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(57) Un systeme de dépistage et de diagnostic integre
dans un laboratoire de biologie médicale permet
d’effectuer le pretraitement et ['inspection de
prelevements cytologiques ou d’autres €chantillons. Un
processeur re¢oit des mmages numeriques de chaque

I*I Industrie Canada  Industry Canada

(57) A clinical laboratory integrated screening and
diagnostic system for preprocessing and inspection of
cytological samples or other specimens. A processor
receives digital images of each specimen and, using
statistical analysis, estimates probabilities of atypia for
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¢chantillon et, par analyse statistique, estime les
probabilités d’atypie pour des objets ou des regions
contenues dans 1’¢chantillon. Le processeur qui se fonde
au moins en partie sur ces probabilit€s estime ensuite une
probabilit¢ d’atypie pour I’¢chantillon d’une maniere
globale. Un ¢chantillon dont la probabilite¢ d’atypie
estimee est suffisamment importante est
automatiquement class¢ comme suspect ou anormal et
est a son tour examin¢ par un technicien humain au
moyen d’un systeme de visualisation et d’un poste de
travail de microscope assist¢ par ordinateur. Un
¢chantillon présentant une probabilit¢ d atypie
suffisamment faible ou nulle est automatiquement classe
comme se situant apparemment dans les limites
normales et est ensuite examine par un technicien
humain qu effectue la vérification de la qualité ou bien
1l est class¢ automatiquement comme se situant dans les
limites normales. Apres la verification effectuce par le
technicien humain, les €chantillons que ce dernier estime
comme ¢tant suspects ou anormaux sont réinspectes par
un expert qui pose le diagnostic final.
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objects or regions contaimned 1n the specimen. Based at
least 1n part on these probabilities, the procesor then
estimates a probability of atypia for the specimen as a
whole. A specimen having high enough estimated
probability of atypia 1s automatically categorized as
suspicious or abnormal and 1s 1n turn screened by a
human technician with the assistance of a preview
system and a computer-assisted microscope workstation.
A sample with sufficiently low or no probability of
atypia 1s automatically categorized as apparently within
normal limits and 1s then either screened by a human
technician for quality assurance or automatically
reported as within normal limaits. After screening by the
human technician, samples that the technician deems to
be suspicious or abnormal are reviewed by an expert for
final diagnosis.
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(57) Abstract

A clinical laboratory integrated screening and diagnostic system for preprocessing and inspection of cytological samples or other
specimens. A processor receives digital images of each specimen and, using statistical analysis, estimates probabilities of atypia for objects
or regions contained in the specimen. Based at least in part on these probabilities, the procesor then estimates a probability of atypia
for the specimen as a whole. A specimen having high enough estimated probability of atypia is automatically categorized as suspicious
or abnormal and is in turn screened by a human technician with the assistance of a preview system and a computer-assisted microscope
workstation. A sample with sufficiently low or no probability of atypia is automatically categorized as apparently within normal limits and
15 then either screened by a human technician for quality assurance or automatically reported as within normal limits. After screening by
the human technician, samples that the technician deems to be suspicious or abnormal are reviewed by an expert for final diagnosis.
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INSPECTION SYSTEM WITH SPECIMEN PREPROCESSING
1. Field of the Invention

The present invention relates to specimen or sample inspection systems and more
particularly to systems in which human operators inspect a substantial number of individual
specimens to locate a particular subset such as "suspicious," irregular or abnormal specimens.
As used herein, the term "specimen” is not necessarily limited to a medical or biological
specimen but may more generally extend to any sample item or portion of a group as a whole.
The present invention may thus find particular use in a variety of contexts such as, for
example, examimng histological specimens (i.e., tissue-section-based as in anatomic or
surgical pathology), examining cytological specimens (i.e., cellular samples (such as those
samples prepared from specimens taken from body cavity fluids, voided urine, sputum, and
gynecological tract) as analyzed by cytotechnologists and cytopathologists, cytogeneticists,
hematologists, neuroscientists, microbiologists, cell biologists, etc.), examining silicon wafers

In an integrated electronic circuit manufacturing process in the semiconductor industry, and

other matenals inspection processes.

2. Description of the Related Art

In a typical scenario, a human inspector must inspect and analyze a substantial
number of specimens each day to determine whether the specimens deviate from some
predetermined normal range. Abnormal specimens are identified and are subject to further,
more detailed review and analyses. The subsequent, more detailed review may require a
reviewer with additional expertise, such as a pathologist in the case of the cervical Pap test.
In a usual case, for example, of screening samples from asymptomatic women, most of the
specimens are considered "normal," or "within normal limits" ("WNL") and therefore need
not be subjected to additional scrutiny. Depending on the detail and scope of this inspection
and analysis, this additional scrutiny can unfortunately be a very slow, painstaking, error-
prone and costly process.

For purposes of illustration, the present invention will be described in the context of
cytological specimen analysis, such as cervical Pap smear or Pap test analysis. Pap smears,
which are routinely taken from women, facilitate the detection of pre-cancerous changes
and/or the early stages of cancer, thus reducing the chances of any cancer or related abnormal
condition spreading or advancing in clinical staging with the resultant negative impact on the
prognosis for the patient. A Pap smear is prepared by first collecting a vaginal, cervical and

endocervical tissue sample from a patient. The sample is then fixed to a slide, for instance by

-1-
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alcohol fixation, and appropnately stained (in a manner similar to the Papanicolaon (Pap)
procedure) to enable microscope-based visualization and analysis. Figure 9 illustrates a
conventional Pap smear.

The conventional Pap smear process 1s hmited, because 1t produces large numbers of
cells (50,000 to 300,000 cells per Pap smear, typically) that are often obscured by
inflammatory and other materials that make accurate and sensitive diagnoses more difficult in
some cases. The Pap smear process 1s also limited because 1t deposits the cells in a spatially
non-uniform manner that is difficult and time-consuming to analyze visually, as shown, for
example, by Figure 9.

Several alternative monolayer sample or liquid-based preparation (LBP) approaches
have therefore been developed. One method depends upon centrifugation to separate cells
before deposition onto a glass microscope slide, for example. Another method relies upon

physical filtration of a specimen through a filter with a controlled pore-size distribution. An
example of the latter approach 1s the Cytyc ThinPrep® instrument and process.

The Cytyc ThinPrep® sample preparation generally comprises straining a sample
through a filter having pores smaller than the average sample cell diameter but sufficiently
large to allow passage of cellular fragments and other debris. In one research-use
embodiment, the LBP device pore diameter 1s about 40-50 micrometers. The filter preferably
has no rough edges or other features that would rupture the sampie cells. Upon filtration,
sample cells remain on the filter surface while the debris passes through, resulting in a filter
surface enriched in sample cells and depleted 1in debrnis. The filter surface is next pressed
onto a microscope slide to transter the sample cells from the filter surface to the slide. This
results in the slide having a more uniform distrnibution (1.e., monolayer) of cells and, by
employing a filter having a smaller area than the slide, a higher concentration per unit area of
sample cells, substantially free of cellular and other debns that could interfere with a
cytotechnologist’s ability to detect cellular events and analysis of a slide. The Cytyc
ThinPrep® sample preparation thus provides a more spatially uniform distribution of cells
within the cellular disk (CD), as shown, for instance, by Figure 10.

In practice, after the sample is prepared from the specimen, the slide is then screened
by a highly skilled technician ("cytotechnologist"), in an effort to determine the specimen
adequacy and to 1identify possible cellular abnormalities in the specimen.  The
cytotechnologist generates notes regarding each specimen deemed to have possible

abnormalities. The cytotechnologist then provides the specimen slide, together with these

-2 .
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paper-based or electronic notes of his or her findings, to an expert cytopathologist (i.e.,
specialized physician) for further review and final specimen diagnosis.

To screen a Pap smear specimen, the cytotechnologist generally views the Pap smear
shde containing the Pap smear through a conventional optical microscope to detect the
presence of potentially rare cancer cells or cells exhibiting other abnormal conditions.
Because a cancerous cell may appear in only one of thousands of locations in an otherwise
normal-appearing specimen, however, the cytotechnologist must generally examine every
area of the slide 1n order to make a valid (i.e., accurate) determination. Overlooking any area
could potentially result 1n a false negative (FN) diagnosis. Further, many portions of the
specimen slide may contain no cells at all, but the cytotechnologist must examine even those
areas to at least determine the absence of pertinent (i.e., diagnostically significant) material.
Of course, this process of thoroughly screening a specimen for the presence of cancerous or
abnormal cells 1s often laborious, tedious, error-prone and costly. Still, cytotechnologists
have been known to examme more than 20,000 slides annually in an effort to classify
specimens as within normal limits and to identify abnormalities and enable pathologists to
diagnose Pap smear specimens. In many cases, this specimen review rate is driven in part by
financial concerns such as competition based on the number of specimens analyzed. The
dilemma faced by laboratories 1s that they need to increase their specimen throughput rate for

economic reasons and simultaneously to reduce their specimen throughput rate to lower their

false negative error rate.

Based on the cytotechnologist's primary review (i.e., screening) of the specimen, the
cytotechnologist determines that the specimen is unsatisfactory, satisfactory but limited, or
satisfactory for analysis. If satisfactory, then the cytotechnologist determines either that the
specimen contains suspicious material such as pre-cancerous or cancer cells, or that the
specimen 1s apparently within normal limits. Typically, statistically speaking, "suspicious”
and "abnormal” specimens may account for approximately 5% to 10% of Pap smears in the
United States, in laboratories that are screening asymptomatic women. The remaining
statistical 95% to 90% of the cases in turn are classified by the cytotechnologist as apparently

normal.

If a specimen contains even a single well-preserved and well-stained cancer cell out

of tens or hundreds of thousands of cells, the cytotechnologist should find the specimen to be

suspicious, or atypical or abnormal. Failure to identify a specimen properly as abnormal
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during this screening process may be disastrous, as it may leave a cancer undetected and
untreated, and may ultimately lead to the death of the patient.

The cytotechnologist forwards all "suspicious,” or "atypical" or "abnormal,"
specimens to a pathologist for detailed review and final diagnosis and "sign-out" in light of
the cytotechnologist's notes and findings. One of the pathologist's goals 1s to analyze the
specimen at 1ssue and determine based on medical expertise whether the specimen contains
cancerous or pre-cancerous cells. In doing so, the pathologist must strive to minimize both
false negative diagnoses and false positive diagnoses, as false negative diagnoses could leave
cancer undetected, while false positive diagnoses could result in unnecessary or
Inappropriate, harmful and costly cancer treatment such as surgery, chemotherapy or the like.

