TECHNICAL FIELD

[0002] This application relates to the field of sample pro-
cessing systems and methods of scheduling an aggregate of
events for the processing of samples or the process system.
The present invention may be directed to the automated pro-
cessing, treatment, or even staining of samples arranged on
carriers, such as slides, and in some embodiments, directed to
the continuous or batch processing of samples and carriers.
Embodiments may further relate to control systems for
sample processing and data input, acquisition, maintenance,
and retrieval for sample processing. Applications to which the
present invention may especially relate include immunohis-
tochemistry, in-situ hybridization, fluorescent in-situ hybrid-
ization, special staining, and cytology, as well as potentially
other chemical and biological applications.

BACKGROUND

[0003] Sample processing in immunohistochemical (IHC)
applications and in other chemical and biological analyses
may require one or a number of various processing sequences
or protocols as part of an analysis of one or more samples. The
sample processing sequences or protocols may be defined by
the individual or organization requesting an analysis, such as
a pathologist or histologist of a hospital, and may be further
defined by the dictates of a particular analysis to be per-
formed.

[0004] In preparation for sample analysis, a biological
sample may be acquired by known sample acquisition tech-
niques and may comprise, for example in IHC applications,
tissues generally or even in some applications one or a plu-
rality of isolated cells, such as in microarray samples, and
may be presented on a sample carrier including but not lim-
ited to microscope slides. Furthermore, the sample may be
presented on the carrier variously and potentially in some
form of preservation. As one example, a sample such as a
layer or slice of skin may be preserved in formaldehyde and
presented on a carrier with one or more paraffin or other
chemical layers infiltrating the sample.

[0005] Immunologic applications, for example, may
require processing sequences or protocols that comprise steps
such as deparaffinization, target retrieval, reagent application,
and staining, especially for in-situ hybridization (ISH) tech-
niques. In some applications, these steps may have been per-
formed manually, potentially creating a time-intensive proto-
col and necessitating personnel to be actively involved in the
sample processing. Even when performed automatically,
there have been inefficiencies in such systems. Attempts have
been made to automate sample processing to address the need
for expedient sample processing and a less manually burden-
some operation. However, such previous efforts may have not
fully addressed certain specific needs for an automated
sample processing system. Previous efforts to automate
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sample processing may be deficient in several aspects that
prevent more robust automated sample processing, such as:
the lack of sufficient computer control and monitoring of
sample processing; the lack of information sharing for pro-
cessing protocol and processing status, especially for indi-
vidual samples; the lack of practical information input and
process definition entry capabilities; the lack of diagnostic
capabilities; and the lack of real-time or adaptive capabilities
for multiple sample batch processing.

[0006] Past efforts at automated sample processing for
samples presented on carriers such as slides, such as U.S. Pat.
No. 6,352,861 to Ventana Medical Systems, Inc. and U.S. Pat.
No. 5,839,091 to LabVision Corporation, have not afforded
the various advantages and other combinations of features as
presented herein.

[0007] One of the various aspects that may be significant to
users of automated process systems is that of allowing
changes to the processing while it is ongoing. In this regard,
it has often been considered that operators have to allow
existing sequences to finish before inserting or changing the
aggregate in some manner. In addition, operators often have
needed particular knowledge and skills in order to assure the
integrity of the process or instrument or result. The present
invention seeks to reduce such effects to some degree and
seeks to provide a system that may be considered more user,
operator, supplier, or manufacturer friendly and may be
adaptable to real-world conditions and events.

DISCLOSURE OF INVENTION

[0008] The present invention presents an automated sample
processing system that may greatly improve operation of
automated sample processing from several perspectives. It
may act to accept changes to the system while operating and
may automatically adapt to a change in the aggregate events
originally scheduled. It also may provide a better approach to
just how such scheduling may occur as well as providing a
user opportunities to undo a change such as when its effect is
undesirable. The system may also provide for automatic sug-
gestions to permit an operator to more optimally enhance the
schedules on which events occur. As described, sample pro-
cessing can be accomplished as disclosed herein. In providing
this disclosure, it should be understood that the various
examples and designs disclosed for sample processing and
other disclosed techniques, are not meant to limit the present
invention to any particular embodiment, whether apparatus,
method, or otherwise. These descriptions are provided rather
to describe various sample processing techniques in a manner
in which the present invention can be understood. The
descriptions incorporated by reference and the various
examples should not be construed to limit the present inven-
tion to only such techniques. This disclosure, however, may
be understood to incorporate the various techniques in the
context of the various embodiments of the present invention.
[0009] The techniques and systems of sample processing
are addressed in a fashion that may provide the processing of
one or more samples or of a plurality of groups of one or more
samples in sequential or non-sequential fashion. Processing
of' samples may be determined by the protocol to be followed
for each sample or a protocol for multiple samples. Aspects of
the present invention may be especially applicable to sample
processing having one or a plurality of processing steps to be
performed on one, a portion, or an entirety of samples, such
protocols identified in some instances by individual carriers
presenting the samples or by the individual samples them-
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selves. As mentioned, the present invention may be especially
applicable to immunohistochemistry (IHC) techniques, as
well as in-situ hybridization (ISH) and fluorescent in-situ
hybridization (FISH), special staining of samples, and
microarrays; especially techniques incorporating target
retrieval or the staining of samples. Furthermore, embodi-
ments may be directed to processing sequences addressing
issues of processing control.

[0010] Embodiments of the invention may further relate to
automated control systems for sample processing. Embodi-
ments may also be directed to data acquisition, input, main-
tenance, and retrieval for sample processing, as well as infor-
mation sharing of processing protocol and processing
information, and real-time or adaptive capabilities for pro-
cessing.