Most of the specimens that the cytotechnologist deems to be "apparently normal" are
classified as "within normal limits," (WNL) and the analysis of those specimens is completed.
However, to minimize the possibility of false negatives in the screening process and to
identify cytotechnologists that may have screening quality performance problems, at least
some of those specimens should be subject to a secondary screening, or "re-screening," by a
cytotechnologist. In the United States, at least 10% of these "apparently normal" specimens
must be randomly selected (along with known high-risk cases based on prior information)
and re-screened for quality assurance by a different cytotechnologist.

In addition, to further minimize false negatives during the Pap smear screening
process, cytotechnologists must spend sufficient time screening each specimen slide. For this
reason, legal regulations in some states in America restrict individual cytotechnologists to
screening no more than 100 Pap smear slides in a single day. Other states provide even

stricter limitations, such as a maximum of 80 slides per day. Assuming an average 7 hour

work day, these regulations would have a typical cytotechnologist screening and classifying
an average Pap smear siide in no more than 4.20 to 5.25 minutes.

Notwithstanding these maximum limitations, the average number of Pap smear slides
screened per day by cytotechnologists in the United States is on the order of only 50 to 60,
corresponding to cytotechnologists typically spending less than 7 to 8 minutes reviewing each
shde in order to carefully determine whether any abnormal cells are present. Of course, as

Cytotechnologists spend more time screening each slide, they will theoretically make fewer
false negative errors. At the same time, however, as cytotechnologists spend more time
screening each slide, they will screen fewer slides each day, and the labor and cost of

specimen screening will consequently rise. This is a difficult scenario for laboratories, in the

_4-
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United States for example, since the third-party health insucance reimbursement rates are
typically so low that Pap iests are nonunally or not profitable for many, if not most, clinical
diagnostic cytology laboratories.

A need therefore exists for a more efficient specimen screening system that minimizes
the presence of false negatve specumen classification errors while reducing the time required
to analyze specimens accurately and to compile useful information about suspicious, atypical,
or abnormal specimens for reference by diagnostic experts.

3. Incorporation by Reference
The followmg U.S. parent applicanons are expressly incorporated herein by reference:
(1) U.S. Patent Applicanon Serial No. 08/525,220, filed September 15, 1995:
(1) U.S. Patent Application Serial No. 08/529,198, filed September 15, 1995; and
(m) U.S. Patent Application Serial No. 08/736,790, filed October 25, 1996.
4, Background References

U.S. Patent No. 4,513,438, 10 Graham et al, describes a method and system for
locanng and re-locaung objects-of-interest in an image. The objects-of-interest may be
biological cells on a microscope slide. According to Graham, a detector scans the image and
detects objects, and a fearure extractor identifies objects of interest such as by comparison 10
a stored reference vector of features. An object marker then generates a marker signal for the

object-of-interest, including features of the object as well as distance and orientation of
neighboring objects, and the marker signal is stored. In tum, if the microscope slide is
displaced, a comparator may re-locate objects of interest by reference o the marker signals,
and the systemn may notify an operator that the object has been re-located. Graham discloses
that a specimen can be automatically analyzed to identify objects of interest, and, if the
specunen appears abnormal, the system can indicate that the specimen should be reviewed
and can automatcally re-lacate selected areas of the slide.

U.S. Patent No. 5,625,705, 10 Recht, describes a method for classifying objects in a
specimen as likely to'be premsahignant or malignant cells, based on an intepsity texture
analysis. According 1o Rechr, an automared microscope system first scans & specimen slide

at low resoluuon, an mmage processor identifies areas that may contain biological matter, and
the 1mage of the area is stored together with an indication of its focal plane. The system then
scans the specimen at a igher resolution and conducts a gray scale analysis of each identified

area [0 determune (¢.g., by size, gray scale density or surface intensity texture characteristics)
if the area contains a premalignant or malignant cell. If 50, an area of pixels encompassing
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the cell is generated, and the System re-scans the area at a high resolution 10 produce a lgh
resolution color image tile ("net image") of the cell and its surroundings. For each such ule,
the system then determines a likelihood ("net value™) that the object 1s a premalignant or
malignant cell. Finally, the system generates and displays an 8 x & summary screen of the
riles baving the mghest net values, which a cytoiechnician cun scan in search of an object
having attributes of the cell type for which classification is being performed.

International Patent Application Publication No. WO 96/03705 Al, 1o Neuromedical
Systems, Inc., describes a method for facilitating review of 4 selected specimen or area of
interest with a microscope. An automated microscope scans a specimen image, and an image
processor morphologically filters the image to identify possibly malignant or premahgnant
cells. After additional processing, images and their coordinates arc stored for display on a
monitor. The 64 highest ranked cells are then presented 10 a cytotechnician 1o an & x 8
marrix, or other sequence (e.g., simultancously or scparately) or arrangement such as four
screens of a 4 X 4 marrix of dles. In order to ensure that the cytotechnician looks at each of

the tiles, the system then requires the cytotechnician to positiun a cursor on each image for a
set period of time determined to be sufficiently long for inspecton of a tile.

European Patent Application Publication No. 0 647 844 A2, 10 Hoffman-La Roche,
describes a system for expedited handling of cytology samples, involving interaction between

‘& cytorechnologist and automated machine analysis. A system automatically analyzes cells in
the specimen and makes a diagnosis based on this analysis. The system then generaies a
gallery of cells and displays the gallery to a cytolagist. The cytologist reviews the gallery,
makes an independent determination whether any of the cells are abnormal (withour yet
knowing the system’s diagnosis), and inputs the determination into the sysiem. The system
then compares its review with the cytologist's review. If both believe the shide to be normal,
a "normal” diagnosis is reported; if either find abnormalitics, the shde 1s forwarded to another
eytologist for full review. Altematively, if the cytologist finds the slide to be normal but the
computer does not, the gallery can be reviewed by a supervisor or re-reviewed by the
cytologist.

International Patent Applicanon Publication No. WO 95/02204, 10 CompuCyte
Corporation, describes a computerized slide encoder. The encoder provides for establishing a
marker that indicates microscope viewing areas corresponding to pixel locanons reviewed.
The system may, for instance, establish a mark at a location every set time penad, so that the
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density of marks may indicate how long a technician has spent reviewing particular areas of
the specimen. The technician may also record an audio record about areas reviewed.

Internanional Parent Application Publication No. WO 97/25678, also to CompuCyte
Corporanion, describes a network system for review and analysis of microscope slides and
specimens that have been previously examined. The system provides for at least two separate
microscope stanions m 8 network that are individually linked to a computer that can recall
stared movements and location information from a storage medium, for review ar a locatian
remote from the microscope used in the original examination. In turn, the specumen shde can
be placed on the microscope, and the microscope relocates to slide images at designated sites.
Each microscope station may further have access to patient background (e.g., demographics /
medical history) mformation as well as an on-line library of cell type images for comparison
with the slide being reviewed, 10 aid in diagnostic decisions.

U.S. Patent No. 4,812,909, o Yokobayashi et al., desccbes an wnage display
apparatus that can simultaneously display an image of a blood sample and dara regarding the
blood sample, so that an operator can observe the combined images on a single CRT. A
switch cnables selective display of a picture scene only, a character scene only, or an
overlappmng scene of a character scene and a picture scene.
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SUMMARY OF THE INVENTION

The present invention provides an integrated system that improves efficiency in

specimen 1inspection and analysis. For purposes of example, and without limitation, the
invention will be described herein is a clinical diagnostic cytology system. In one aspect, the
invention may be a process for inspecting multiple samples each prepared from cytological
specimens, to facilitate classification of said specimens as either apparently within normal

limits ("apparently-WNL") or apparently not within normal limits ("apparently-not-WNL").

The invention may, for instance, include the following functions:

(1) Acquiring into a machine a set of digital images of the regions of the
sample;

(2) The machine analyzing the digital images of the regions;

(3) The machine i1dentifying cellular objects in a subset of the regions;

(4) The machine assessing whether the sample is satisfactory (e.g.,

adequate) to facilitate classification;

(5) The machine estimating a probability of cellular atypia for cellular

objects identified in the sampile;

(6) The machine rank ordenng cellular objects in the sample according to
their respective estimated probabilities of cellular atypia, a first subset of the cellular
objects in the sample defining those cellular objects having the highest estimated
probabilities of cellular atypia in the sample;

(7) The machine denving an estimated probability of specimen atypia of

the corresponding specimen, based at least in part on the estimated probabilities of

cellular atypia of cellular objects in the sample;

(8) The machine mterpreting the corresponding specimen as apparently-
WNL 1f the estimated probability of specimen atypia falls within a predetermined
probability range;

(9) The machine mterpreting the corresponding specimen as apparently-
not-WNL if the estimated probability of specimen atypia does not fall within said
predetermined probability range; and

(10) If the machine interprets the corresponding specimen as apparently-
not-WNL, (1) displaying for preview by a human observer a set of biasing-information
about the sample, the biasing information including a subset of the cellular objects

having the highest probabilities of cellular atypia in the sample, whereby subsequent

-6 -
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screening of the sample by the observer may be biased by the observer's preview of
the biasing-information, and (1) subsequently displaying for screening by the
observer the subset of regions of the sample.

Other features and advantages of the invention will become apparent to those skilled in

the art by reading the following description, with reference to drawings where appropriate.
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BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention is described herein with reference to
the accompanying drawings, in which:

Figure 1 is a block diagram illustrating the process flow in a preliminary embodiment

of the present invention;

Figure 2 is a flow diagram illustrating components employed and functions performed

by a prescreening and screening system in the present invention:

Figure 3 is an illustration of a automated microscope-based screening station that may

be employed in the present invention;

Figure 4 1s a flow chart illustrating the process flow in a preferred embodiment of the

present invention;

Figure 5 1s a functional block diagram of the process flow in a preferred embodiment
of the present invention;

Figures 6a and 6b are illustrations of multiple information windows displayed in
preview monitor in accordance with a preterred embodiment of the present invention:

Figure 7 is an illustration of discrete cell images in an electronic monolayer
preparation (EMP) as displayed in a preferred embodiment of the present invention,;

Figure 8 is an illustration of a microscope field-of-view containing cellular matter of

interest within a preferred embodiment of the present invention:
Figure 9 1s a graphical representation of a conventional "Pap Smear" cervical cytology
shde;
Figure 10 is a graphical representation of a Cytyc ThinPrep® cervical cytology slide;
Figure 11 is an illustration of areas within a cellular disk (CD) that are occupied by cells

or other light-absorbing objects, with circles overlaid on the CD to show the relative sizes,

counts and positions of the typical fields-of-views: and

Figure 12 1s a graphical representation showing coordinates and fields-of-view within a

ThinPrep® cellular disk that identify suspicious and abnormal cellular material.
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DETAILED DESCRIPTON
OF THE PREFERRED EMBODIMENTS

Referring to the drawings, Figure 1 illustrates a block diagram of the system flow i a

preliminary embodiment of the present invention. At block 12, a specimen 1s collected and a
sample such as a Pap smear or LBP is prepared from the specimen, for instanceona 1 x 3

inch slide with a 1 x 2 inch coverslipped area adjacent to a 1 x 1 inch typical slide label for
patient and slide identification. At blocks 14 and 16, the sample 1s then subjected to a
cytological screening system, which includes automated or interactive machine prescreening
and visual screening by a cytotechnologist. Based on the screening process, the
cytotechnologist determines either that the specimen is suspicious or that the specimen
appears to be within normal limits. All specimens that are deemed suspicious are forwarded
to an expert for review and diagnosis, at block 18. Of the specimens that are deemed to be
apparently within normal limits, at least 10% are re-screened at block 16 for quality control

and particularly to reduce the possibility of false negatives.

Figure 2 shows, by way of example, some of the functions that may be performed in
the prescreening and screening stages 14, 16 of this invention. In combination, these stages
are adapted for use in a clinical laboratory or similar facility, and preferably include an image
capture apparatus 100, a mapper 104 and an automated microscope-based screening station

110.

The image capture apparatus 100 preferably takes the form of a camera and a frame

grabber. The camera is preferably a CCD (charge coupled device) scientific grade type
camera with a 1K x 1K or larger format, and a 3 class or better sensor. Such a camera 1s

available commercially under the trade name ES-1 from Kodak Corporation, Rochester, New

York, and is also available from Pulnix America, Sunnyvale, Califormia. Such a camera 1s
characterized by an active sensor area of 9mm x 9mm or larger with a pixel spacing of 9
microns or finer and can capture, or scan, images at a rate of at least 30 frames/second and
provide a digital output at a minimum rate of 30 MHz. The optical system is configured to
provide an effective pixel resolution of approximately 2.4 microns at the sample. While such

a resolution is appropriate for the preferred embodiment described herein, it may be changed
for other applications. The specifications stated herein are illustrative of a particular

preferred embodiment and may be altered. As an example, a camera with a format larger
than 1K x 1K would reduce the number of images to be captured, because each captured

image would contain a larger portion of the slide. As another example, a pixel spacing of

.0 .




10

15

20

25

30

CA 02297119 2000-01-14

WO 99/04244 PCT/US98/14719

finer than 9 microns would result in higher spatial resolution, subject to optical physics

limitations.

interface and is characterized by a data transfer rate of at least 50 MHz. In addition, the
frame grabber preferably also employs digital signal processing for optical shade correction
and blob finding. A preferred frame grabber takes the form of a Data Raptor type frame
grabber available from Bit Flow Corp., Woburn, Massachusetts. In an alternative
embodiment, the frame grabber may perform certain image analysis and enhancement
functions by way of specialized hardware devices, to provide a speed increase over
performing such functions in software. For Instance, the frame grabber may be configured
with specialized hardware, such as digital signal processing circuitry, to perform some of the
functions described below as being performed by software.

Image capture of a sample on the slide 102 is preterably performed by subdividing the
slide mto a plurality of equally sized regions, illustrated by the dotted lines in the slide 102,
and individually capturing digital images of the sample, region-by-region. The digital image
of each region is stored in a memory once captured and is analyzed by the mapper 104. The
regions of the slide shown in Figure 2 are simplified for sake of illustration. In practice, a
shde will typically have far more regions than shown in Figure 2. For example, a typical
slide that measures approximately 75mm x 25mm, with an area of roughly 50mm x 25mm
being occupied by a sample. Such a slide will contain approximately 200 non-overlapping

regions of approximately 2.5mm x 2.5mm.

In the preferred embodiment, the mapper 104 1s implemented as a software program
stored 1n a semiconductor, magnetic, optical or other similar type of storage device and
executed by a general purpose digital computer. One such slide-mapping system is the

TRACCELL® system available from AccuMed International, Inc., of Chicago, Illinois. The

mapper 104 performs automated image analysis of the captured digital images. For example,
the mapper may operate to automatically analyze each region for the presence of cytological
material. If any cytological material is detected, the region is designated by the mapper as a
'screenable” region. In addition, the mapper may identify and exclude from subsequent
analysis normal squamous and epithilial cells. As another example, the TRACCELL® system
may be configured to make prehiminary determinations about the sample as a whole, such as

whether the sample is satisfactory (e.g., adequate) for analysis. Unsatisfactory samples may

- 10 -
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then be identified and retumed without further analysis. The basis for an “unsatisfactory™
specimen may include unacceptable low cell counts and an under-stained ar over-stained
sample.

Once all regions of the slide 102 have been caprured and analyzed as indicated at

3  block 106, the mapper 104 generates a plurality of tiles as indicated at block 107, For
simphified Hlustration, these tiles are shown as circles within the slide 102 ar the screening
staion 110. Each of the tiles may correspond to a field-of-view selected for review by the
Cytotechnojogist using the microscope at the screenng station.  Collectively, the tles
surround all of the cytological material determined by the mapper to be required for viewing

10 by the cytotechnologist. For this reason, as those of ordinary skill in the art will appreciate,
other nling shapes and configurations, such as hexagons, may alternatively be employed to
further improve screening efficiency.

The mapper 104 assigns spatial slide coordinates (including a focal plane coordinate)
10 each ule or sample region of interest and develops a routing function defiming an optimal

15 route for mucroscopic display of the designated areas of the sample. The mapper then
transmuis the coardinates to the screening station 110.

The screening station includes a microscope with a motorized stage and focus drive
assembly, each of which may be operated by computer conrrol or by an operator employing
an crgonomic input device, or by a combination of computer and human conrol. The

20  screening station is coupled 1o the mapper 104 via a data communication link and, upon
receiving a series of coordinates from the mapper, displays mucroscopic fields-of-view of the
arcas designated by the mapper in accordance with the routing function, or routng pattern,
developed by the mapper.

A preferred screening station is the ACCELL® specimen screening station produced by

2>  AccuMed International, Inc., of Chicago, Illinois. Figure 3 illuswates an example of this
station 110, which inciudcs an automated clectronic and optical imaging microscope (or
video microscope) 210,'to which a motorized stage 214, motorized focus driver (not shown)
and motorized nurrer 220 have been firted. The automated microscope 210 may be an
Olympus BX-40 microscape, available from Olympus Optical Corporation of Tokyo, Japan

30 and preferably includes a set of lenses 216 individually selectable by 2 motorized control.
The screeming station 110 includes a slide magazine 218, a slide holder 2 19, a bar code reader
and pninter 221, and a light source 222. The motarized stage 214 moves along an axis
designated as the Y-axis in Figure 3. In wum, slide holder 219 is connected to the motonized
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stage 214 and 1s itself motorized to move along an axis designated as the X-axis in Figure 3.
A controller board within station 110 receives external control signals to control the operation
and movement of the motorized stage and slide holder, thereby providing automiated
movement of the specimen slide 102 in two dimensions relative to the microscope lens 216.

In a preferred embodiment, the camera of the image capture apparatus 100 is affixed
to a video port on the microscope 210, in order to capture cell images and avoid having to
move the shide 102 between the microscope and the camera. Alternatively, another
embodiment excludes the intervening video port entirely and integrates the image capture
apparatus with the microscope. The mapper 104 is in turn coupled to the screening station by
direct physical data links or by way of a data network such as a local area network. While
neither the physical structure of the mapper, image capture apparatus and screening station
nor the manner of coupling the mapper to the screening station is critical, such an
arrangement allows the mapper to be physically separate from the screening station and
allows the mapper to exchange information with a plurality of screening stations. Alternative
arrangements of the manner in which the mapper and screening station are coupled, such as
by way of example, a direct senal link, will be apparent to those of ordinary skill in the art in
view of the present disclosure.

A cytotechnologist wishing to use the screening station 110 to view a slide inserts the
slide or a group of slides into a slide carrier, which is then inserted into the slide magazine
218. The system extracts a slide from the magazine and scans a bar code on the slide using
the bar code reader 221. The identity of the slide, as determined by the scanned bar code, is
used by the system to retrieve coordinates from the mapper 104. The slide is then transported
from the magazine onto the stage and positioned in accordance with the coordinates received
from the mapper 104.

The cytotechnologist may set the speed at which he or she reviews these fields-of-
view presented at the screening station 110. The cytotechnologist may, for instance,
accelerate, decelerate or stop the automated review process. The mode of automated review
can also be changed at will by the user. Such modes include, for example, step, stop-and-
repeat screeming, continuous screening, and slow-mode screening, among others.
Additionally, the cytotechnologist may at any time elect to switch to a manual review mode,

for instance, in order to review surrounding areas on the slide at issue without being limited
to the established routing pattern. Beneficially, the screening station 110 then enables the

cytotechnologist to return to the automated routing pattern at the point that the
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cytotechnologist began to wander away from the established path. In this way, the station
110 helps to ensure that the cytotechnologist does not miss any areas of the specimen,
including those that may be potentially critical to accurate diagnosis.

In a preferred embodiment, the screening system defined in part by the mapper 104
and the screening station 110 beneficially may be coupled to a database management system
(DMS), for storage and display of information resulting from the screening process and other
a priori information (such as patient demographics and medical history data) and in turn to
facilitate passing pertinent findings to the expert pathologist for aid in diagnosis. The DMS
preferably takes the form of a programmed general purpose desktop computer that has
sufficient storage and processing capability to run, for example, a Microsoft Windows
operating environment and an advanced database apphlication such as Microsoft Access.
When screening a sample, the cytotechnologist may, for instance, enter notes about an area of
the sample, and those notes may be stored in the DMS together (in a database relationship)
with the spatial coordinates of the area of interest, as provided by the mapper.