[0011] To disclose the foregoing and other objects and in
accordance with the purposes of the present invention, as
broadly embodied and described herein, the present invention
is characterized in various claims and in explanatory disclo-
sure. None of these should be understood as limiting. Further,
all claims presented at any time are incorporated in the speci-
fication to afford all opportunities of presentation. Claims
potentially to be pursued for some of the initially presented
aspects of the invention may include any aspects described.
[0012] To achieve the foregoing and other objects of inven-
tion, and as may be further disclosed and claimed throughout
this description, the invention may comprise an automated
sample processing system comprising a plurality of drawers,
a plurality of sample carrier elements that may even be each
removably configured with one of the drawers, and an adap-
tive or other sample processing control system. The sample
carriers may be both movable and removable. The sample
processing control system may automate the sample process-
ing system such that one or more samples may be processed
according to one or more protocols, potentially indicated by
information on slides or otherwise input to the system. This
sample processing may comprise one or more sampling pro-
tocols and steps, such as deparaffinization, target retrieval,
and staining.

[0013] A sensor may be provided in some embodiments
that may automatically identify information from one or more
samples, sample carriers, or slides. In embodiments, protocol
information may be provided or made available by the sample
processing control system. The sample processing system
may then process one or more samples or perhaps slides, or
one or more batches of slides, concurrently, sequentially, or in
any other temporal fashion, potentially in accordance with
protocol information previously provided for a sample by a
user or other decision maker. This information can then be
made available for use by the sample processing control sys-
tem. Sample batches or individual slides may even be inserted
or removed during processing protocol steps by the control
and monitoring accomplished by the adaptive sample pro-
cessing control system.

[0014] Another embodiment of the present invention that
may achieve the foregoing and other objects of invention may
comprise a method of sample processing, comprising the
steps of: accessing at least one of a plurality of samples or
sample drawers, providing at least one sample carrier or per-
haps a sample carrier retainment assembly configured with at
least one sample, configuring at least one of the drawers with
the at least one sample carrier, and adaptively processing the
sample. The step of processing or perhaps even adaptive
processing may be applied to automate the processing of
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samples and may allow for either or both continuous or batch
processing of samples or slides. It may also afford multiple
independent sample or slide processing and in some embodi-
ments slide processing to process each slide independently.
[0015] Embodiments of the invention may further com-
prise a method of automated sample processing, comprising
the steps of: acquiring or accepting or accessing information
such as protocol or reagent information, transmitting such
information to at least one sample processing system or even
a stand alone processing system, and processing samples.
Furthermore, embodiments may provide: for handling, main-
taining, sharing, and using the sample processing informa-
tion. These and other aspects may be provided for individual
samples or multiple batch processing, and in a real-time man-
ner. It may also be accomplished in and adaptive manner,
perhaps for multiple batch processing or the like.

[0016] Again, as mentioned, many of the various aspects of
the present invention are applicable to immunohistochemis-
try (IHC), as well as in-situ hybridization (ISH) and fluores-
cent in-situ hybridization (FISH), special staining of samples,
microarray processes, and techniques incorporating target
retrieval or the staining of samples. Furthermore, embodi-
ments are directed to processing sequences addressing issues
of'processing control, and may be particularly applied to slide
processing systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying figures, are incorporated in and
form a part of the description, illustrate some of the preferred
embodiments of the present invention. Together with the writ-
ten description and disclosures of the specification, they serve
to explain principles of the invention and to enable each of the
disclosed embodiments.

[0018] FIG.1isa depiction of an embodiment of an overall
system incorporating some of the features of the invention.
[0019] FIG. 2 is a depiction of an embodiment of a portion
of'a sample carrier assembly of one embodiment of the inven-
tion.

[0020] FIG. 3 is a depiction of an embodiment of a robotic
movement aspect of one embodiment of the invention.
[0021] FIG. 4 is a flow chart of some representative process
steps of an embodiment of the invention.

[0022] FIG. 5 is a block diagram of an embodiment of the
invention.
[0023] FIG. 6 is a depiction of an embodiment of a device

incorporating some of the features of the invention.

[0024] FIG. 7 is a depiction of an embodiment connecting
one stainer with one manager & server and one label printer.
[0025] FIG. 8 is a depiction of an embodiment connecting
multiple stainers with multiple managers and multiple label
printers.

[0026] FIG. 9 is a depiction of an embodiment connecting
a system to a lab network and lab information system.
[0027] FIG. 10 is a block diagram showing some of the
internal software features.

[0028] FIG. 11 is a description of representative deparat-
finization steps of an embodiment of the invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0029] The following descriptions are provided to describe
various embodiments of the present invention in a manner to
facilitate a more detailed understanding some of the inventive



US 2014/0038232 Al

features. The variously described examples and preferred
embodiments should not be construed to limit the present
invention to only the explicitly described systems, tech-
niques, and applications. This description may further be
understood to incorporate the various systems, techniques,
and applications, both singularly and in various combinations
consistent with the various inventive features and embodi-
ments of the present invention. Accordingly, the following is
adetailed description of a number of specific embodiments of
the invention.

[0030] FIG.1 shows one embodiment of a sample process-
ing system 101 in accordance with the present invention. The
sample processing system 101 is configured to achieve an
appropriate sequence of events that achieves a desired result
to some degree. In achieving this sequence in an automated
fashion to some degree the sample processing system is
deemed an automated sample processing system and achieves
automatic processing of at least one sample. This automated
sequence as well as other aspects of the invention may be
controlled by hardware, software, or some combination of
them to accomplish a desired sequence with limited human
intervention. Regardless how achieved, the automated con-
trol may be provided by a process operation control system
171 to direct the various activities. As shown in FIG. 10, this
(as well as other functionalities discussed) may be software
programming or subroutines; again, it may also include hard-
ware or the like. The sample 198 processed may be any
material, but is most likely a biologic material such as a
biological sample or a biological specimen, perhaps such as a
histological sample, e.g. tissue and cell specimens, cells,
collections of cells, or tissue samples, the definition to include
cell lines, proteins and synthetic peptides, tissues, cell preps,
cell preparations, blood, bodily fluids, bone marrow, cytology
specimens, blood smears, thin-layer preparations, and micro
arrays. It should also be understood to include slide-based
biological samples. As used, a sample may be arranged on a
carrier element 197 such as a slide, or microscope slide, or the
like that may maintain the sample’s position or integrity. The
carrier element 197 may be configured to move and thus
reposition the sample 198. As such, it may be considered a
movable carrier element. In processing a slide, the automated
sample processing system may serve as an automated slide
processing system.