During subsequent diagnosis, the reviewing pathologist may conveniently access the
notes corresponding to a specified slide or area of a slide by, for instance, scannmng a bar code or
other 1dentifying code associated with the slide, to access the corresponding information stored
In the DMS. In this way, once the sample is passed to the pathologist for expert diagnosis, the
pathologist may refer to the cytotechnologist's notes, various a prior1 information such as patient
demographics and medical history, and the corresponding sample region or regions of interest,
which may be simultaneously or subsequently visualized and reviewed with the benefit of
simultaneously reviewing the patient demographics and patient history data.

In an improved embodiment of the present invention, an enhanced "preprocessor”
system and "expedited screening" system is introduced. Figure 4 illustrates in general a process

flow according to this improved embodiment. Figure 5, in turn, illustrates in greater detail a

functional block diagram of the improved embodiment.

image data into a preprocessor machine. At step 24, the preprocessor analyzes the digital
image(s) of the sample and identifies cellular objects in the sample, such as normal and atypical
intact cells, well stained or poorly-stained cells or cellular components, well preserved or poorly
preserved cells or cellular components, subcellular organelle such as nuclei and nucleoli, regions

of cytoplasm, cellular fragments, cellular debris, adjomning or overlapping cells appearing in
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clusters or clumps, and multiple cells appearing together as a tissue fragment. The preprocessor
then eliminates areas of the siide that do not contain cellular matter, thereby identifying
"screenable regions" of the slide as described above.

At step 260, the preprocessor estimates for each cellular object a probability that the
cellular object 1s atypical ("probability of cellular atypia" or, more generally, "probability of
object atypia"). At step 28, the preprocessor estimates a probability that the sample as a whole,
and therefore the underlying specimen, is atypical ("probability of specimen atypia"), based at
least 1n part on the estimated probabilities of cellular atypia.

At step 30, the preprocessor determines whether the estimated probability of specimen
atypia falls within a range that would suggest the specimen is "suspicious" or "abnormal."
These ranges may be determined by training the preprocessor to mimic the classification
performance of expert cytopathologists on large number of training and test slides or other

control data. The ranges may correspond to diagnostic categories such as "within normal

limits," "pre-cancerous” and "cancer." If the probability of specimen atypia falls within this
range, then, at step 32, the preprocessor categorizes the specimen as "suspicious" or
"abnormal." In turn, at step 34, the preprocessor identifies the "suspicious” and "atypical”
cellular objects 1n the specimen, based on their estimated probabilities of cellular atypia.

At step 36, the preprocessor then presents those "suspicious” and "atypical” cellular

objects to a cytotechnologist for screening at a screening station such as the TRACCELL®-
guided ACCELL® workstation described above. In addition, this screening process is aided by

a "preview" system. According to the preview system. the preprocessor or other data
management system compiles and presents to the cytotechnologist, prior to actual screening,
a set of "biasing-information" (or a priori information) about the specimen. The biasing-
information, which preferably includes discrete images of the most suspect cellular objects in
the sample or the relocation of the cells in the microscope for human review prior to
screening, 1s designed to enable the cytotechnologist to quickly form an educated opinion as
to whether the specimen at issue 1s likely to be normal or is likely to be suspect. In turn, with
knowledge of this a priort information, the cytotechnologist may efficiently spend more or
less time actually screening the sample.

If, at step 30, the preprocessor's estimated probability of specimen atypia does not fall
within the range suggesting that the specimen is "suspicious” or "abnormal”, then, at step 38,

the preprocessor categorizes the specimen as "apparently-WNL." Specimens categorized as
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apparently-WNL by the preprocesser are then either automatically classified as WNL, at step
40, or presented 1o a cytotechnologist for screening, at step 42.
Reterring now 10 Figure $, the improved embodiment of the present invention takes the
form of an integrated laboratary diagnostic system. In Figwre S, at block 44, 2 cytological
5  specimen is first collected from a patient, and a sample soch as a Pap smear is prepared from the
specimen. At block 46, the sample is then optically scanned and analyzed by the PIeprocessor.
In the preferred embodiment, the preprocessor may consist of one or more machines and
preferably includes at least one computer processor and a set of software routines for canrying
out the vanous finctions described below. In addition, the preprocessor is preferably interfaced
10 with or connected to a file server, providing an electronic galeway 1o relevan information about
specunens as will be described in greater detail below.
The preprocessmg functions of the preferred embodiment may be entirely automated and
camed out by the preprocessor machine(s). Alternatively, as indicated by block 47 in Figure S,
the preprocessing functions may include both fully automated machine processimg and human
15  "processing” or mmteraction. The machine and human processing may be independently
performed or interactive in, for example, a closely coupied interactive operating environment
with feedback from the machine to the human and from the human 10 the machine.
In addinon, the preprocessing functions of the present mvention may be carried out in
‘cither one pass or multiple passes. For instance, the invention may involve first scanning a
20 sample a1 low spatial and optical resolution and analyzing the low resalution wmage(s) to idennfy
screenable reglons and to ehiminate artifacts. Samilarly, in a first pass, the preprocessing image
analysis may be conducted in black and white. In turn, for instance, the mvention may involve
scannung the sample at a higher resolution, and possibly in full color, and analyzing the image(s)
1o categonze types of cellular matter in the sample (such as idennfying "suspicious" or
25  "ahnormal” cellular objects ar regions-of-interest).

As shown by functional block 48 in Figure 5, the preprocessor serves in part as a
specimen pre-screener. 'This pre-screener preferably performs the functions of the TRACCELL®
system described above, such as detecting and mapping regions of the slide and climinating
unsansfactory samples from further processing. In addition, as shown by block 50 in Figure S,

30  the preprocessor serves in part as a "suspicious and atypical event detector and analyzer"
(also referred 1o as an "atypia analyzer"). As an atypia analyzer, the preprocessor identifies
suspicious and abnormal cellular objects in the sample and, based on a statistical analysis of
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the level of atypia of these cellular objects, automatically categorizes the specimen as either
(1) "apparently-WNL" or (ii1) "suspicious or abnormal" (apparently-not-WNL).

To 1dentify and evaluate cellular objects in the sample, the preprocessor preferably
applies statistical and hierarchical pattern recognition techniques and thereby estimates for
each cellular object a probability that the object is atypical (i.e., a "probability of cellular
atypia”). More particularly, the preprocessor preferably analyzes the digitized images of
sample regions or the discrete cellular objects already identified in the pre-screening stage,
and compares features found in those images to certain morphological, photometric, spectral,
and other features that, individually or collectively, have known meaning. These features
may 1nclude, for example, specified size, shape, color, optical density range (gray level range

or contrast), optical density distribution (texture), and topology (architecture relative to other

cells) and combinations of such parameters.

The more a given cellular object matches or diverges from various known features or
combinations of features, the more the preprocessor may be able to draw conclusions about
the probability of atypia of the object. For instance, if a particular cell nucleus shape is
known to be associated with cancer, the preprocessor may conclude that a cellular objecf very
close to that shape 1s very likely to be problematic -- or is very suspicious. The preprocessor

may therefore estimate a high probability of atypia for such an object. Conversely,

divergence of a cellular object from that shape may indicate to the preprocessor that the
cellular object is less likely to be problematic. The preprocessor may estimate a lower
probability of atypia for such an object. |

It wall be understood that the information (such as known features or "normal" r&nges)
reterenced by the preprocessor in evaluating cellular atypia may be population-based and/or
specimen-based. Population-based information may be statistical information, such as
averages, standard deviations and statistical moments of inertia, derived from large samples
of patients. Such information may indicate generally that a given shaped cell is likely to have
a given meaning. Population-based information may also include information established
from a control specimen known to be normal for a given population, and/or a control
spectmen known to be abnormal for the given population. On the other hand, specimen-
based information may be statistical information derived from the cells of the specimen at

1ssue, thereby providing a personal or individualized baseline for the patient from whom the

specimen was collected.
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In addition, the preprocessor may also consider other factors related to the specimen
at 1ssue, In estimating probabilities of cellular atypia. These factors may include, for
Instance, data regarding patient medical history and demographics, such as an indication that
the patient from whom the sample was drawn is particularly at risk for cancer or other
diseases or has a history of abnormal Pap smears. Such information may automatically signal
to the preprocessor that certain cellular objects that would otherwise be of little interest to a
cytotechnologist may be more likely to be of interest. Conversely, such information may
indicate that objects having generally atypical traits may in fact be normal for the particular
patient. For example, it is known that many early indicators of cancer are, morphologically
speaking, essentially identical to normally occurring cytological changes associated with cell
repair, therapeutic treatments (such as radiation therapy) and/or various demographic factors.
Theretore, the preprocessor may adjust its estimates of cellular atypia based on such a priori

information.

In the preferred embodiment, the preprocessor assigns an estimated probability of
cellular atypia to each cellular object of the sample. For instance, a probability of 1.0 may
represent the most atypical object (such as a clearly cancerous cell), and a probability of 0.0
may represent the least atypical or the most normal object (such as a healthy cell). The
preprocessor then stores in a buffer the coordinates of cellular objects (or fields-of-view
containing cellular objects) that have varying estimated probabilities of cellular atypicality.
In addition, the preprocessor preferably ranks these objects in descending order of probability
of atypia, thus providing a ready indication of the most suspect objects of the sample. In
addition, the preprocessor may compute and store an indication of its level of confidence in
each of 1ts probability estimates, such as, for instance, an indication that it is 80% certain that
an area 1s of interest (e.g., atypical or complex), or that it is only 20% confident in its finding.

Based on its estimates of probabilities of cellular atypia for the cellular objects in the
sample, the preprocessor then preferably derives a statistical atypia distribution for the
sample as a whole. This statistical atypia distribution will serve as the basis for a quantitative
an evaluation or estimate of the probability that the sample as a whole (and in turn the
underlying specimen) is atypical (or "probability of specimen atypia"). For example, the x-
axis of the distribution may be the estimated probability of cellular atypia, and the y-axis of
the distribution may be the number of cellular objects in the sample having that estimated

probability. The preprocessor may additionally weigh, or adjust, this statistical distribution

based on a knowledge of various factors that may affect the estimate, to the extent the
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preprocessor did not already consider those factors in estimating individual probabilities of
cellular atypia. For instance, the preprocessor might adjust its estimated probability of
specimen atypia based on information about patient medical history or demographics.