[0031] The automated sequence may involve a significant
number of steps. In fact each process can itself require many
automated movements to achieve its goal. Each of these type
of operations or actions may be relevant to understanding an
instrument’s operation. Further, each of these types of opera-
tions or even a lesser set of significant events may be consid-
ered important details of the sample process operation. As
explained later, it may be valuable to capture information
relative to a significant number of these actions such as all of
these operations, some subset of these operations, one-half of
these operations, one-third of these operations, or the like.
Further, even the nature or type of the events that may be of
interest may be varied. In general, any event that may indicate
the propriety of operation or processing may be a subject.
Naturally in order to achieve automated processing it will be
necessary to schedule the various sample process or process
operations desired. This can be achieved by an item of soft-
ware or the like that acts as a multiple event scheduler 401.

[0032] A particular design of a system may include cabinet
sections 102 that may form outer portions of the system and
serve to address general structural considerations of the sys-
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tem (a top cabinet section is not shown in FIG. 1). The sample
processing system may also comprise a plurality of drawers
104 used for the handling and processing of samples and
sample carriers such as slides, potentially microscope slides.
Other sample carriers may be accommodated consistent with
the present invention. Each drawer may be configured to
accommodate carrier retainment assemblies that hold one or,
most likely, a number of the particular carriers, slides, or
samples involved.

[0033] In holding slides the carrier retainment assembly
serves as a slide retainment assembly 106. There may also be
carrier racks, modules, or magazines encompassed within
each of the two broad terms. As one embodiment of a sample
carrier retainment assembly, a slide retainment assembly 106
is shown in FIG. 2. The slide retainment assembly, and indeed
the generic carrier retainment assembly may comprise a slide
rack, module, or anumber of magazines. The slide retainment
assembly 106 may be configured to accommodate a plurality
of'slides in at least one configuration in corresponding sample
carrier retention devices 108. The sample carrier retainment
assemblies, are utilized in the processing of samples as fur-
ther described below. It should be further noted that the
sample carrier retainment assembly can be removably con-
figured with the drawers 104, and may be stackable or nested
within other retainment assemblies.

[0034] The general sample processing system 101, and
even one or more drawers 110 in the sample processing sys-
tem 101 may accommodate processing materials such as
reagent containers 199 for sample processing, also further
described below. A processing material retainment assembly,
such as a container rack 111, shown in FIG. 1, may be utilized
to accommodate reagent containers 199 or other processing
materials within each of drawers 110. These drawers may be
lockable through programming to prevent access during cer-
tain stages of automatic operation. Bottle inserts may be
preferably configured with the retainment assembly to ensure
proper processing material positioning within the processing
material retainment assembly and the drawer.

[0035] Multiple drawers 104 may be included to allow for
one or a plurality of sample processing protocols to be per-
formed by the system 101. Past efforts at sample processing,
as previously described, may have been limited to processing
sequences for an entire batch of carriers within the system.
The present invention, however, in part by providing a plu-
rality of drawers and carrier retainment assemblies, may
allow for individual, batch, or multiple batch processing,
including real-time or adaptive capabilities, as further
described below.

[0036] Indicator elements 112 may be provided to indicate
a status and accessibility of the drawers and the carriers or
materials within each drawer for an operator of the system. In
one embodiment, visual indicators, such as light emitting
diodes in preferred embodiments, may be used to indicate if a
drawer is available, and perhaps unlocked, during operation
of'the sample processing system, and may indicate conditions
such as a locked or open condition of a corresponding drawer,
carrier capacity status of the drawer or of a carrier retainment
assembly within the drawer, and chemical inventory status of
the sample processing system, such as reagent loading status
or capacity. A warning indication may be given by these or
other indicator elements, as well as other indicative signals.
One or a plurality of sensors may be utilized to determine the
status of the drawer as indicated by the indicator elements 112
and to further provide processing status as further described
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below. Thus the system may provide at least one substance in
a lockable reagent retainment assembly. Interestingly, the
lockable reagent retainment assembly may be established as
being generally in an unlocked state, perhaps the majority of
the time the system is operating, the lockable reagent retain-
ment assembly may be unlocked such that an operator may
access that drawer. This may also exist a significant portion of
the time the system is operating, perhaps even such as for 75%
of'such time. In this manner the system may be considered as
providing a generally unlocked reagent retainment assembly.

[0037] A processing material unit may be utilized to pro-
vide various processing material to the sample processing
system 101 and to afford the hazardous and non-hazardous
segregation of waste produced during sample processing and
the avoidance of cross-contamination. In one embodiment of
the present invention, the processing material unit may be
configured to accommodate one or a plurality of containers
such as deparaffinization solution or other material utilized in
sample processing. In some embodiments, the unit may also
accommodate waste containers to provide for the collection
of'waste material from the sample processing. Tubing or other
fluid transmission elements may be connected with the con-
tainers and the sample processing system 101. Tubing or
other fluid transmission elements may also be connected with
the waste containers and the system 101.

[0038] Inaccordance with the desire for an automated pro-
cessing system, embodiments of the present invention may
include robotic sample process functions or a robotic motion
system 172 responsive to the process operation control sys-
tem 171 to achieve the desired operation steps. This may
further comprise an arm 120 utilized in sample processing,
potentially having robotic movement, and in some embodi-
ments, Cartesian movement. In this manner, the system may
provide an automated process operation capability that
causes automated process operation events through robotic
sample process functions. These may be responsive (a term
intended to encompass any interaction, whether connected or
not and whether directly or indirectly having an effect) to a
number of perhaps stand alone devices such as stand alone
stainers. The arm 120 may comprise, in some preferred
embodiments, one or more elements, such as an actuator
probe 122, a syringe or probe 124, a sensor element and a
non-discrete or other volume fluid and/or air applicator. The
actuator probe may be utilized in the configuration and
manipulation of the carriers in sample processing, further
described below. In some preferred embodiments, the actua-
tor probe 122 configures and manipulates the configuration of
slides in the sample carrier retention devices 108 by actuation
of carrier adjustment element 130 (see for example FIG. 2),
and in some embodiments, by contact with the slides. As
mentioned, in some embodiments, manipulation or move-
ment of the slides or the samples may be accommodated. This
movement may result in a horizontal or vertical configuration
of the slides to facilitate sample processing as described
below.

[0039] As mentioned above, there may be a large number of
process steps accomplished. As may also be appreciated from
the nature of the processes envisioned, there may be uses of
many different substances or the like. Whether involving a
substance or merely a physical action, these types of items
may be considered as relating to operationally-influential
exteriorly-consequential information. The item may be
operationally-influential in that it either its operation or fail-
ure in operation may directly or indirectly influence some
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type of conduct. This conduct may be exteriorly-consequen-
tial in that it may be a conduct that does not take place within
the process system itself but external to it. As such the present
invention may provide the capability to monitor that informa-
tion. This capability may even be considered as an operation-
ally-influential exteriorly-consequential information monitor
402 as shown generally in FIG. 10. Thus the present invention
may include an ability to monitor information of a broad
nature.

[0040] As but one example, the present invention may
involve monitoring exteriorly-consequential information that
is actually operationally-altered outside information in that
the activity conducted as part of the process system’s opera-
tion actually causes a change in the information. But one
example of this might be using up a particular stain substance.
By monitoring this category of information, the present
invention may be considered as monitoring operationally-
altered outside information. This embodiment may thus be
considered as including an operationally-altered outside
information monitor. Of course, these events may be influ-
enced at least in part by at least some of the robotic sample
process functions.

[0041] As previously mentioned, arm 120 may comprise
syringe 124. The syringe 124 may be considered a probe in
some embodiments, depending upon the requirements of pro-
tocols to be performed. Syringe 124 may be fluidically con-
nected with and may apply one or more of the following: rinse
agents, such as water, containers, potentially removably flu-
idically connected for the aspiration of reagents, such as
aspiration of reagents from containers and to the samples
presented with the carriers; and blow off or other removal
agents such as an air source. Syringe 124 may be utilized to
pierce processing material containers such as reagent con-
tainers. In some embodiments, a reservoir may be provided
with the arm 120 to allow for various volumes to be aspirated
by syringe 124. The unique configuration of the reservoir
allows for efficient cleaning and drying of the internal por-
tions of the syringe while allowing for the accurate pipetting
or otherwise aspiration of a wide range of volumes.

[0042] Arm 120 may, in some preferred embodiments,
comprise a sensor element. The sensor element may be used
to automatically determine location and other status informa-
tion of components of the sample processing system, such as
reagent containers, or other processing material containers, or
sample carriers. This may be used to teach the system proper
and/or actual locations, and to calibrate, self-calibrate, or
self-align the system, or the like.

[0043] In preferred embodiments, the sample processing
system 101 may include an automatic slide identification
element. This may be controlled to achieve the act of auto-
matically identifying a plurality of slides. This may also be
more generic such as there may be some type of sensor
element and it may even comprise a reader or scanner, such as
a CCD camera, utilized to determine status information of
processing materials, such as reagents as well as to identify
slides. The sensor element, for example, may read, detect, or
otherwise determine information in the sample processing
system 101, for example, from processing material contain-
ers, such as, for example, reading coded or perhaps encrypted
information provided on the container to determine reagent
type and reagent location within the system. The sensor ele-
ment may also determine status information of sample carri-
ers. For example, in some embodiments, slides configured
with a slide retainment assembly may be provided with infor-
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mational indicia, such as a code, that may indicate informa-
tion about the sample presented on the slide or the processing
protocol to be performed. The sensor element may read the
code of the slide to determine the protocol to be performed for
the particular slide and sample.

[0044] A cleaning station 140, shown in FIG. 1, may be
included to clean elements of arm 120, and in preferred
embodiments, may function to clean or otherwise remove
completely the previously deposited reagent from the probe,
or remove elements containing the internal and/or external
surface of the probe and/or syringe 124. In one embodiment,
the cleaning station may be configured to clean elements of
arm 120, such as syringe 124, while such elements are con-
figured with arm 120. The syringe may be cleaned, for
example, with a water rinse through the syringe while the
syringe is positioned at the cleaning station. In other embodi-
ments of the present invention, the cleaning station 140 may
be configured to allow a drop off and pick up of elements such
as syringes for cleaning while allowing the processing
throughput of the sample processing system to continue.
[0045] In some embodiments, multiple probes or syringes
may be used to apply fluids required for the staining of his-
tological tissues samples mounted or otherwise presented on
slides. This may encompass automatic staining accomplished
through a slide stain element such as the items included on the
robotic motion system 172 discussed above. The sample pro-
cessing system may drop off a “dirty”, contaminated, or used
probe or syringe and swap it for a “clean”, uncontaminated,
sterilized or an unused one. One or more probes or syringes
may be cleaned while the system continues processing of
samples, such as applying reagent or stain with an alternate
probe or syringe. In addition, or alternatively, the probe used
may be washed while attached to the robotic motion system.
[0046] The system may access, use and wash multiple
probes or syringes for pipetting or otherwise aspirating fluids
required for the staining of samples mounted or otherwise
presented on slides. To eliminate cross contamination, a sys-
tem with a single reusable probe may wash the probe between
each fluid applied. The task of washing the probe can have a
large impact on the throughput of the overall system. The
present invention may allow for multiple probes to be avail-
able to the system for use. The system may continuously have
a clean, uncontaminated, sterilized, or an unused probe avail-
able to use and sample processing is not impacted by the
required cleaning routine. The cleaning routine may be nec-
essary to eliminate the possible cross contamination of fluids
and, in some embodiments, may take up to about 1 minute to
accomplish. The cumulative impact of the cleaning routine on
a series of processing steps can add time to the throughput
capabilities of the system. The addition of multiple probes or
syringes may eliminate this impact and significantly
decreases the time required to process the samples.