Based on the estimated probability of specimen atypia, as represented by a statistical
atypia distribution, the preprocessor may decide whether or not the specimen is apparently-
WNL. For instance, 1f all of the cellular objects in the sample have zero probability of
cellular atypia, then the statistical atypia distribution for the sample will indicate a zero
probability of specimen atypia. On the other hand, if the distribution resembles a Poisson
distribution peaking at around 0.9 probability of atypia with the tail of the distribution going
toward 0.0, then the preprocessor may well conclude that the specimen is abnormal or at least
suspicious. Similarly, if the atypia distribution is skewed toward higher probabilities of
atypia, even though 1t peaks at a lower probability of atypia, the preprocessor may conclude
that the specimen 1s apparently-not-WNL and is likely to be suspicious or abnormal.

Path "A" 1n Figure 5 represents the specimens that the preprocessor categorized as
apparently-WNL. As shown at block 52, the preprocessor or other machine (or person) may
then automatically classify and report some or all of these "apparently-WNL" specimens as
WNL. Alternatively, as shown at block 54, some or all of these "apparently-WNL"
specimens may be presented to a cytotechnologist for quality control screening. In this
regard, while the U.S. Food and Drug Administration now permits fully automated
classification of a Pap smear specimens as WNL, in limited cases and with restrictions, it
may nevertheless be desirable to have cytotechnologists screen at least some portion of the
specimens that the preprocessor found to be apparently-WNL, in order to reduce the
possibility of false negative findings.

Advantageously, the cytotechnologist may conduct this quality control screening of

"apparently-WNL" samples with an automated microscope workstation such as the ACCELL®
workstation described above. In this regard, the TRACCELL®-like portion of the Preprocessor

may control the movement of a motorized microscope stage at the workstation, by
transmitting the coordinates of specimen regions to the workstation, thereby efficiently
guiding the cytotechnologist through screenable regions of the specimen. Further, knowing
that the preprocessor has already studied the sample and has found the sample to be

apparently-WNL, the cytotechnologist may more quickly screen the sample than would

otherwise have been possible absent the preprocessor of the present invention.
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Based on his or her screening of the apparently-WNL sample at block 54, the

cytotechnologist determines that the specimen is either (i) suspicious or abnormal, as shown
at block 58, or (1) WNL, as shown at block 60. All apparently-WNL specimens that are
deemed by the cytotechnologist to be suspicious or abnormal are then forwarded to an expert
pathologist for review and final diagnosis. In contrast, those apparently-WNL specimens that
are deemed by the cytotechnologist to be WNL are classified and reported as WNL. As
shown by path "C" in Figure 5, however, at least 10% of the apparently-WNL samples that
are deemed by the cytotechnologist to be WNL are preferably re-screened for added quality
control.

According to the preferred embodiment, all specimens that the preprocessor
categorized as "suspictous” or "abnormal” are processed by the atypia analyzer of block 50,
to distinguish "suspicious” and "abnormal” cells from "normal cells" and to exclude "normal"
cells from further processing. For instance, as to each cellular object, the preprocessor may
determine whether the estimated probability of cellular atypia of the object 1s greater than a
probability level predetermined at particular thresholds based upon statistical discrimination
experiments that maximize the classification accuracy of the machine as compared to expert
human diagnosis (i.e., the gold standard). If so, the preprocessor may designate the particular
cellular object as "suspicious” or "abnormal." If not, however, the preprocessor may
designate the particular cellular object as "normal." In this way, the preprocessor enriches the
cell population at issue in each sample, focusing the cytotechnologist's subsequent analysis
on only those cellular objects that are most likely to be of interest.

There may be some objects in the sample that the preprocessor cannot recognize or
that the preprocessor is otherwise unable to automatically categorize as '"suspicious or
abnormal" or "within normal limits." To reduce the chances of false negatives, the
preprocessor may designate such unknown matter or regions-of-interest as "suspicious.”
Alternatively, however, the preprocessor may present the unrecognizable matter to a human
and interact with the human as shown by block 47 in Figure 5. For example, the preprocessor
may display the object in question on a color-image monitor for consideration by a
cytotechnologist, and, based on a review of the object, the cytotechnologist may input to the
preprocessor a suggested designation of the object as either "normal" or "suspicious or

abnormal." The preprocessor may then use the information provided by the cytotechnologist

to categonze the object.
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Path "B" 1n Figure 5 represents the specimens that the preprocessor categorized as
"suspicious” or "abmormal." As shown at block 56, the enriched population of "suspicious”
and “abnormal” cellular objects in these samples are then presented to a cyiotechnologist for
screeming. As with the apparently-WNL specimens discussed above, the cytotechnologist may
conduct this screening with the assistance of an automated microscope workstation, such as the
TracCaLL ®-guided ACCELL® workstation. In this regard, since the preprocessor has already
identified the most suspect cellular objects in the sample, the preprocessar may efficiently guide
the cytotechnologist 1o screen only the "worst-case”™ objects, thereby expediting the screening
process.

In addmon, as noted above, the cywotechnologist's screening of each sample that the
preprocessor categarnized as "suspicious or abnormal” is preferably aided by a “preview” stage.
For this purpose, the preprocessor or other data management machine compiles and presents 1o
the cytotechmologist a variety of a priori information about the specimen, and the
cytotechniologist previews this a priori information before actually screening the specimen. This
preview 1s arranged to channel the cytotechnologist's anention toward significant specimen-
related wmformanon while allowing the cytotechmologist 1o focus less on insignificant
mformanan or "noise” that does not bear an whether the specimen is normal or abnormal. A
object of this preview stage is to minimize the possibility of a false negative diagnosis during the

cytotechnologist’s subsequent screening, by biasing the cytotechnologist's attention toward

diagnostically significant information-—An additional object of this preview stage is to enable the
Cytotecimologist to compile more readily the relevant information about the specimen for review
by a diagnosmg pathologist in relation 1o specific areas of the specimen.

During the preview stage, the preprocessor beneficially provides the cytotechnologist
with a vanety of useful information for consideraton by the cytotechmologist. This
information may be provided to the cytotechnologist in any convenient fashion and in any
form. Generally speaking, a file server may store some or all information pertinemt to
specimens being screeried &t a given cytology laboratory or &z a remote laboratory and may
serve one or more "chem” preview workstations at which peninent data is displayed. In one
embodiment, these preview display workstations may be incorporated in the same units that
are used as the screening stations, such as the AcCer1® warkstations.

Whether configured as a standalone unit or incorporated as part of the screening
workstation, the preview warksiation contemplated by the present invention preferably
Includes at lcast one computer or video display, or other mechanism for conveying ta an
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observer pertinent information about a specimen. The workstation 1s human controlled,
providing mechanisms to enable the cytotechnologist to flag information displayed in the
preview stage that appears to be particularly pertinent. As the cytotechnologist reviews the
preview information, for instance, he or she may operate a mouse or other selection device at
the preview workstation, to flag pieces of information that appear to bear on whether the
specimen at issue is normal, suspicious, or abnormal. As the cytotechnologist flags pieces of
information, or as the preprocessor generates pertinent information about the specimen at
1ssue as will be described below, the information may be automatically appended to the
electronic database record associated with the specimen, for convenient review by the
pathologist.

Additionally, the workstation preferably includes a bar code reader and mechanism
for scanning a bar code or other indicia, to provide a Cytotechnologist with the preview data

associated with a particular specimen. For this purpose, 1n the event the preview workstation
1s incorporated as part of the screening station such as the AcCELL® station discussed above,
the bar code reader 221 of the AcCELL® screening station may serve to initiate a preview of

data pertinent to the specimen under analysis by reading a bar code affixed to the specimen
shde.

In use, the preprocessor may obtain a portion of its preview information from external
sources such as external insurance company, hospital, or physician or laboratory databases or
direct data entry, and the preprocessor may generate other preview information based on its
direct analysis of the specimen at issue. Regardless of its origin, some or all of this
Information may be displayed for viewing by the cytotechnologist during the preview stage,
In order to bias the cytotechnologist's attention toward more diagnostically significant aspects
of the specimen. Therefore, all of this information may be referred to as "biasing-
information."”

As examples, and without limitation, the biasing-information provided to the
cytotechnologist by the invention may fall into categories such as (i) patient demographics
information, (ii) patient history information such as current or previous test results, (iii) the
slide at issue (such as specimen adequacy information (e.g., cellularity and staining
adequacy)), and (iv) images of the specimen, each of which will be described in more detail
below. This information may be selectively displayed in a single window on the preview
display or may, alternatively, be displayed in multiple windows for consideration in

combination by the cytotechnologist, as depicted, for instance, in Figures 6a and 6b. F urther,
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this information may take any of a vanety of formats, including, for instance, narrative
descriptions, tables, charts, plots, digitized (electronic) images, and microscope fields-of-
view, as well as enhanced 1mages, annotated images, and comparison displays of

combinations of various data types.

The preprocessor may compile some of the a pnioni information about the specimen as
it searches for and identifies cellular objects of interest in the sample. As described above,
for instance, the preprocessor preferably rank orders the cellular objects in the sample
according to their probabilities of cellular atypia, and the preprocessor stores images of the
identified cellular objects.

In addition, the preprocessor may also isolate each image of an atypical or suspicious
cell or field-of-view apart from any background images, to facilitate preview display of the
diagnostically significant images. The preprocessor may, for example, identify the location
of a cellular object or field-of-view 1n a given digital image and, through automated image
processing, eliminate the background around the area of interest and enhance the edges of the
object or field-of-view 1mage. The preprocessor may then combine these electronically
isolated images together 1nto a visual mosaic image, thereby forming an artificial or virtual
specimen or composite field-of-view that consists of cellular objects from the sample without
background images or "noise.” This synthesized image simulating a liquid-based preparation
may be referred to as an "Electronic Monolayer Preparation” (EMP). Alternatively, the
preprocessor may shade the background area, in order to usefully retain a visual context of
the cellular object or field-of-view while highlighting the area specifically of interest. This
process may require one or more passes through the stored digital images of the specimen.