[0047] Embodiments of the present invention may com-
prise a mixing station 150, shown in FIG. 1. The system may
mix component fluids, such as dyes, buffers, or other process-
ing materials, preferably on demand and as the processing
steps and protocols dictate. Fluids required during the pro-
cessing steps may sometimes need to be mixed with other
fluids to create a final activated fluid mixture or cocktail.
However, the activity levels of these mixtures can be time
sensitive and may therefore only be effective for a short
period of time. The on demand, or perhaps just-in-time mix-
ing of fluids is advantageous in that it allows the fluids to be
mixed immediately before being used. This may be coordi-
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nated with the scheduling functions discussed below to per-
mit the simultaneous goals of on demand mixing with
enhanced scheduling. The syringe or probe 124, in preferred
embodiments, will aspirate fluids into and from the mixing
station 150 to mix component fluids. A rinse may further be
dispensed into the mixing station to sterilize the station.
[0048] In preferred embodiments, slides are movable and
configurable in both vertical and horizontal positions as
required for the pretreatment and staining process. This
allows for the automation of the pretreatment and staining of
slides in various manners, including pretreatment and stain-
ing as accepted in conventional manual laboratory methods.
The slides are initially loaded into the carrier retention assem-
blies, such as slide racks, and drawers in the horizontal posi-
tion. If pretreatment is required, such as deparaffinization, the
system rotates the slide into the vertical position and lowers
these samples into a processing tank, further described below,
filled with the required fluids. In some embodiments, the slide
rackis lowered to affect lowering of the slides (see FIG. 2). To
perform the staining process on the slides, as described below,
the System rotates or moves the slide to the horizontal posi-
tion and a syringe or probe applies fluid to the sample, pro-
viding a horizontal staining of the sample. Each slide can be
rotated independently allowing for the independent process-
ing of different samples with different requirements.

[0049] The system automates, and in some embodiments
mimics or otherwise corresponds to the procedure and physi-
cal attributes of the supplies used manually to perform these
same pre-treatment processes. Accordingly, a processing tank
may be provided. In some embodiments, components of each
processing tank may be configured within a drawer 104. In
some preferred embodiments, the fluids volume needed to
perform pre-treatment processes are maintained but instead
of'the slide orientation with each other being face-to-face, as
in conventional systems, they are side-to-side, although other
slide configurations are not disclaimed. The processing tanks
provide even distribution of fluids across the face of the slide.
[0050] Insomeembodiments,the processing tanks have the
ability to heat and cool the slides. Heat may also be applied to
each individual slide by a thermal device. The precision and
physical application of the temperature control can result in
standardization and repeatability of process steps. Filling and
heating tasks are performed by a computer controlled sched-
uler, as further described below. Fluid volume may be
adjusted to account for the presence or absence of any number
of slides.

[0051] Insomeembodiments, the individual fluids used for
pretreatment may be contained in the system cabinet. Depar-
affinization fluids (except DI water) may be drawn into the
processing tanks, then returned to their containers for reuse.
Containers are as listed for fluids one through six. On a
periodic basis, the material in the “dirty” containers may be
discarded. The “clean” containers may be moved up to the
dirty position, and then fresh fluid added to clean position. DI
water may be drawn from the large system DI water container,
and discarded after each use. Target retrieval solution may be
drawn from dedicated containers, and may be recycled or
discarded after each use.

[0052] Returning to the aspect of monitoring or capturing
information, an embodiment of the system may be designed
to monitor replenishable supply information, such as the sta-
tus of buffers, reagents, stains or the like. By monitoring for a
potential need for replenishable supplies the system may not
only provide the replenishable supply information monitor
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403 shown in FIG. 10, but it may also relieve operators of
some concerns. [t may also remove at least one possibility for
human error. Significantly, the system may also act to auto-
matically notify any number of people relative to the infor-
mation monitored. With respect to replenishable supply infor-
mation, the system may notify a user, an operator, an
administrator, or even a supplier of an actual, potential, or
impending need to replenish supplies. As such the system
may be considered as including an automatic notice element
404, or an automatic operator replenishable supply notice
element, an automatic supplier replenishable supply notice
element, or the like.

[0053] In a similar fashion, an embodiment of the system
may monitor or capture information that is of interest to the
continued or continuous operation of the device. As such it
may be monitoring instrument maintenance information.
This may include, but is not limited to monitoring part cycle
information, ranging from a gross information such as age of
the device, estimated number of cycles, to even monitoring
specific information such as monitoring individual part cycle
information (e.g., how many times and actual valve was
turned on or off; etc). By including an instrument mainte-
nance monitor, an instrument maintenance information moni-
tor 405, a part cycle monitor, or an individual part cycle
monitor 406, the system may facilitate not only enhanced
reliability and continuous operation, but it may permit pre-
ventative maintenance such as maintenance based on product
cycles or mean times between failures. Naturally, it may also
use the automatic notice element 404 such as providing an
automatic maintenance notice element to inform a wide range
of persons of such issues.

[0054] Of course, a large variety of information may be
monitored; embodiments of the system may monitor or cap-
ture information that relates to material requirements, such as
expiration dates, lot information or the like. Thus the present
invention may include a material requirement information
monitor 407 so that it acts to automatically monitor material
requirement information. This may be a product expiration
information monitor 408 that may even act with respect to an
upcoming expiration and may even cause the set of automati-
cally advance notifying a person by providing an automatic
advance expiration notice element. For items that may be very
important there may even be multiple notices either concur-
rently or sequentially and as such the system may include a
multiple advance expiration notice element. Another type of
information that may be monitored is historical usage infor-
mation such as information of a statistical or past nature. Thus
the system may include an historical usage information moni-
tor 409. From this, predictive estimates may even be made
such as a likely date upon which to order an item or the like.
Through monitoring predictive usage information, this may
be one way the system may be able to provide an automatic
predictive need notice element or even a predictive usage
information element 410. It may also provide for a user sta-
tistical information monitor so that it can assemble and moni-
toring user statistical information and act on this such as by
comparing to other historical or statistical information or the
like. The present invention may also be configured to monitor
sample process efficacy information such as by assuring par-
ticular protocols are followed or the like and may thus provide
aprocess efficacy information monitor 411. Monitored infor-
mation may be extrapolated to permit a totalizator 413 capa-
bility by adding up individual usages to know amounts left or
otherwise impacted by operation. This may include totalizing
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usage information for an item such as a reagent or an indi-
vidual part’s cycles. Such a capability may serve as a total-
ization usage information monitor, a reagent totalizator, or a
part cycle totalizator. The system may also report cost per test
and other such synoptic information that may be important to
the economics and efficiency of instrument operation from a
practical perspective. By having a data capture element 414,
the system may generate data that may include or permit
analysis or use of a variety of aspects, including but not
limited to: number of occurrence data, part operation data,
amount of usage data, and amount of material used data. Such
datamay, of course, have a like element, perhaps a subroutine,
to do or generate the various function or data involved.
[0055] Insomeembodiments, an imaging device such as an
image-capture 2-D optical sensor, perhaps a CCD camera, or
the like, may be used to determine the position of the sample
on the slide, providing for greater accuracy during sample
processing. Embodiments of the sample processing system
101 may further provide sample diagnostic capabilities.
Accordingly, in some embodiments, a device may analyze
samples. A camera may be used for diagnostic purposes. In
some embodiments, the sample may be scanned for further
analysis, potentially by computer. The camera can also be
used 1) as an area locator, 2) to locate a tissue area, 3) to apply
reagent based on location and area. The scanned image may
be analyzed for reagent analysis or other analyses.

[0056] The system may also generate or also monitor sub-
ject sample data. Relative to the imaging device, the system
may monitor or perhaps capture image data, such a sample
image data, substance image data, system image data, and
even pre- and post-event image data. Each of these may be
systematically stored for some purpose. Each of these may
correspondingly be considered to present an appropriate ele-
ment such as a system image data capture element, a sub-
stance image data capture element, a sample image data cap-
ture element, and a pre- and post-event image data capture
element In addition, there may be included a multiple image
data capture element so that more than one image may exist to
prove or evidence an aspect of the processing. Again, the
system may actto systematically store and one or the multiple
images so created Collections of like data, such as groupings
of individual sample process data, individual slide log data,
and even type of protocol data may also be created.

[0057] The processing of samples may be accomplished
according to some preferred embodiments as shown in FIG. 4
and FIG. 11 consistent with features of the present invention.
Variants of these protocols and processing steps, or other
processing steps, may be accomplished consistent with the
present invention.

[0058] One processing sequence may broadly comprise the
pre-processing of a sample, if needed, such as deparaftiniza-
tion (as previously described), and further comprise target or
epitope retrieval (as previously described), and sample stain-
ing.

[0059] In some embodiments, specifics of in-situ hybrid-
ization (ISH) may be addressed. Embodiments of ISH may
require a small volume of reagent, such as 15 microliters, to
be placed on the sample. Heat control may be maintained
between about 95-100 C. and kept constant for a period of
time. Temperature may then be lowered in a controlled man-
ner.

[0060] Furthermore, fluorescent staining or tagging in IHC
or ISH (FISH) may be performed consistent with the features
of the present invention.
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[0061] As mentioned, the sample processing system may
automate the processing of samples mounted on carriers or
slides. This configuration of the system allows for the flex-
ibility for both continuous, individual, and batch processing
of slides with the design lending itself to meet established
laboratory workflow demands. The multiple independent and
redundant slide processing subsystems found within the sys-
tem may also maintain its ability to process each slide inde-
pendently.

[0062] The automatic processing may be achieved by
designing a system with automated process operation capa-
bility or sequencing through at least some steps without
human intervention. This may be controlled by or act in
response to a process operation control system 171. This may
be provided through hardware, software, or some combina-
tion of the two. One conceptual embodiment depicts some of
the various capabilities in FIG. 10. Of course, the user needs
the ability to specify the nature and sequence of the various
steps or acts desired or even the appropriate priority or other
scheduling parameters to be used. This can be accomplished
by an input parameter capability 173 through the inclusion of
even a sample process parameter input 173. Input can be
retained by the creation of stored parameter process data 174
so that the system can achieve the aggregate or perhaps plu-
rality of process operations desired and thus the input may be
an aggregated sample process input. In order to facilitate
uninterrupted processing, the input parameter capability 173
may be configured as an independent process parameter input
with respect to the process operation control system 171, such
that acts caused by the process operation control system 171
are unaffected by any action with respect to the independent
process parameter input. Further, the input parameter capa-
bility 173 may also be configured as an autonomous input
functionality through the inclusion of an autonomous input
element.

[0063] With the desired types of processing input, the sys-
tem may act to automatically schedule the various events
perhaps through a schedule element 605. These events may be
considered as making up an aggregated event topology in that
there is an aggregation of desired events and in that the events
themselves present some topology or contour for a processing
sequence. This topology may include only the events or it
may include certain goals such as a particular prioritization or
outcome desired. When using an initial input, the system may
achieve scheduling of the events in the manner desired. Of
practical importance may be the ability of an embodiment of
the invention to permit and facilitate operator changes to the
initial aggregated event topology. Significantly, these
changes may be achieved dynamically, such as while other
parts of the system are continuing processing. In facilitating
changes while otherwise operating with little or no interrup-
tion, the system may act to achieve adaptive scheduling. This
may begin as adaptive scheduling of an initial aggregated
event topology and may evolve into adaptive scheduling of an
altered aggregated event topology. This may occur on indi-
vidual or perhaps stand alone devices, such as a stand alone
stainer, or it may occur on an inter machine basis, such as by
using an inter machine schedule indicium or an inter machine
schedule element. Regardless, it should be understood that
the scheduling of an altered topology may occur after com-
mencing an initial automatic processing routine.

[0064] The alteration of the aggregated event topology may
include any variety of actions that effectively alter an initial
setup. These may include but are not limited to: altering the
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aggregate, such as perhaps adding a sample, deleting a
sample, changing a sample, or altering the topology such as
accepting a user change input such as merely a change in
priority. They may also include accepting a temporary user
change such a change that a user wants to see the effect of but
may not wish to implement. Thus the system may include a
sample addition element, a sample deletion element, more
generally a sample change element 601, or a temporary user
change element, each of which may be considered as creating
some type of altered aggregated event topology. To permit a
user decision embodiments may include functionality or sub-
routines for activating a user change or undoing a user
change. These may be considered a user change activation
element or a user change undo element. Such selection may
be presented in conjunction with a results display element
602 of some sort such as an effect synopsis display element,
a temporal impact display element (e.g., the time impact on
one or more samples to be processed as a result of the alter-
ation), and even an estimated temporal impact display ele-
ment, whereby the time effect is only estimated.