As another example, the preprocessor may use pertinent a prior1 information about the
spatial distribution of certain types of samples when i1dentifying and ranking the probabilities
of atypia of cellular objects 1n those samples. For example, if the sample is a liquid-based
preparation such as a ThinPrep® slide (e.g., as shown in Figure 9), the geometry of slide will
contain areas of high cellularlity (such as the cellular disk), areas of medium cellularity (such
as the bleed zone), areas of low cellularity (such as the annular ring), and areas with ultra-low
cellulanity (such as areas outside the boundary imprint). It is thus known, for instance, that

objects in the annular ring of such a preparation are typically more likely to be degenerate
(e.g., artifacts) than objects 1n the cellular disk. As a result, if the preprocessor finds objects

with substantially the same probabilities of cellular atypia in the cellular disk and in the
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annular ring, the preprocessor may fairly conclude that the object in the cellular disk is
actually more likely to be abnormal.

In addition, the preprocessor may be configured to automatically flag certain other
pieces of information as likely to be pertinent to the cytotechnologist's analysis. For exampie,
the preprocessor may be configured to identify specimens that may be unsatisfactory for one
reason or another, such as due to questionable collection, fixation or staining. Rather than
rejecting such specimens outright, the preprocessor may set a flag indicating that collection
may have been unsatisfactory. As another example, the preprocessor may be configured to
specifically identify clusters of cells in the specimen and to flag such areas of the specimen as
likely to be pertinent.

Once the preprocessor has completed its initial processing of the specimen images and
data pertinent to the specimen under analysis, the preview workstation displays biasing-
information for viewing by the cytotechnologist. As indicated above, one category of such
information may be images of the specimen. In this regard, the preprocessor preferably
displays at the preview workstation a discrete set of the apparently "most atypical,” "most
suspect,” or "most complex" regions (cellular objects or fields-of-view) for consideration by
the cytotechnologist. For instance, these may be the stored images of cellular objects that the
preprocessor ranked with highest probabilities of atypia.

As depicted in Figures 6 and 7, for example, the preprocessor may display a gnd or,
alternatively, a visual mosaic (EMP) of a predetermined number of the most suspect objects
or fields. These images may depict either the individual cells or fields-of-view with
background images removed or shaded as discussed above. Additionally, the preprocessor
may highlight some of the images in this display (for instance, with color, texture or shading)
based on the preprocessor's automated findings, so as to focus the cytotechnologist's attention
on particular matters. Similarly, in a preferred embodiment, the preprocessor may display in
conpjunction with various discrete images, or in relation to the specimen as a whole, a
graphical scale, text or other indicia indicating the preprocessor's degree of confidence in its
findings that particular aspects of the specimen are likely to be of interest.

During the preview stage, in the event the cytotechnologist 1dentifies any of these
discrete objects as suspicious, the cytotechnologist may flag the object, for instance, by
clicking a mouse pointer on the discrete image. The cytotechnologist may further choose to
move the specimen physically under manual or computer control to visually review the

flagged objects or regions-of-interest. In a preferred embodiment, the cytotechnologist may
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also request the preprocessor to specifically characterize a particular cell. Additionally, the

cytotechnologist may manually or automatically input into the specimen record notes or

assoclated information keyed to the discrete cell image, for later review by the diagnosing
expert.

As an additional convenience, as the cytotechnologist is examining these discrete cell
or field-of-view images, the cytotechnologist may click on or otherwise select any of these
1mages 1n order to see an actual microscopic field-of-view or a magnified digital image of the
specimen area that includes the cell, as illustrated for instance by Figure 6. To provide this
function, the preprocessor may communicate with or serve as the specimen-mapping system
(such as the TRACCELL® system) to direct the screening station (such as the ACCELL®
screening station) to display the associated field-of-view. Alternatively or additionally, this
actual microscopic field-of-view or selected regions-of-interest from that field-of-view may
be displayed directly on the same monitor that serves as the preview display. In this way, the
cytotechnologist may quickly view the actual context of any cell that the cytotechnologist
sees as possibly suspect.

In addition, as suggested above, the preprocessor displays for preview by the

cytotechnologist a series of other pertinent biasing-information, obtained by the preprocessor

from external data sources and/or based on its own automated analysis. This information
may be displayed on the same or a different display than the discrete images of the cells or

hields-of-view. In the preferred embodiment, however, this information is displayed on the

same display as the discrete specimen images, so that the cytotechnologist can consider the
other information in the context of the specimen images.

One area of biasing information may relate to the patient from whom the specimen
was drawn and may include, for example, epidimiologic risk factors and abnormal prior
physical examinations or laboratory test results. Employing the preview system of the
present invention in the context of a lung cancer test (i.e., sputum screening), rather than a
cervical Pap smear test, for example, the preprocessor may usefully display an indication of
the number of packs of cigarettes per year that the patient has smoked. If the patient has
smoked more than a designated number of pack-years, for instance, the technician may wish
to flag this information, as the information may bear significantly on whether or not the
specimen 1s from a patient at high risk to develop lung cancer. As another example, in the
context of a Pap smear test, information about abnormal prior test results may include the

results of cellular DNA tests previously conducted on patient specimens. Still additionally,
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patient information may include, for example, other patient medical records, family medical
history, and patient demographics. For instance, this information may include specific
patient risk factors for particular diseases based on family history data.

Another area of biasing-information may relate to the results of other tests that have
been conducted on the same specimen being analyzed, for instance, from samples derived
from aliquots of the same specimen, possibly included on a discrete area of the same skide.
As an example, 1f the specimen has undergone an HPV or a cellular DNA ploidy test by the
cytology laboratory conducting the Pap test screening, the results of this test may be usefully
displayed at the preview workstation for convenient examination by the cytotechnologist.
Figure 6b shows an example of a computer display of a discrete set of nuclear images that

appear to be of most interest in a given specimen, together with a DNA histogram and

scatterplot display for the same specimen.

Still a further area of biasing-information may relate to the slide at issue. This
iInformation may include information flagged or noted by the preprocessor based on its
analysis of the specimen images. For instance, the preprocessor may include on the preview
display an indication that a given area of the sample contains a cell cluster and is therefore
more likely to be of interest. Information related to the slide at issue may also concern how
the slide has been handled or mishandled in the cytology screening laboratory or whether the

specimen 1s satisfactory in accordance with standards such as the Bethesda Classification

Code for gynecological specimens. In this regard, pertinent information may con¢ern
specimen collection, fixation and/or staining.

With regard to specimen collection, for example, the specimen that was drawn from
the patient may contain an inadequate vaginal, cervical or endocervical component.
Alternatively, the sample may contain an insufficient number of cells and therefore be viewed
as unsatisfactory. To make these determinations, the preprocessor may automatically analyze
the stored digital images of the sample to determine whether the sample lacks cells that
would be expected to be present in complete samples.

With regard to specimen fixation, those of ordinary skill in the art appreciate that a
specimen taken for a Pap smear test must typically be dipped into or sprayed with alcohol
immediately after being drawn, in order to preserve the specimen. If the specimen 1s: not
properly dipped into or sprayed with alcohol, air drying may rupture the nuclear envelope of
the cells or alter the chromatin structure and distribution, creating a blurry effect on the Pap

smear slide and decreasing the diagnostic value of the sample. The preprocessor system may
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be arranged to analyze automatically the stored digital images of the sample to identify the
presence of air-drying artifacts, which would reflect poor fixation techniques.

With regard to staining, the preprocessor may employ automated digital image
analysis techniques to determine that the sample was overstained or understained in that it
was subjected to too much or too little hematoxylin, for example. Alternatively, the system
may determine that the sample was understained in that it was not subjected to enough
hematoxylin. In either case, the preprocessor may display for examination by the
cytotechnologist information identifying the adequacy of staining. The operator may flag

such information and thus determine that the specimen at issue should not undergo an

accelerated screening process.

By displaying mformation about unsatisfactory collection, fixation or staining, the
cytotechnologist may convemently identify and note poorly prepared samples and may flag
the significant nformation for pathologist review. Additionally, in the event the
cytotechnologist determines, based on this information, that the sample at issue is
unsatisfactory for further analysis, he or she may either tag the sample to be returned without
further analysis or immediately forward the sample to the expert pathologist for diagnosis.

Still further, as the cytotechnologist is examining the biasing-information displayed at
the preview workstation, and particularly as he or she is previewing the grid of discrete cell
or field-of-view images, the preprocessor preferably provides the cytotechnologist with
access to a referential database to help analyze and place the specimen in context (e.g, with
use of AccuMed International, Inc.'s RELATIONAL CYTOPATHOLOGY REFERENCE GUIDE™
sottware). The preprocessor may include or may be locally or remotely interconnected to a
database containing information about other specimens. This database may associate
particular cellular characteristics with certain circumstantial information similar to the
information provided to the cytotechnologist for preview. As the cytotechnologist notes a
discrete specimen image of interest, the cytotechnologist may query the relational database
for information about other similar cells, or the preprocessor may be arranged to
automatically display pertinent information from the database. In doing so, the preprocessor
may conveniently form a search filter based on the information currently flagged by the

cytotechnologist. The preprocessor may thereby efficiently obtain database information

about similar cells with similar background information.

During the preview process, the preprocessor and human technician interact and learn

from each other, each gaining additional information that may aid in the cytotechnologist's
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subsequent screening of the specimen and perhaps uitimately in a pathologist's diagnosis.
Principally, the cytotechnologist benefits from viewing the biasing-information displayed by
the preprocessor, because this information enables the cytotechnologist to focus attention on
diagnostically significant aspects of the specimen. As a result, if the cytotechnologist has not
detected or flagged anything suspicious or noteworthy about the specimen after examining
the information provided by the preview preprocessor, then the cytotechnologist does not
need to spend a significant amount of time looking at the slide. The cytotechnologist may
instead assume that the specimen is probably one of the 90% to 95% that are normal, and the
cytotechnologist may more rapidly screen the entire slide for any cellular abnormalities.
Alternatively, if the cytotechnologist detects some possible abnormalities during this

prescreening process or has flagged information that may suggest the presence of

‘abnormalities, then the cytotechnologist may properly spend more than an average amount of

time screening this case with a greater than average probability of being abnormal. In this
way, the present invention beneficially channels the cytotechnologist's attention during actual
screening on specimens that are most likely to be suspicious or abnormal. On the other hand,
the invention enables the cytotechnologist to avoid spending unnecessary excess time

screening specimens that are likely to be within normal limits.