[0065] As a result of some type of alteration in the aggre-
gated event topology, the system may reschedule events. This
rescheduled sequence may be used to interrupt or may pro-
vide an interrupt 603 relative to the initial sequence and to
thereafter continue revised automatic processing according to
the altered aggregated event topology. As can be understood,
this may be accomplished without completing the initial auto-
matic processing. The rescheduling may be programmed to
achieve a variety of result and then to compare with is “best”
depending on how the operator or system define that goal.
Achieving a variety of results can be accomplished by simu-
lating runs or perhaps a portion of a run and comparing the
results of that simulation. The simulation may be of varied
sequences set up according to certain parameters as explained
below. By so doing, embodiments may include varied-param-
eter robotic control simulation functionalities 606, that is
programming that simulates robotic operations based on dif-
fering parameters. These varied-parameter robotic control
simulation functionalities 606 may be responsive to the
aggregated sample process input by acting on the data the
input creates. Specifically, the system may run multiple simu-
lations for the same aggregated event topology with each
simulation using different criteria to determine the sequence
of'steps. Theresults of these simulations may be indicium that
can be used and compared. Comparison may be achieved by
an automated process simulator comparator 604 which may
look at any indicium resulting from the particular simulation
being considered. From the indicium, a decision may be made
and a particular set of parameters may be determined to cause
an enhanced, if not optimum, sequence for a desired goal.
These parameters may then be used in a preferred function-
ality robotic control generator 607 which may then actually
create the sequence that is used for the desired process opera-
tion. In this fashion, the system may have a process generator
that is responsive to the automated process simulator com-
parator and from which an automated process functionality
may be created.

[0066] As mentioned, the simulations may take into con-
sideration a variety of input for factors, including a user
parameter input. Of course, there are a variety of parameters
that may be considered as the rescheduled sequence is deter-
mined perhaps by comparing indicium (e.g., any value having
information relative to that particular model) relative to a
particular model. These may include but are not limited to: a
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substance priority parameter, a reagent grouping parameter, a
robotic movement parameter, a sample location priority
parameter, a sample proximity priority parameter, a sample
insert time priority parameter, a user input parameter, a user
priority parameter, a sample time since last processing prior-
ity parameter, a time-based priority value parameter, and a
sample weighting parameter.

[0067] The system may compare the results, perhaps by
software that may act as a comparator 604. The elements
compared may be elements such as comparing processing
time indicium, comparing completion time estimates, com-
paring substance cost estimates, or comparing sample prior-
ity assignments, and as such may be considered as having a
robotic control simulation results comparator, a sample time
since last processing priority parameter robotic control simu-
lation functionality, a time-based priority value parameter
robotic control simulation functionality, a substance priority
parameter robotic control simulation functionality, a comple-
tion time estimate comparator, a substance cost estimate com-
parator, a sample priority assignment comparator, a repetitive
process simulator comparator, and even a qualitative analysis
comparator. As mentioned earlier, to facilitate some type of
comparison, it may use indicium, such as an initial robotic
control indicium and a second robotic control indicium.

[0068] In establishing a system that is practical, it may be
advantageous to include—at least initially for calculations
time concerns—a limited number of different simulations.
For example, two or three may be included and may thus be
considered a first control simulation functionality, a second
control simulation functionality, and a third control simula-
tion functionality. By establishing a system with a sample
time since last processing priority parameter robotic control
simulation functionality the system may assign a higher pri-
ority to samples that have not had any or perhaps particularly
important activities for some time. By establishing a system
with a robotic movement parameter robotic control simula-
tion functionality it may take into consideration how far a
robot needs to move to assign priority to items that require
less movement. By establishing a system with a substance
priority parameter robotic control simulation functionality, it
may include consideration the fact that some substances are
particularly concerning either because of cost, rinse needs,
toxicity, or the like. Finally in making a comparison to deter-
mine which parameters yield a more desirable sequence, the
system may include an enhanced temporal scheduler element
so that the system automatically evaluates which parameters
are likely to yield the fastest processing time. Naturally, this
enhanced temporal scheduler element may be based on an
total sample basis or may be based on some subset thereof. It
may even be based on individual samples such as for a stat run
or the like. Thus the robotic control simulation results com-
parator 604 may act to provide an enhanced rescheduling of
an altered aggregate event topology. In implementing the
revised sequence, the system may provide a seamless initial
adaptive schedule functionality interrupt and may act to
seamlessly, perhaps without perceptible discontinuity, inter-
rupt the initial sequence and continue with the new one.
Further, since the simulations may be time consuming, it is
possible do only an initial comparison, perhaps such as
merely comparing two differing functionalities, to then select
one of them such as an initially preferred robotic control
functionality and to then continue more simulations and com-
parisons. From this continued effort, there may be discovered
an even better set of parameters and thus the system may
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thereafter implement a second preferred robotic control func-
tionality as perhaps a better solution. Naturally continued
simulations and comparisons may occur.

[0069] As may be understood by the above, rescheduling
due to an altered aggregate event topology may be impacted
by a number of factors. As but one example it may be under-
stood in shortening time for overall processing, the location
of'a particular substance or a particular sample may be impor-
tant; the further between samples or substances, the slower
the processing. Because of this type of factor, it is possible
that the system may actually consider, simulate or otherwise
assess factors and may suggest actions that may yield desired
results. For example, the system may display at least one
suggested sample location, a suggested sample drawer loca-
tion, a suggested stainer location, or the like. From this the
user may be able to accept a proposed action and may even be
able to accept or reject the suggestion. Thus the system may
display a suggested user selection. This may even be the act of
displaying a temporally enhanced suggested user selection
through providing a user selection menu or the like. From
this, the system may accept a user parameter input through a
user selection menu. The results may even be summarized to
display a synopsis of the effect due to the alteration, such as to
display a temporal impact due to the alteration. Naturally, this
may be estimated and the system may act to display an esti-
mated temporal impact. Whether impact based or suggestion
based, the system may provide the user valuable input and in
this manner it may actually provide a suggested sample loca-
tion element, a suggested sample drawer location element, a
suggested stainer location element, a suggested user selection
element, a temporally enhanced suggested user selection ele-
ment, or the like. Naturally, such activities as well as any
rescheduling or simulating may be the result of an operator
request, the system sensing an operator access event, the
system accepting a user change, or even some type of operator
access event sensor, such as a drawer sensor or the like.

[0070] Similar to the act of suggesting to the operator a
particular action that may enhance scheduling, the system
may act to inform the operator of needed events or the like. If
a particular substance is required but is not present in the
machine (likely as sensed by the device itself perhaps through
the optical sensor), the system may automatically prompt an
operator for a particular action needed, such as insert the
needed reagent or the like. In downtime or otherwise, the
system may even repetitively automatically check if an opera-
tor action is needed. As such the system may include an
automatic operator need prompt 608. It may also provide a
variety of information such as real time status information,
pending sample information, a real time completion estimate
for an aspect (e.g., a sample, a drawer, a batch, or the like).
Each ofthese may be accomplished by software and hardware
perhaps by including a real time status information element,
apending sample information element, or a real time comple-
tion estimate element, each shown conceptually as the infor-
mation element 609.

[0071] As to any of the above capabilities, such may not
only act independent of the automated process operation
capabilities, but where applicable, they may be fully func-
tional even without the presence or operability of the auto-
mated process operation capability (which itself may or may
not be in a process device). They may be achieved in a variety
of manners, including by providing a separate full function
computer 181 (e.g., separate from the capability provided or
required by a process system) or that may be programmed to
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accomplish the desired function. In addition, in order to
accomplish a goal of addressing practical and institutional
needs, any capability may be configured to provide simplified
use and may even be available in a highly simplified level of
detail. This may be a “wizard” type of system where there is
a “step-by-step” method for functions such as adding slides,
achieving the desired input, or the like. Such an aspect may
even be simple, regimented, and somewhat inflexible. A
structured or simplified input can facilitate input by persons
notrequired to have the full spectrum of skills necessary to be
responsible for the operation of the sample processing system
101.

[0072] As part of the functions of monitoring or perhaps
allowing play back of events, the system may include some
type of data capture element 414. As may be appreciated from
the initial discussion of the types of actions potentially need-
ing to be programmed, the data capture element 414 may
capture individual movement data, only robotic action data,
individual robotic movement data, individual operation data,
or even individual usage data. Thus the data capture element
414 may be an individual movement data capture element, a
robotic action data capture element, an individual robotic
movement data capture element, or an individual operation
data capture element. All or any part of this data may be
systematically stored such as storing all important details,
only particularly important details (e.g., relative to highly
sensitive valves, substances, or the like) or even only a sig-
nificant number of details relative to sample process opera-
tions. Thus the data capture element 414 may be a systematic
process detail capture element. Once captured, this data may
be stored in a number of fashions. There may be a memory
location at which such data resides and this may thus repre-
sent a significant process detail memory 412. It may also
represent a subject sample data capture element and any of the
memory types mentioned earlier may be used for such a
purpose.

[0073] In storing the data, the system may create a seg-
mented computer file, that is a file that contains only such data
so that it is not as manipulatable as other files. This may aid in
assuring the accuracy or even certifiability of the events
depicted. For instance for any particular sample, there may be
automatically generated upon request a simulation—perhaps
with a time base appended—of what happened to that par-
ticular sample as well as pictures of the sample before and
after its processing. The data so stored may even be created as
an inalterable computer record and perhaps may even include
an integral change indicia that can prove its accuracy. When
stored, the system may create a common format computer
record so that user can easily work with it or it may create a
proprietary format computer record that cannot be altered or
the like. Thus the significant process detail memory 412 may
represent a segmented computer file memory element, an
inalterable computer record memory element, an integral
change indicia memory element, a common format computer
record memory element, or a proprietary format computer
record memory element.

[0074] The capture of data may include time of occurrence
data, such as actual date data, actual time data (e.g., UTC,
etc.), precise time data (e.g., hours, minutes, seconds), rela-
tive time data, absolute time data, initiation time data, and
even completion time data (e.g., process, protocol, motor
operation events, or the like). Again, the data capture element
414 may include, but is not limited to, a time of occurrence
data capture element, an actual date data capture element, an
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actual time data capture element, a precise time data capture
element, a relative time data capture element, an absolute
time data capture element, an initiation time data capture
element, or a completion time data capture element.

[0075] One item that may be of particular user desire is the
fact that the data capture element 414 may represent an indi-
vidual sample process data capture element, an individual
slide log data capture element, a type of protocol data capture
element, and even an individual slide log data capture ele-
ment. There may also be a real time individual slide log data
display to show actual processing as it occurs.

[0076] As used above, the slide identification information
may represent any information unique to a particular slide,
such as a serial number, patient number, patient name, unique
image, or the like. In keeping with privacy concerns, there
may also be coded or perhaps encrypted identification infor-
mation or internal identification information that others can-
not use to identify the particular patient involved or the like.
As discussed below and as shown in FIGS. 8 & 9, the overall
system may include a number of staining instruments and
thus the input can include preferred stainer information
(which may or may not be indicated or accepted by the auto-
mated system). Provision can also be included to achieve a
rush test and as such there may be an immediate, urgent, or
otherwise known as stat (an often used medical term for
immediate) process request information element. Such may
also be linked with user privileges information so that only
certain individuals may displace other tests to create a difter-
ent priority. Of course all permutations and combinations of
the above may be included.

[0077] For automated operation, the input may create data
such as parameter process data 174 that may be stored at some
location. To provide autonomous operation, it may be inde-
pendently stored perhaps in a physically independent
memory even at a location remote from an actual stainer
itself. This may be accomplished by utilizing a primary or
secondary storage perhaps of a separate full function com-
puter programmed or configured to accept and/or store data.
In such a fashion, the compute