In addition, the preprocessor may learn significant information about the specimen at
1Issue from actions or behavior of the cytotechnologist, and the preprocessor may use this
information -- in addition to other information that it gleans from the specimen and/or from
external data -- to prepare for efficient screening by the cytotechnologist. At one level, for
Instance, this information may be as simple as the fact that the cytotechnologist requested an
exploded view of a specific specimen region or requested referential database information in
comparison to a specific specimen region. Knowing that the cytotechnologist took such
action regarding the specific specimen region may signal to the preprocessor that the region is
of significance to the cytotechnologist. This may cause the computer to flag an area for
expert cytopathologist review even if the screening cytotechnologist did not mark this
specific region-of-interest.

At another level, the preprocessor may acquire information about potentially
significant areas of the specimen at issue by monitoring the behavioral patterns of the
cytotechnologist during the preview process. In this regard, it has been determined that some
of the reactions of the cytotechnologist, even if subconscious, may convey information about

significant aspects of the specimen at issue. These cytotechnologist reactions may include,
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for instance, the movement patterns of the cytotechnologist's eyes viewing the preview

screen, the amount of time that the cytotechnologist's eyes focussed on particular pieces of

biasing-information, and the cytotechnologist's pupil dilation. As an example, if the
cytotechnologist's eyes suddenly move to or focus on a particular image of a specimen
region, the region of new focus may be a diagnostically significant area of the specimen.

In a preferred embodiment of the present invention, based on the information that the
preprocessor gleans from 1ts automated preprocessing as well as during the preview by the
cytotechnologist, the preprocessor next generates a routing function to facilitate automated
microscopic display at the screenming station of the fields-of-view that contain the "suspicious”
or "abnormal” cellular objects (those fields-of view or regions being considered to have the
probabilities of atypia of the cellular objects that they contain). As described above, such a
routing function, or routing pattern, 1s keyed to the spatial coordinates on the specimen slide
that were recorded dunng prescreening. In the preferred embodiment, the preprocessor may
base the routing pattern on any of a vanety of cnteria. Such criteria may include, for
exampie, the descending order of atypia or complexity previously established, the regions
that the cytotechnologist flagged as being of interest during preview, and/or the regions that
the preprocessor determined to be suspicious such as those regions that contain cellular
fragments or that are overstained or understained.

Additionally, the preprocessor may configure the routing pattern for most efficient
physical display at the screening station. As those of ordinary skill in the art will appreciate,
microscopically displaying regions of a specimen in an order based on level of interest
(probability of atypia) could result in iefficient movement around the slide from one region
to another. To avoid this result, the preprocessor may configure the routing function to group
specimen regions first by level of interest and then by location on the slide. Alternatively, the
system could display the most atypical cell images as shown in Figure 7, using an EMP or
alternative display approach.

For 1mstance, assuming the preprocessor has selected 100 regions that appear to be
most likely to be "most atypical," "most suspect,” or "most complex," the preprocessor may

order the top 25 of those regions by location, the next 25 by location, and so forth. In this

way, the screeming station will require less movement about the slide to enable screening of

the portion of regions designated by the preprocessor.

As another example, if the sample is a liquid-based preparation such as a ThinPrep®

shide, the preprocessor can use a pnioni information about the spatial distribution of the

-28 -




[ Y I A s SN I N ? dma\S T L2 T «J

Aug-20-99 18:05  From-

LA VAR — THI DT L3I0 -H 11

CA 02297119 2000-01-14 =871  P.11/14  F=254

sample to find the most atypical ar suspicious cells on the slide, such as those in the fields-of-
view illustrated by Figures 11 and 12, and present those areas to the observer, first. Then, the

present invention can guide the observer through the remaming fields-of-view with the other

(less suspicious) cellular material. This siratnfied approach enables the screener to review the

5 cellular material on a hqud-based preparaton in 2 sequence such that the most abnommal
cells are likely 1o be encountered earlier in the screening process.

Provided with the biasing-informanon from the previcw stage, the cytotechnologist

next conducts actual screenng of “suspicious” or “abnormal”™ cellular objects in the sample.
At this stage, the screening stanon preferably displays microscopic fields-of-views of
10 comaining the "suspicious" or "abnormmal" objects, according vo the routng function

developed by the preprocessor and at a most efficient rate. However, ultimate control over
the manner of display, such as speed and route, remains in the hands of the cytotechnologist,
for instance through 2 contral panel, keyboard or other input device provided at the screening

station. In addition to display of these fields-of-view through a mucroscope, the invennon
15  may also extend 1o display these regions-of-inierest for review on a computer monitor.

In a preferred embodiment, for instance, the routing function may call for the
screening station to display microscopically regions of the specimen in descending order of
probability that the regions are of interest. Recognizing that probabilities of interest are
likely to diverge more between the specimen regians that are more "atvpical,"” "suspect” or

20 “"complex" than those that are ranked lower by the preprocessor, the screening station may be
preset to route more sjowly through regions with higher probabilities and guicker through

other regions. The increase in speed as less mteresting regions are displayed for screening
may be contuinuous throughout the screening process. Aliernatively, the screemng stanon
may, for mstance, display a first group of specimen regions at one rate and then another
25  group of regians at another rate. Notwithstanding the automated display in accordance with
the routing function, however, the cytotechnologist may at any time elect to stop or manually
alter the screening proc:ss and custom-adjust the screening imes and rates at will.
Similarly, recognizing that the cytorechnologist is likely to be more interested m those
specimen regions ranked with higher levels of suspicion by the preprocessor, the screening
30 station may be set to display for 2 minimum period of time regions of the specimen that have
been determined to have at a predetermined interest level. For instance, the screening stanion
may be set to display for at least 3 seconds each of the top 10 "most arypical,” "most

suspect,” or "most complex” regions. The screening station may then display other regions
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relatively more quickly, again always allowing the cytotechnologist to interrupt the
automated screening process and proceed manually. The system can literally modulate the
time allotted per each field-of-view based upon its probability of containing abnormal cells,
the complexity of the field-of-view, its cellularity, the staining adequacy and many other

parameters.

The cytotechnologist may also, or alternatively, set the screening station to route

through areas of the specimen in a desired order or at a desired rate. For instance, the

cytotechnologist may set the screening station to highlight or stop the screening process at
each field-of-view that contains one of the "most atypical," "most suspect,” or "most
complex"” cells, objects, or fields-of-view that was displayed during the preview stage. In this
way, the cytotechnologist may automatically see these specimen regions in context. As
another example, the cytotechnologist may conveniently set the screening workstation to stop
automatically at every field-of-view containing one or more of the suspicious cells or at each
complex or otherwise flagged field-of-view. Still additionally, the cytotechnologist may set
the screening station to stop at only those "most suspicious” cells that the cytotechnologist
flagged during the preview stage or to stop at only those fields-of-view that meet specified
criteria, such as those containing fragments or those that were understained or overstained.
The system can be implemented so that individual laboratories or users can set the operating
charactenistics individually or laboratory-wide for customization. Of course, as those of
ordinary skill in the art will appreciate, the screening station may alternatively be prearranged
to automatically route through one or more of these fields-of-view with or without direct
input from the cytotechnologist.

As still another vanation, the screening station may be preset or configured by input
from the cytotechnologist with a maximum total screening time. This is a significant
requirement if this system is being used to re-screen all or many of the apparentiy WNL
specimens for quality assurance. Provided with the routing function developed by the
preprocessor, for instance, the screening station can then display specimen regions at a rate
designed to not exceed the preset maximum time. Again, however, the cytotechnologist is
preferably provided with the ability to interrupt such automated screening at any time, or to
proceed with automated screening without the maximum time constraint.

The present invention further contemplates that information gleaned during the

preview stage may be presented to the cytotechnologist during the screening stage, in

conjunction with specimen images being screened. For instance, the screening station may
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display pertinent information about a given field-of-view on a monitor as text or graphics
next to the actual field-of-view or overlapped over the field of view. Additionally, the
screening station may display or present indicia such as a sliding bar scale, Indicating of the
preprocessor's degree of confidence in ranking of probability of interest, similar to that

described above in the context of the preview stage.

Based on the cytotechnologist's screening of the "suspicious” or "abnormal” specimen

at block 56, the cytotechnologist determines that the specimen is either (1) suspicious or
abnormal, as shown at block 58, or (ii) WNL, as shown at block 62. All of such specimens
that the cytotechnologist deems to be suspicious or abnormal are then forwarded to an expert
pathologist for review and final diagnosis. In contrast, as shown by path "D" in Figure 5,
100% of such specimens that the cytotechnologist deems to be WNL are preferably re-
screened by the same or another cytotechnologist to ensure quality control, particularly since
the preprocessor had found some reason to designate the specimens as "suspicious” or
"abnormal." After this re-screening, if the cytotechnologist still deems such a specimen to be
WNL, then the specimen is classified and reported as WNL.

Preterred embodiments of the present invention have been illustrated and described.
It will be understood, however, that changes and modifications may be made to the invention

without deviating from the spint and scope of the invention, as defined by the following

claims.
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What we clamm 1s:

1. A process for Inspecting a plurality of specimens, said process compnmng for
each specumen.

(8)  acquinng mto a machine a set of digital data representing an image of said
specimen, said specumen defiming a plurality of objects;

5 (b) sald machine conducting an analysis of said digital data and th¢:reby
determumng per object whether or not said abject is suspicious ar abnormal; :

(¢) based on said analysis, said machine making a determination of whcthet said
specimen does 1Ot contain any suspicious or abnormal objects; :

(d) In response to & determination that said specimen does not con:am any

10 suspicious ar abnormal objects, skipping the following steps, whereby said specimen mgy be

excluded from further processing; and :

(e) In response 1o a determination that said specimen contains any suspicioils or
abnormal objects, performing the following sieps with respect tw only those ob_] eCts
determined by said machine 1o be suspicious or abnormal:

15 (1) said machine presenting to an observer a set of biaSing-infoun;htion
including at least objects that said machine identifies as most suspicious or abnoi-mal
whereby subsequent screening of said specimen by said observer may be bxased by
said observer's preview of said biasing-information;

(1)  said machine generating a routing function defining a scqucnde of

20 regions of said specimen containing suspicious or abnormal objects to be presentcd to
said observer for screening, said routing function defining for each of at lehSt a
plurality of said regions & timing parameter indicative of a duration of prescutanm of
said region, wherein sald uming parameter may vary among said regions bas¢d ar
least 1n part on levels of interest established by said machine for marter Wlthm| said

25 regions; and 5
()  thereafter awtomatically presenting said regions 1w said obsf:rvcr
according 1o said routmg function.
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2. A process as claimed in claim 1, further comprising:

said machine receiving input from said observer concemning said biasing information;
and

said machine basing said routing function at least in part on said wnput.

3. A process as claimed in claim 2, wheremn receiving input from said observer
comprises momtonng a behavioral pattern of the observer as the observer observes said
biasing-information.

4. A process as claimed i claim 3, wheremn said behavioral pattemn is selected
from the group consisung of movement of the observer's eyes, focus of the observer's eyes on
a parmcular piece of biasing information, and dilation of the observer's eyes, whereby said
behavioral pattern may indicate an object of merest to the observer.

s. A process as claimed in claim 3, wherein said behavioral pattern comprises
said abserver requesting additonal information about an object, whereby a request for
additional information about an abject may signal to said inachine that said object is of

mterest to the observer.

6. A process as clamed in claam 5, wherein said additonal information
compnses an exploded view of said object.

7. A process as claimed in claim 5, wherein said additional information
comprises referential database information for comparison to said object.

8. A process as claimed in clamm 1, wherein said specimens comprise cytological
specimens, and said objects comprise cellular objects.

Q. A process' as claimed in claam 1, wherein siud biasing-informaton finther
includes informanon selected from the group consisting of patient-specific information,
related-test mmformanon, slide-handling information, and specimen-adequacy information.
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10. A process as claimed in claim 1, wherem saud biasing-information further
includes historical specimen data provided by a referential database.

11. A process as claimed in claim |,
wherein said specimen comprises 3 cytological specimen and said matter comprises
cellular marter; and
wherein, presennng to an observer a set of biasing-information including objects that
5 said machinc identifies as most suspicious or abnormal comprises displaying a mosaic of a
plurality of cellular objects isolated from background images.

12. A process as claimed in claim |, wherewn automanically presenting said regions
to said observer according to said routing function comprises said machine conwolling an
automated microscope stage and sequentially bringing said regions into view through a

microscope lens assembly.

13. A process as claimed in claim 1, wherein said specimen compnses a Pap
sample collected from a panent.

14. A process as claimed m claim 13, wherein said Pap sample 1s selecied from
the group consisting of a Pap smear and a liquid based preparation.

15. A process as claimed m claim 1, further compnsing said machine
automatically classifying as witin-normal-limits a subset of said specimens determined o
not cantain any suspicious or abnormal objects.

16. A process as claimed in claim 1, further including permitting said observer 10
modify said sequence and durations as said regions arc automatically presented to said
observer according to said routing funcnon.

MeOONNELL MOErER
MANERT & PENOPF
300 S0UTH walrER DRIVE
3™ ROCR

134 com @t 7N ."_;,"{1
,Hﬂ‘f?iﬂrre b




02297119 2000-01-14

CA

PCT/US98/14719

WO 99/04244

/12

1

« IVWHON
ATINIYVAIV..

e —— . pa——

(3sibojoyied
1iedx3)

SISONOVIQ

(%06 b o)
TVYWHON..

(3ONVYHNSSY ALITYND)
(%01 b3} NvDSIY

g1 \
« IVWHONSV.
10 .SN0IDI148NS.,

11300V 69
ONIN33HOS

o/

IVNOILdO)

" —

(11320 vHy b 3)
ONINIIHISIHI

NOILVHVYdIHI
ANV NOILDJ3T7710D
NIWID34S

S - g

34\ Z1 —/

[ "SI

SUBSTITUTE SHEET (RSLE 26y



02297119 2000-01-14

CA

PCT/US98/14719

WO 99/04244

2/ 12

'I‘!'I‘l-l‘

Janyde) sdewn)

('Ill'i'l‘l'l'!-!'i'l-l-"l'll\\

SUBSTITUTE SHEET (SJLE 26)

e T S Ty jedea e NS e



02297119 2000-01-14

CA

PCT/US98/14719

WO 99/04244

3 / 12

SUBSTITUTE SHEET (RULE 26)



CA 02297119 2000-01-14

WO 99/04244 PCT/US98/14719

4 / 12

]—\“—,
COLLECT SPECIMEN / #—/20

PREPARE SAMPLE

| OPTICALLY SCAN 29
SAMPLE INTO MACHINE H

Flg. 4 MACHINE ASSESSES 23
SPECIMEN ADEQUACY H

P S

MACHINE IDENTIFIES 24
CELLULAR OBJECTS

MACHINE ESTIMATES PROBABILITY THAT 26
CELLULAR OBJECTS OR REGIONS OF I
INTEREST ARE ATYPICAL

SPECIMEN IS ATYPICAL, BASED IN PART ON <8
ESTIMATED PROBABILITIES OF CELLULAR *
ATYPIA AND SPECIMEN ATYPIA PROFILES

30

DOES PROBABILITY OF
SPECIMEN ATYPIA FALL
WITHIN PREDETERMINED
RANGE?

i

38
' MACHINE IDENTIFIES | | MACHINE"—Lf
. AS SUSPICIOUS OR | 32 IDENTIFIES AS f
ABNORMAL APPARENTLY WNL
vy
IDENTIFY SUSPICIOUS OR 34
ATYPICAL CELLS —
P S— CLASSIFY | | _PRESENT SampLe
AS WNL | FOVs TO OBSERVER. |
PRESENT SAMPLE FOVs TO 36 FOR SCREENING
OBSERVER, FOR SCREENING
WITH PREVIEW

—_—

SUBSTITUTE SHEET (RULE 26)



02297119 2000-01-14

CA

PCT/US98/14719

WO 99/04244

5 /12

(S Jeunou uiyjim)
INM SV AT/ 14044 Y

(Fulu2310s-21
12)je *' 31} 7 ssed

(_1RDIV pue @:uUuE,_[ PNV Yum ‘fenuewt) HNINTAUIS-4Y TOULINOD ALITVNO %01 2

e

TNM 39 0) Loyt
J1 paads 13431}
ud312s @ (10ss3230udo1d

.................... 0) TP ID{[eUIS e Jo uonauny
aq Kew) "IN m

ST ) TNM T TTTTTTTssesosososie--o- JO UOEILJISSE]D
SEHIERIRS paiewuoine AJing —

e ——.

010D Anjend)

MAIASEYd LITOHLIM

ok
—

[ SSe]

SISONOVIdJ TVNIA

404 LSIDOTOHLYVd

(Suuw| Jeuou uilim)
INM SV J714/1Ld0d3d

(urus313s-31
13)je “'3°1) 7 ssed

- e A e e g =
- oy W ayp = e @ W wh

TN (SISIOOTONHYLLOLA )

) AHl — - - —P
09 = NINSSIGIS SUIWIEIIUS

m ! NVINIH _a:t.ccom suawidads TN M ’S

: Apuaieddy

10 snoidsng ®

W wm @R R wm Sm S W e v e el R e e e g aee

ISe ) |[rrusouyy
10 sSnoKdsny

l+l

9§

. e Sy P W R S R R OSSO S-S O R TR W W TR O A BB TR W s s AR @R Gy S e A R ey vz e A

e SRR

SISSE[D oM} OJUI
suautidads sayeredoag

- iy wm W o v = g
w AR A W m oaa W W w W™ W

AMIIAIL WO

MAIAEYD HETM

<
Ty
\d

=

SEIIE IPUS SAPURUI|]

S W Y o W o P W A e

4
l
bl i T T e,

| ssed

8S . o
\ \ (SILSEOO JONH M LOLAD - 1A _<ML<~ |
= AH o ANV YOLIALHA ((lI209®1], ANV *8°3)
_ ¢ | ONINIZYOS NVIWNH INFALTVOIdALY dANDTUDS-T4d
" S . S _ ®SNOSNS |
' o 7T 3Uiusa15g panpadxy (SaUIYOBW 310W 10 dUV B 3y PINOD) 9 V\
) ! " JOSSID0Ud-TUd
. €9 m E —
o
LOOHLIM O HLIM pue
NOLLDH T'10.)
NAWIDAdS

— s

ONINGTYIS-1d TOLINOD ALITVIO %001 @

LINALLVd

S |

N
>
-
L
1
p
2
O
pr o
el

SNIWIDIdS

WLE £B)

|
¢

(

r—l

[ 4

w 4

SUBSTITUTE SHEE



CA 02297119 2000-01-14

WO 99/04244 PCT/US98/14719

6 / 12

SUBSTITUTE SHEET (RULE 26)



02297119 2000-01-14

CA

7/ 12 PCT/US98/14719

WO 99/04244

S
L

T A e wm . o

y

N L T - .,...I,..Ll -

<- “&uc...(ZQ

N

'SUTINTE _:_ﬁ:.::

SUBSTITUTE SHEET (RULE 26)

' Y ev I SN O e AR P 0l S 1d bl s 2. s . e e ™



CA 02297119 2000-01-14

WO 99
/04244 8 / 12 PCT/US98/14719

©)
(o)

SUBSTITUTE SHEET (RULE 26)



CA 02297119 2000-01-14

WO 99/04244 90 / 12 PCT/US98/14719

SUBSTITUTE SHEET (RULE 26)

selivAl vyt Sy o 2T T A XU N RO By 7 3 e g * vt D e b L e, e v s



WO 99/04244
<
&
=
3
2
L
S
G
S
Y —
— &
L
2 5
= 05
L
Y
Q
(2
3
o

Covershp Edge

Cellular Matenal

CA

—— .
-.‘

02297119 2000-01-14

10 / 12

Dense Cellular
htenal

¢-L8LOLLGIV

e B Sl EER g W S

- - 0

i
t

Fig. 9

SUBSTITUTE SHEET (RULE 26}

PCT/US98/14719

Coverslipped Area

Cervical “Pap Smear” on Micrescope Slide



CA 02297119 2000-01-14

WO 99/04244 11 / 12 PCT/US98/14719
o)
N2
I g
. é an "g’ A
= =N 8
— - =R =
. 5833
5 5 B m ©
2 . g
o
C‘L._{ -
R
[f M

Barcode Label (BL)

.v te H.‘)\\f ) | '/" ‘f .. .
. ? 4
-’ . e~ § Ve }'“
YK Y .
1"'),“ AT
- ‘\n"ll

Coverslipped Area (CA)

ThinPrep Slide (TS)

E-6.¢0

i
NI

PEA Y mpema g s

Fig. 10

SUBSTITUTE SHEET (RULE 26)



CA 02297119 2000-01-14

WO 99/04244 12 / 12 PCT/US98/14719

SUBSTITUTE SHEET \HLE 26)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings

