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A method of integrating an automated biological screening

system to a laboratory comprising the steps of:

(a) obtaining a slide set from the laboratory;

(b) gathering parameter data from the slide set wherein

the parameter data is representative of the slide set;

(c) measuring characteristics of the parameter data to

provide a plurality of processing quality data outputs

and

(dy integrating the plurality of processing quality data

outputs with each other to provide a suitability assessment of
the slide set, the suitability assessment indicating suitability
for processing by the automated biclogical screéning system.
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(57) Abstract

An automated biological screening systern (500) obtains bxolegxcal and procedural data from a slide set of a selected clinical laboratory
(210). The integration system ¢(500) tésts the data on standardized criteria and passes and fails the data in selected categories (30, 40, 50, 60,
70Y. The results of the assessment are used to make process adjustment recommendations (218) based on the results of a laboratory process
adjnstment procedure (214). Assessment and sdjustmenit may continug unti! dats from 4 slide set fiom the selected clinical laboratory passes
ifh each category (30, 40, 50, 50, 70). The integration systemi (500) then séts up, calibratés and installs S automated biological screening
systemi. During operation, the integration systern (500) continuéusly monitors (226) biological data generated by thé automated biological
screening system. ‘The biological data May also be stored in 4 central product/service database (232) for additional monitoring.
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METHOD AND APPARATUS FOR INTEGRATING AN AUTOMATED
SYSTEM TO A LABORATORY

Thie invention relates to a method and apparatus
for integrating an automated system to a clinical
laboratory, and more particularly to a method and
apparatus for integrating an autcomated biological
screening system to a clinical laboratory.

BACKGROUND OF THE INVENTION

Clinical laboratories vary widely in slide and
patient populations, sampling and fixation methods,
and staining protecols. As a result, significart
variations may occur in the cellular presentation of
bioclogical sgpecimens such as cervical Pap smears.
Although biological spécimen screehing systems, such
as the AutoPap® 300 System available from NeoPath,
Inc. of Redmond, Washington, may be designed to
normalize intra-laboratory and inter-laboratory
variations to accommodate specimen population,
sampling, and preparation differences, some
laboratories may have variations that fall outside the
designed operating range of a biological specimen
screening system. Consistent automated evaluation
accounting for the wide range of variation requires
detection of these wvariatiens during the initial
calibration, installation and normal use of the
bioclogical specimen screening system.

Assessing and optimizing laboratory practices
enables introdugtion of an automated bioleogical
specimen sc¢reening system to a broader base of
clinical laboratories. Onice introduced, laboratory
process and machine monitoring procedures can be uged
to maintain the effectiveness of a system in a
¢linical laboratory. These procedures increasé the
effectiveness of integrating a biological specimen
screening system into a laboratory. These procedures
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provide an objective quality assessment of a laboratory'’s
preparation and clinical practices.

It is therefore a motivation of the invention to provide an
automated system for assessing, optimizing and monitoring the
effectiveness of a biological sgpecimen screening system 1in
routine laboratory practice and to integrate an automated

biological screening system tco a clinical laboratory.

SUMMARY OF THE INVENTION

The invention provides a wmethod and apparatus for
integrating an automated biological screening system to a
laboratory.

In one aspect the invention provides a method of integrating
an automated Dbiological screening system to a laboratory
comprising the steps of:

(a) obtaining a slide set from the laboratory;

(b) gathering parameter data from the slidé set wherein
the parameter data is representative of the slide set;

(c) measuring characteristics of the parameter data to
provide a plurality of processing quality data outputs

and

(d) integrating the plurality of processing quality data
outputs with each other to provide a suitability assessment of
the slide set, the suitability assessment indicating suitability
for processing by the automated biological screening system.

In a second aspect the invention provides an apparatus for
integrating an automated biological screening system to a
laboratory comprising:

(a) a means for automated bioclogical screening providing
a biological data output;

{(b) 8 means for assessing laboratory processes connected
t.0 receive the bioclogical data output and providing a laboratory
process assessment output wherein the means for assessing

laboratory process further comptrises;

gy g
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(i) a means for gathering image data representative of a
population of slides from the laboratory and providing an image
data output;

(ii) a means for determining processing quality data
connected to receive the 1image data output and providing a
plurality of processing quality #zata outputs; and

(iii) a data processing system connected to receive and
integrate the plurality of processing quality data outputs with
each other, wherein the data processing system provides a
population suitability data output based on the plurality of

processing quality data outputs, where the population

suitability data output provides an indication of the

suitability of the laboratory’s slide population for processing
by an automatad biologiecal screening system;

(c) a means for adjusting laboratory processes connected
to receive the laboratory process assessment output wherein the
means for adjusting laboratory processes further includes means
for providing a process adjustment recommendation;

(d) a means for setup, calibration and installation of
the automated bioclogical screening system connected to receive
the laboratory process assessment output and providing a
calibration parameter output; and

(e) means for monitoring operation of the automated
bielogical screening system connected to receive the bioclogical
data output and the calibration parameter output and providing a
laboratory process monitoring output.

In a third aspect the invention provides an apparatus for
integrating an automated biological screening system to a
laboratory comprising:

(a) a means for automated biological screening providing
a biological data output;

{b) a means for assessing laboratory processes connected
to receive the biological data output and providing a laboratory

process assegsment output;
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(c) a means for adjusting laboratory procedures connected

to receive the laboratory process assessment output a:d

providing a process adjustment recommendation, wherein the means

for adjusting laboratory procedures further comprises a databank

5 of standard laboratory procedures and the process adjustment

recommendation 1is selected from the databank of standard

laboratory procedures;

(a) a means for setup, calibration and installation

of

the automated biological screening system connected to receive

10 the 1laboratory process assessment output and providing a
calibration parameter output; and
(e) a means for monitoring operation of the automated

biological screening system connected to receive the biological

data output and the calibration parameter output and providing a

15 system status output.
The invention also provides a method of monitoring
automatic biological screening system comprising the steps
measuring at least one machine operating parameter,

intervals, based on at least one recent slide set processed

one operating parameter.

The invention also provides a method of monitoring

mnam o cmea =a

an
of
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by

20 the automatic bioclogical screening system toc provide at least

an

automatic biocleogical screening gystem in a laboratory comprising

': the steps of measuring at least one laboratory process

25 parameter, at intervals, based on at least one recent slide

c . processed by the automatic biological screening system
provide at least one laboratory process monitoring parameter.
Unlegs the context clearly requires otherwise, throughout
. the description and the claims, the words ‘comprise’,
30 ‘comprising’, and the like are to be construed in an inclusive
et as opposed teo an exclusive or exhaustive sense; that is to say,
' in the sense of “including, but not limited to”.
Other objects, features and advantages of the present

invention will become apparent to those skilled in the art

to
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through the description of the preferred embodiment, claims ang

drawings herein wherein like numerals refer to like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

To illustrate this invention a preferred embodiment will
be described herein with reference to the accompanying drawings.

Figures 1A, 1B and 1C show the interactive biological
specimen classification system of the invention.

Figure 2 shows a process flow diagram of the slide sorting
data flow.

Figure 3 shows a process flow diagram of the method for
integrating an automated biological screening system of the
invention.

Figure 4 shows a flow chart of the method for accessing
laboratory processing quality of the invention.

Figure 5 shows a more detailed flow chart of the method for
assessing slide and specimen preparation quality of the
invention.

Figure 6 shows a flow diagram of one embodiment of the
laboratory process adjustment of the invention.

Figure 7 shows a flow diagram of one embodiment of the
setup, calibration and installation method of the invention.

Figure 8 shows a flow diagram of machine and process

monitoring of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODINENT

In a presently preferred embodiment of the invention, the
automated system disclosed herein is a system for analyzing
cervical pap smears, such as that shown and disclosed in
Australian Patent No. 670,938, entitled “Method for Identifying
Normal Biomedical Specimens”; U.S. Patent No. 5,528,703 which is
related to Australian Patent No. 671,984, entitled “Method for
Identifying Objects Using Data Procesging Technigques”; U.S.
Patent Application Serial No. 07/838,070, now U.S. Pat. No.
5,315,700, entitled “Method and Apparatus for Rapidly Processing
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Data Sequences”, by Richard S. Johnston et al., filed February
18, 1992; U.S. Patent Application Serial No. 07/838,065, now
U.S. Patent No. 5,361,140 entitled *“Method and Apparatus for

Dynamic Correction of Microscopic Image Signals” by Jon W.

Hayenga et al., filed 02/18/92; and Australian Patent
Application No. 34090/95; the disclosures of whi.ch are
incorporated herein, in their entirety, by the foregoing

references thereto.

The present invention is also related to biological and
cytological systems as described in the following patent
applications which are assigned to the same assignee as the
present invention, and which are all hereby incorporated by
reference including U.S. Patent No. 5,757,954 to Kuan et al.
entitled, “Field Prioritization Apparatus and Method”; U.S.
Patent Application Serial No. 08/309,061 to Wilhelm et al.,
entitled “Apparatus for Automated Identification of Cell
Groupings on a Biological Specimen”; U.S. Patent Application
Serial No. 08/309,116 to Meyer et al. entitled “Apparatus for
Automated Identification of Thick Cell Groupings on a Biological
Specimen”; Australian Patent Application No. 35854/95, entitled
“Biokogical BAnalysis System Self Calibration Apparatus”; U.S.
Patent BApplication Serial No. 08/678,124, filed 7/11/96; U.S.
Patent No. 5,627,968 to Lee et al. entitled “A Method for
Cytological System Dynamic Normalization”; U.S. Patent No.
5,638,459 to Rosenlof et al. entitled “Method and Apparatus for
Detecting a Microscope Slide Coverslip”; U.S. Patent No.
5,566,249 to Rosenlof et al. entitled “Apparatus for Detecting
Bubbles in Coverslip Adhesive”; U.S. Paternt Application Serial
No. 08/309,931 to Lee et al. entitled “Cytological S8lide Scoring
Apparatus”; BAustralian Patent Application No. 35128/95 entitled
“Method and Apparatus for Image Plane Modulation Pattern
Recognition”; U.S. Patent Application Serial No. 08/309,250 to
Leée et al. entitled “Apparatus for the Identification of Free-

Lying Cells”; Australian Patent Application Neo. 36763/95
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entitled *Method and Apparatus for Detection of Unsuitable
Conditions for Automated Cytology Scoring”; U.S. Patent
Application Serial No. 08/697,480, filed 8/26/96 entitled
“Biological Specimen Analysis System  Processing Integrity
Checking Apparatus” to Ortyr et al.; U.S. Patent No. 5,715,326,
filed September 8, 1994, entitled “Cytological System
Illumination Integrity Checking Apparatus and Method”, to Ortyn
et al.; U.S. Patent No. 5,581,631 entitled “Cytological System
Image Collection Integrity Checking Apparatus”, to Ortyn et al.;
U.S. Patent No. 5,557,097 entitled “Cytological System Autofocus
Integrity Checking Apparatus”, to Ortyn et al.; and U.S. Patent
No. 5,499,097 “Method and Apparatus for Checking Automated
Optical System Performance Repeatability” to Ortyn et al.

Now refer to Figures 1A, 1B and 1C which show a schematic
diagram of one embodiment of the apparatus of the invention for
integrating an automated biological screening system into a
laboratory 500. The apparatus of the imvention comprises an
imaging system 502, a motion control system 504, an image
processing system 536, a central processing system 540, and a
Workstation 542. The imaging system 502 is comprised of an
illuminator 508, imaging optics 510, a CCD camera 512,' an
illumination sensor 514 and an image capture and focus system

516. The image capture
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and focus system 516 provides video timing data to the
CCD cameras 512, the CCD cameras 512 provide images
comprising scan lines to the image capture and focus
system ©516. An illumination sensor intensity 1is
5 provided to the image capture and focus system 516
where an illumination sensor 514 receives the sample
of the image from the optics 510. In some embodiments
optics 510 mway comprise color filters. . In one
embodiment of the invention, the optics may further
10 comprise an automated microsc¢ope 511. The illuminator
508 provides illumination of a slide. The image
capture and focus system 516 provides data to a VME
bus 538. The VME bus distributes the data to an image
processing system 536. The image processing system

15 536 is comprised of field-of-view processors 568. The

images are sent along the image bus 564 from the image
capture and focus system 516. A central processor 540
controls the operation of the invention through the
VME bus 538. In one embodiment the central processor
20 562 comprises a MQTOROLA 68030 CPU. The motion
controller 504 is comprised of a tray handler 518, a
microscope stage controller 520, a microscope turret
522, and a calibration slide 524. The motor drivers
526 position the slide under the optics. A bar code
25 reader 528 reads a barcode located on the slide 524.
A touch sensor 530 determines whether a slide is under
the microscope objectives, and a door interlock 532
prevents operation in case the doors are open. Motion
controller 534 controls the motor drivers 526 in
30 response to the central processor 540. An Ethernet
communication system 560 communicates to a workstation
542 to provide control of the system. A hard disk 544
is controlled by workstation 550. In one embodiment,
workstation 550 may comprise a workstation. A tape
drive 546 ig connected to the workstation 550 as well

sEt TS
Ambaul otood

bl



»

PCTAUS 96 /07975
IPEA/US 20 DEC 199

as a modem 548, a monitor 552, a keyboard 554, and a
mouse pointing device 556. A printer 558 is connected
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to the ethernet 560.

During operation, the central computéer 540,
running a real time operating system, controls the
microscope 511 and the processgor to acquire and
digitize images from the microscope 511. The flatness
of the slide may Dbe checked, foxr example, by
contacting the four corners of the slide using a
computer controlled touch sensor. The computer 540
also controls the microscope 511 stage to position the
specimen under the microscope objective, and from one
to fifteen field of view (FOV) processors 568 which
receive images under control of the cemputer 540.

It is to be understood that the various processes
described herein may be implemented in software
suitable for running on a digital processor. The
software may be embedded, for example, in the central
processor 540.

In one mode of operation, a biological specimen
such as a Pap smear is loaded to a slide processing
system. The system processes a slide and generates an
analysis score. In one preferred embodiment o©f the
implementation, the analysis score is generated by the
method disclosed in the pending U.S. patent
application entitled "Method for Identifying Normal
Biomedical Specimens" to Alan C. Nelson et al.,
referred to hereinabove. The analysis score is then
thresholded. The slides having an analysis score less
than a normal threshold are classified as normal
slides whiclh can be reported ag rorxtal without human
intervention. The sglides having an analysis score
greater than or equal to the review threshold are the
potentially abnormal slides. These slides require an
independent microscepy review by a human. Figure 2
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shows a process flow diagram of the slide sorting data
flow.
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A slide set is provided in step 300 and provided to a
slide processing module 33G2. The slide processing
module processes each slide and provides an analysirc
score in step 302. Decision logic is applied to the

5 analysis score for each slide in step 304. The
decision legic categorizes each slide as either
clearly normal or requiring mic¢roscopy review. The
decision logic is:

IF analysis score < normal threshold THEN normal

10 ELSE microscopy review.

Refer now to Figure 3 which shows a process flow
diagram of the method for integrating an automated
biological screenirg system of the invention 2006. The
method makes a determination of a laboratory’s

15 cytological practices to improve effective operation
of a selected automated bioclogical screening system.
The method of the invention begins with selection of
a laboratory 210. The laboratory 210 selected could
be, for example, a clinical laboratory, research
20 laboratory, or A@~ cytological laboratory for the
screening of eervical Pap smears. A representative
slide set is obtained from the selected laboratory.
An example of a slide set is described below. The
invention then performs a laboratory process
25 assessment in step 212. The laboratory process
assessment step 212 evaluates the suitability of a
laboratory’s slide population and cytology practices
for effective processing by an automated biological
screening system such the Autopap 300 or similar
30 system. Depending on the result of the laboratory
process assessment step 212, the method proceeds to
the laboratory process adjustm@#nt step 214, or to.
setup, calibratign, and installation of the
preselected automated biological screening system in
35 step 220.
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The laboratory process adjustment step 214
recelives standardized input from step 216, which in
one preferred embodiment comprises standard slide and
biological sample collection, stand: d staining and
standard handling procedures. The laboratory process
adjustment step 214 compares and assesses the data
from the laboratory process assessment step 212 and
makes a process adjustment recommendation in step 218.
The process adjustment recommendations determined in
step 218 may be incorporated in wheole or in part by
the selected laboratory 210. A sample slide set
representative of the current laboratory technique i
obtained from the preselected laboratory 210 and
undergoes the laboratory process assessment step 212.
Depending upon the data generated by the laboratory
process assessment step 212, either the laboratory
processg adjustment step 214 is repeated, or the method
proceeds to @etup, calibration, and installation of
the preselected automated bioclogical screening system
in step 220.

The setup, calibration and installation of the
preselected automated biological screening system step
220 includes input of selected parameters in step 222,
which in one preferred embodiment include lab
operating parameters such as the review rate, as
described in greater detail with reference to Figure
5. The review rate is defined as the percent of
glides requiring microscopy review. The preselected
automated biological screening system may then be put
int® operation in step 224. Machine and process
monitoring dontinues during operation of the automated
system in step 226. In one preferred embodiment, the
machine and process monitoring step 226 includes
system integrity checks and machine and process
monitoring checks. The method further provides for a

© o memba b
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user interface for monitoring in step 228. If the
method determines a machine or process failure, then
a service call can be triggered in step 230 depending
on the severity of the machine failure, at other times
a reboot of the machine %s required. The re-calibrate
or reboot of the machine can be automatic or requested
by the user. The method also provides for monitoring
of the automated system during operation while it
processes data. The automated system processing data
is continuously updated and is optionally stored in
a product/service database at a central monitoring
center in step 232. The automated system processing
data transfers data through either a modem, tape or
other transferrable media. Data indicating a machine
or process failure triggers a response in step 234,
whic¢h in one preferred embodiment comprises a service
call or a process reassessment recommendation. A
technician initiates problem resolution in step 238,
if required, according to the result in steps 230 and
234. The process then returns to step 226 for
continued machine and process monitoring.

The method for integrating an automated
biological screening system of the invention comprises
four major components. Table 1 provides a summary of
these components and their functioms.
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Table 1
Laboratory Evaluates the compatibility
Process of a laboratory’s slide
Assessment preparation and cytology

practices with the
application of an automated
biological screening

system. )
Laboratory Improves the throughput and
Process acturacy of the automated
Adjustment bioclogical screening

system’s interpretation of
the laboratory’s slides.

System Setup, Installs and qualifies the

Calibration and system, and adjusts the
Installation operational parametexs of

the automated biological
screening system.

Machine and i Continuously monitors the

Process laboratory’s processes and

Monitering automated biological
screening system to ensure
integrity.

Refer now to Figure 4 which shows a process flow
diagram of the laboratory process assessment step 212.
A technician gathers a set of laboratory slides with
representative normal and abnormal slides in step 10.
Slides to be evaluated are from a selected laboratory.
In the preferred embodiment, the assessor acquires 400
slides from the laboratory. The slide set comprises
the following slides:

200 within normal limit slides,

150 low grade SIL slides, and

50 high grade SIL slides.

Low grade squamous intraepithelial lesions (SIL)
and high grade sguamous intraepithelial lesiéns are
the extremes of a spectrum of lesions which may
include noninvasive cervical epithelial abnormalities
traditionally classified as flat condyloma,
dysplasia/carcinoma in situ, and cervical

o R W T
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intraepithelial neoplasia.

An automated system, such as, for example, is
described in the referenced patents, processes the
slide set to obtain data for assessing slide and
specimen preparation guality in step 20. In one
preferred embodiment, the autmomated system comprises
the AutoPap® 300, available from NeoPath, Inc, located
in Redmond, WA. The automated system processes and
obtains data from the acquired slides.

In steps 30-70, the automated system performs a
series of tests on the data obtained in step 20. 1In
step 30, the automated system performs a Slide
Physical Characteristics Test to evaluate the physical
characteristics of Pap Smear slides to determine if
they can be successfully scanned by a predetermined
automated biological specimen analyzexr, such as the
AutoPap® 300 System. The slide  Physical
Characteristics Test evaluates the physical
characteristics of the slides acquired from the
laboratory. These physical characteristics include,

for example, the characteristics shown in Table 2.

v
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Table 2

Slide too thick

Unable to map coverslip
surface

Coverslip edges not detected

Coverslip length not 40, 50,
or 60 mm

Coverslip width not with
limits

| Coverslip corners not square

Coverslipped area too small

Coverslip skewed on slide

Unable to focus on specimen

Coverslip and specimen too

thin
Coverslip and specimen too
thick
During evaluation, the automated system

discontinues processing for slides that fall outside
of an acceptable range for any of the preselected
criteria. The automated system counts a proportion of
slides failing processing. In one preferred
embodiment, the slide set is considered to pa&s if the
proportion of slides failing processing is less than
6%; ctherwise the slide set fails.

In step 40, the automated system performs a
specimen c¢ollection quality test to evaluate the
quality and sufficiency of the specimen material
sampled on the slide. Specimen collection quality is
highly dependent upon a clinic’s sampling tools and
techniques for specimen collection. In the preferred
embodiment, the Specimen Collection Quality Test
comprises two tests. Tables 3 and 4 list gualities
for which the slide set is tested. Slides failing
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these tests comprise the specimen collection quality

failures. Table 3 tabulates slide set-up related
failures. Table 4 tabulates failures related to
process suitability failures. Process suitability
5 failures include, for example, slides for which

process results cannot be expected to be reliable, for

example, when the process detects too few reference

cells. The proportion of slides failing processing
for these reasons is measured. In the preferred
10 embodiment, if the pxoportion of slides that failed

the first test is less than 7%, the slide set is
considered to pass the first test; otherwise, the
slide set fails.
In the preferred embodiment, the second specimen
15 guality test measures and ranks the reference cell
ratio for all normal slides. The reference cell ratio
is the number of detected reference cells ( that is,
free-lying intermediate cells) on a slide divided by
the number of all objects detected on the slide. 1In
20 one preferred embodiment, if 85% of the normal slides
have a reference cell ratio greater than 0.015, then
the slide set is considered to pass the test;
otherwise, the slide set fails.
The slide set is required to pass both specimen
25 quality tests to pass the specimen collection quality
test.

Y
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Table 3

Lack of material in center

Too few points for low-power
1focus map

Specimen distributed in small
area

Unable to focus on specimen

Specimen tilt

Too few fields ranked in low-
power scan

Too few points for high-power
focus map

High-power focus surface too
variable

Too few focused fields in high-
power scan

Table 4

Insufficient reference cells

Image gquality not within limits,
{percentage of fields focused on
first try.

Image quality not within limits,
percentage of fields never
focused.

The automated system performs a Slide Handling
Quality Test in step 50. The Slide Handling Quality
Test determines if slide handling practices may need
to be modified to facilitate effective processing on
a selected automated system, such as the AutoPap?® 300
System. The test evaluates the gquality of slide
barcoding, cleaning, and loading practices at a
preselected c¢linical site. Tables 5 and 6 list tests
for slide handling quality failures. Table 5
tabulates slide set-up related failures. Table 6
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tabulates failures related to process suitability
failures. The system measures the proportion of
slides failing these tests. In the preferred
embodiment, if the proportion of slides that failed is
less than 5%, the slide set is considered to pass the
slide handling quality test; otherwise, the slide set
fails.
Table 5

Slide barcode not read

Slide tilted

Table 6

Image quality not within limits,
excessive striping.

Image quality not within limits,
high power magnification image
saturation (small amounts)

Image quality not within limits,
high power magnification image
saturation (large amounts)

Image quality not within limits,
low power magnification image
saturation.

The automated system performs a Preparation
Quality Test in step 60. The Preparation Quality Test
evaluates the result of lé&boratory fixation, staining,
and coverslipping procesges to see if the presentation
of cells is within an acceptable range. In the
preférred embodiment, five tests comprise prepdration
quality test — to pass the full test, the slide set
must pass all tests. Referring to Tables 7 and 8,
slides which fail processing for the tabulated reasons
comprise the preparation guality failuxes. The
proportion of slides failing processing for these
reasons is measured. Table 7 tabulates slide set-up
related failures. Table 8 tabulates failures related
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to process suitability failures. In the preferred
embodiment, if the proportion of slides that failed
the first test is less than 5%, the slide set passes
the first test; otherwise, the slide set fails.

5 Table 7

Too many bubbles

Too few fields ranked in low-
power scan

Table 8

10 Stain average not within limits

Cytoplasm Staihing not within
limits

Staining detail not within limits

Nuclear/Cytoplasm contrast not
15 within limits

Insufficient reference cells

Image quality not within limits,
high power magnification image
saturation (large amounts)

20 Image quality not within limits,

low power magnification image

saturation.

The second preparation quality test measures the

nuclear stain density of the reference cells detected

25 on the slide. Measurements are stored in a "mean
stain" bin. The mean optical density for each
detecte? intermediate cell nucleus 1is calculated.

Data for all the detected intermediate cell nuclei on

the slide is accumulated in a 10-bin histogram. The
) 30 average staining score for the normal slides 1is
§ calculated. In the preferred embodiment, if the
i average staining score is greater than 4.2 ox less
than 6.4, the slide set passes the test; otherwise,
the slide set fails.
] 35 The third preparation gquality test counts the

&
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number of potentially abnormal cell nuclei detected on
a slide (stage 3 abnormals). The 80th percentile of
the normal slides which contain endocervical component
cells is calculated. In the preferred embodiment, if
5 the 80th percentile is greater than 3, the slide set
passes the test; otherwise, the slide set fails.

The fourth preparation quality test measures the
80th percentile of the QC score of the normal slides
which contain endocervical component cells. In the

10 preferred embodiment, if the 80th percentile 1is
greater than 0.15 and less than 0.6, the slide set
passes the test; otherwise, the slide set fails.

The f£ifth preparation quality test measures the
median of reference cell nuclear texture (nuclear blur

15 average) for the normal slides which contain
endocervical component cells. In the preferred
embodiment, if the median is greater than 5.65, the
slide set passes the test; otherwise, the slide set
fails.

20 In step 70, the automated system performs a
Classification Test. The Classification Test
evaluates whether the customer slide and <cell
presentation are within the training range of the
AutoPap® 300 System to enable an effective

25 interpretation by the system. Thé test evaluates the
accuracy of slide classifications.

The system accuracy test evaluates sensitivity to
abnormal specimen morphology. The 80th percentile of
the QC score of the normal slides is calculated. 1In

30 the preferred embodiment, if more than 70% of the low
grade slides and 80% of the high grade slides have QC
scores above the 80th percentile for normal slides,
the slide set passes the test; otherwise, the slide
set fails.

35 In step 80, the automated system then integrates
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the results from the tests in steps 30-70. The output
from the test integration step 80 is the laboratory
process assessment data step 82. In one embodiment
the laboratory process assessment data step 82
indicates satisfactory laboratory processing in step
90 or may indicate at least cne process failure. If
the laboratory process assessment data indicates at
least one process £ailure the laboratory process
assessmerit data makes recommendations for adjustment
of laboratory or c¢linic procedures in step 100.

Table 9 provides a summary of the five tests
which, in one preferred embodiment, comprise the

laboratory process assessment step 212.
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Table S

Laboratory Process Assessment

Test Description 7
Slide Physical Evaluates the physical characteristics of
5 Characteristic Test Pap Smear slides to see if they can be
successfully scanned by the AutoPap® 300
, System.
Specimen Collection Evaluates the quality and sufficiency of the
Quality Test cervical specimen material sampled. The

success of the AutoPap® 300 System
| processing is highly dependent upon the
sampling tools and technique of the
specimen collection.

Slide Handling Quality Test | Dete¥mines if a customer’s slide handling
practices can be modified to facilitate
effective AutoPap® 300 System processing.
The test evaluates the quality of slide
barcoding, cleaning, and loading practices
in the customer sites.

Preparation Quality Test Evaluates the result of laboratory fixation,

' staining, and coverslipping processes to see
if the presentation of cells is within the
acceptable range of the AutoPap® 300
System.

vwm

10 | Classification Test Evaluates whether the customier slide and
‘ cell presentation are within the training
range of the AutoPap® 300 System to
enable an effective interpretation by the
system. The test evaluates the accuracy of
slide classifications.

e
—

Now referring to Figure 5, Figure % ghows a more

detailed flow chart of the method for assessing slide
and specimen preparation quality of the invention. 1In
one embodiment of the invention slides are collected
15 at step 102. At process step 104 the collected slides
are cleaned and a barcode is affixed to the slides.
At process step 106 the slides are processed in
accordance with the wvarious quality control metheds

LEAM T tan

described herein. Processing includes process steps
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108 through process step 126 as shown in Figure 5 and
as described with reference to the tables hereinbelow.
At process step 108 a percentage of slides is
determined as failing quality control processing for
physical characteristics. At process step 118 slides
are determined to be unacceptable as failing quality
control processing for physical characteristics if
more than 6% of the slides failed this test. At
process step 110 a percentage of slides is determined
as failing quality control processing for specimen
collection characteristics. At process step 120
slides are determined to be unacceptable as failing
quality control processing for specimen collection
characteristics if more than 7% of the slides failed
this test. At process step 112 a percentage of slides
is determined as failing gquality control processing
for slide handling quality characteristics. At
process step 122 slides are determined to be
unacceptable as failing quality control processing for
slide handling quality characteristics if more than 5%
of the slides failed this test. At process step 114
a percentage of slides is determined as failing
guality control processing for specimen preparation
characteristics. At process step 124 slides are
determined to be unacceptable as failing quality
control progessing for specimen guality
characteristics if more than 5% of the slides failed
this test. At process step 116 a percentage of
abnormal slides is determined as scoring higher than
the 80th percentile of ngrmal specimens. At process
step 126 slides are determined to be not acceptable if
fewer than 70% of the low grade slides or fewer than
80% of the high grade slides have scores higher than
the 80th percentile of normal specimens.

Néw refer to Figure 6 which shows a more detailed
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schematic diagram of one embodiment of the =iethod of
the invention to perform the laboratory process
adjustment step 214 and the process adjustment
recommendation step 218. The laboratory process
adjustment step 214 improves the effectiveness of an
automated biological screening system by applying a
recommended set of slide preparation standards 216 to
a laboratory’s slide preparation process. The
recommended standards 216 include but are not limited
to slide and <coverslip specifications, sample
collection tools and techniqués, staining an~
preparation processes, and slide handling procedures.

The laboratory process adjustment step 214
receives +the data from the laboratory process
assessmeat step 212. In one embodiment, the data from
the laboratory process assessment comprise slide
physical characteristics test failures 128, specimen
collection qualityltest failures 130, slide handling
quality failures 132, prepardtion quality test
failures 134 and classification accuracy test failures
136. In one embediment the laboratory process
adjustment stép 214 makes ©proecess adjustment
recommendations in step 218 based on the data from the
laboratory process assessment. The method of the
invention provides recommendations to address specific
failures. In one embodiment, the labotratory process
adjustment step 214 makes a standard slide or
coverslip recommendation 138 in response to a slide
physical characteristics test failure 128, a sample
collection tool recommendation 140 in rssponse to a
specimen collection quality test failure 130, a slide
handling protocols recommendation 142 in cesponse to
a slide handling quality failure 132, a slide
fixation, staining or coverslip affixing
recommendation 144 in response to a preparation
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guality test failure 134 and a sample colleetion tool
or method recommendation 146 in response to a
classification accuracy test failure 136.

In one embodiment of the invention, laboratory
process assessment test failures are confirmed by
additional processing and characterizations;
confirmation may further regquire evaluation of the
selected laboratory’s staining protocol and
additional, specific types of slides.

Now refer to Figure 7 which shews a flow diagram
of one embodiment of the setup, calibration and
installation process 220 of the invention. The
laboratory process way be determined to Dbe
satisfactory in step 148 after completion of
laboratory process assassment step 212 and laboratory
process adjustment step 214. A technician may set up
the automated biological SCreening system in. the
selected laboratory in step 150. The method optimiges
throughput of the automated biological screening
system by configuring the automated system as part of
an overall laboratory cytology workflew process. The
method further provides for optimization of sgystem
accuracy through calibration of machine parameters te
match the laboratory operation parameters in step 152.
In one embodiment, parameter calibration determimes
the most appropriate machine scote threshold to obtain
a desired slide review rate. During installation in
step 154, the automated biological screening system is
integrated with the laboratory workflow and gualified
for routine dSperation.

Now refer to Figure 8 which shows a flow diagram
of machine and process monitoring 226 of the
inventiori. After completion of setup, calibration and
installation in step 156 and upon opeération of the
mac¢hine, the method provides for continuous and

Ve ALt
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dynamic machine and laboratory process monitoring.
The machine and process monitoring ensures that
automated biological screening systems at laboratory
sites continue to operate properly.

In one preferred embodiment of the invention, the
procegs begins at step 158, where a batch of slides is
run to determine machine operating and process
parameters. The batch of slides is continually
updated over time to provide a current assessment of
automated system function and laboratory procedure.
The sglide processing 158 provides machine data for
machine monitoring 160 and slide data for process
monitoring 164. Machine monitoring 160 determines
whether operating parameters from the machine data are
within predetermined limits. Process monitoring 164
determines whether process parameters from the slide
data are within predetermined limits. Machine
operating parameters and laboratory process parameters
are checked against their expected values, which are
established during system sétup, calibration and
installation. For example, thgse parameters may
include the following:

System integrity parameters;

8lide physical characteristics paranstetrs;

Sample collection monitoring parameters;

Slide handling monitoring parametérs; and

Preparation monitoring parameters.

In one preferred embodiment, machine monitoring
160 may include system integrity tests and machine
monitoring software. The system integrity tests and
mEchine monitoring software way perform coéntinuous
checks on the status of the automated system. If
operating parameters are within predetermined limits,
the wmethod returns to slide processing 158.
Otherwise, if operating parameter are determined to

AL S et el -l
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fall outside of the predetermined limits, the method
flows to step 162 to perform operating parameter
adjustment or field service as necessary. The
automated biological screening system may inclvde a
calibration slide with a series of self tests and
automatic calibration procedures that monitor .and
calibrate many crucial aspects of system performance
in an on-going basis. The automated system may
perform these tests and calibrations as often as every
eight slides. The important operating parameters
monitored as part of system integrity and calibraced
inelude imaging  resolution, focus, mechanical
repeatability, image processing and illumination
stability. The system integrity self checks and
system calibrations assure that dirt, malfunction or
drift have not affected the processing results of the
automated biological screening system. In step 162,
the automated biological screening system may be
recalibrated to allow conditions that fall outside the
acceptable range of the system as necessary. In one
preferred embodiment, the automated syStem may allow
the laboratory to access plots of certain parameters
using the display window or the printer. The
automated system may provide instruction for
recovering f£rom an out-of-raunge conditions or may
trigger a call for field service.

Machine monitoring 160 and process monitoring 164
may further comprise transmitting the machine data and
the slide data to a product/service center. Data may
be transmitted through a modem connection or by
shipping media. The data is processed and stored in
a product/service database at the product/service
center. 1If machine data and slide data are within

' predetermined bounds, the method reéturfis to slide

processing 158 for continued monitoring.
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If machine monitoring 160 determines operating
parameters to be outside predetermined bounds, the
method may provide a parameter adjustment or,
depending on severity, trigger a field service call.
When operating parameters return to the predetermined
limits, the method returns to slide processing 158 for
continued monitoring.

If process monitoring 164 determines process
parameters to be within predetermined bounds, the
method returns to slide processing 158 for continued
monitoring. If process monitoring 164 determines
process parameters to be cutside predetermined bounds,
the method may determine a process parameter
adjustment or, depending on severity of the condition,
trigger a recommendation for an iteration of the
laboratory process adjustment in step 166. When
process parameters return to the predetermined limits,
the method refurns to slide processing 158 for
continued monitoring.

Those skilled in the art will recognize that
other types of automated biological inspection and
screening systems are within the scope of the
invention and that the invention is not limited to the
automated system described herein.

The invention has been described herein in
considerable detail in order to comply with the Patent
Statutes and to provide those skilled in the art with
the information needed to apply the novel principles
and to construct and use such specialized components
as are required. However, it is to be understood that
the invention c¢an be carried out by specifically
different equipment and devices, and that various
modifications, both as to the équipment details and
operating procedures, can be accomplished without
departing from the scope of the invention itself.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A method of integrating an automated biological screening
system to a laboratory comprising the steps of:

(a) obtaining a slide set from the laboratory;

(b) gathering parameter data from the slide set wherein
the parameter data is representative of the glide set;

{c) measuring characteristics of the parameter data to
provide a plurality of processing quality data outputs

and

(d) integrating the plurality of processing quality data
outputs with each other to provide a suitability assessment of
the slide set, the suitability assessment indicating suitability

for processing by the automated biological screening system.

2. The method of claim 1 whérein the step of integrating the
plurality of processing quality data outputs further comprises
the steps of:

(i) measuring a laboratory proceéess parameter derived from
the parameter data from the slide set to provide laboratory
process assesipent data;

(ii) providing a suitability assessment of laboratory
processes based on the laboratory process assessment data; and

(iii) independently adjusting the laboratory processes

based upon the laboratory process assessment data.

3. The method of claim 1 further comprising the step of
calibrating the automated Dbiological screening system in

response te the plurality of processing quality data outputs.

4. The method of claim 2 wherein the step of independently
adjusting the laboratory processes further comprises the step of
providing at least one lab process parameter adjustment

tecommendation.

ot i iy o e L N e

LI TR S e



10

15

20

25

-29.

5. The method of claim 3 wherein the step of calibrating the
automated biological screening system further comprises the step

of providing an interface for adjusting system parameters.

6. The method of claim 2 wherein the step of providing a
suitability assessment of laboratory processes basad upon the
laboratory process assessment data further comprises the steps
of:

(a) evaluating preselected characteristics of the slide
set; and

(b) determining laboratory process quality by checking
whether the preselected characteristics are within predetermined

limits.

7. The method of claim 6 wherein the step of evaluating
preselected characteristics of the slide set further comprises
the step of evaluating physical characteristics of a slide from

the slide set.

8. The method of claim 6 wherein the step of evaluating
preselected characteristics of the slide set further comprises

the step of evaluating system accuracy.

9. The method of claim 6 wherein the step of evaluating
presgelected characteristics of the slide set further comprises
the step of evaluating specimen material of a slide from the

slide set.

10. The method of claim 6 wherein the gstep of evaluating
preselected characteristics of the slide set further comprises
the step of evaluating handling quality of a slide from the
slide set.

11. The wmethod of c¢laim 6 wherein the step of evaluating

preselected characteristics of the #lide set further comprises
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the step of evaluating preparation quality of a slide from the

slide set.

12. The method of claim 2 wherein the step of independently
adjusting the laboratory processes further comprises the steps
of:

(a) comparing the laboratory process assesswment data to a
set of predetermined standards to provide a discrepancy output;
and

(b) determining at least one process adjustment

recommendation based on the discrepancy output.

13. The method of claim 2 further including the step of
adjusting the laboratory processes uhtil the laboratory process

assessment data are within a predetermined range.

14. The method of e¢laim 2 wherein the step of independently
adjusting the laboratory processes further comprises the step of
making a standard slide and coverslip recommendation when the
laboratory process assessment data indiecate a slide physical

characteristics test failure.

15. The wmethod of claim 2 wherein the step of independently
adjusting the laboratory processes further comprises the step of
making sample collection tool recommendation when the laboratory
procegs assessment data indicate a specimen cellectioh quality

test failure.

16. The method of claim 2 wherein the step of independently
adjusting the laboratory processes further comprises the step of
making a method recommendation when the laboratory process
assessment data indicate a specimen collection quality test

failure.

17. The method of claim 2 wherein the step of independently
adjusting the laboratory processes further comprises the step of
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making a slide handling protocols recommendation when the
laboratory process assessment data indicate a slide handling

failure.

18. The method of c¢laim 2 wherein the step of independently
adjusting the laboratory processes based upon the laboratory
process assessment data further comprises the step of making a
slide fixation recommendation when the laboratory process

assessment data indicate a preparation quality test failure.

19. The method of c¢laim 2 wherein the step of independently
adjusting the laboratory processes based upon the laboratory
process assessment data further comprises the step of making a
specimen staining recommendation when the laboratory process

assessment data indicate a ‘preparation quality test failure.

20. The method of c¢laim 2 wherein the step of independently
adjusting the laboratory processes based upon the Ilaboratory
process assessment data further comprises tlie step of making a
coverslip affixing recommendation when the laboratory process

assessment data indicate a preparation quality test failure.

21. The method of claim 2 wherein the step of independently
adjusting the laboratory processes based upon the laboratory
process assessment data further comprises the step of making a
sample collection tool recommendation when the laboratory
process assessment data indicate a classification accuracy test

failuxre.

22, The method of claim 2 wherein the step of independently
adjusting the laboratory processes based upon the laboratory
process assessment data further comprises the step of making a
sample collection wmethod recommendation when the laboratory

process assessment data indicate a classification accuracy test

3¢ failure.
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23. The method of claim 3 wherein the automated biological
screening system includes an imaging system, an image processing
system, and a central processing system that are characterised
by machine operating parameters, and wherein the method further
5 comprises the step of adjusting the machine operating parameters

according to the laboratory process assessment data.

24. The method of c¢laim 23 wherein the step of calibrating the
automated biological screening system further comprises the step
of calibrating machine operating parameters to obtain a desired

10 slide microscopy review rate.

25. The method o©f claim 1 wherein the automated bioclogical
screening system includes an imaging system, an image processing
system, and a central processing system that are characterised
by machine operating parameters, further comprising the step of
15 measuring at least one machine opervating parameter using the
image data from the slide set, at intervals, to provide at least
one operating parameter of the automated biological screening

system.

26. The wmethod of claim 25 further comprising the step of

s

20 displaying the at least one operating parameter.

-

s8a =

27. The method of claim 25 wherein the intervals comprise

[
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periodic time intervals.
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:;.3 28. The method of claim 25 wherein the intervals comprise random
svek
e time periods.

g N 25 29. The method of claim 25 wherein the intervals are based on

the number of slides examined.

36. The wmethod of claim 25 further comprising the step of

storing the at least one operating parameter in a database.
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31. The method of claim 1 further <comprising the steps of
measuring at least one laboratory process parameter, at
intervals, based on at least one recent slide set processed by
the automatic biological screening system to provide at least

one laboratory process monitoring parameter.

32. The wmethod of claim 31 further comprising the step of
displaying the at least one laboratory process monitoring

parameter.

33. The method of claim 31 further comprising the step of

providing at least one parameter adjustment recommendation.

34. The method of claim 31 wherein the intervals are time

periods that are periodic.

35. The method of c¢laim 31 wherein the intervals are time

periods that are random.

36. The method of claim 31 wherein the intervals are based on

the number of slides examined.

37. The method of <claim 31 further comprising the step of
adjusting laboratory processes based upon the at least one

laboratory process monitoring parameter.

38, The method of c¢laim 31 further cowprising the step of

calibrating the automated biological screening system.

39. The method of claim 31 further comprising the step of
storing the at least one laboratory process monitoring parameter

in a database.

40. The method of claim 31 wherein the automated biological
screening system includes an imaging system, an image processing
system and a central processing system that are characterised by

machine operating parameters, further comprising the step of

%gﬁeasurbmg at least one machine operating parameter, at
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intervals, based on the at least one recent slide set to provide
at least one operating parameter of the automated biological
screening system.

41, An apparatus for integrating an automated biological
screening system to a laboratory comprising:

(a) a means for automated biological screening providing
a biological data output;

(b) a means for assessing laboratory processes connected
to receive the biological data output and providing a laboratory
process assSessment output wherein the means for assessing
laboratory process further comprises;

(i) a means for gathering image data representative of a
population of slides from the laboratory and providing an image
data output;

(ii) a means for determining processing quality data
connected to receive the image data output and providing a
plurality of processing quality data outputs; and

(iii) a data processing system connected to receive and
integrate the plurality of processing quality data outputs with
each other, wherein the data processing system provides a
population suitability data output based on the plurality of
processing gquality data outputs, where the population
suitability data ©output provides an indication of the
suitability of the laboratory’s slide population for processing
by an automated biological screening system;

{c) a means for adjusting laboratory processes connected
to receive the laboratory process assessment output wherein the
means for adjusting laboratory processes further includes means
for providing a process adjustment recommendation;

(d) a means for setup, calibration and installation of
the automated biclogical screening system connected to receive
the laboratory procesg assessment output and providing a

calibration parameter ocutput; and
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{e) means for monitoring operation of the automated
bioclogical screening system connected to receive the biological
data output and the calibration parameter output and providing a

laboratory process monitoring output.

42. The apparatus of claim 41 wherein the means for determining
processing quality data further comprises a means for testing
slide physical characteristics connected to receive the image
data output and providing slide physical characteristics data

output.

43. The apparatus of claim 41 wherein the means for determining
processing quality data further comprises a means for testing
specimen material quality connected to receive the image data

output and providing specimen material quality data output.

44. The apparatus of ¢laim 41 wherein the means for determining
processing quality data further comprises a means for testing
slide handling quality connected to receive the image data

output and providing slide handling quality data output.

45. The apparatus of claim 41 wherein the means for determining
processing quality data further comprises a means for testing
slide preparation quality cennected to receive the image data

output and providing slide preparation quality data output.

46. The apparatus of claim 41 wherein the means for determining
processing quality data further comprises a means for testing
system accuracy connected to receive the image data output and

providing system accuracy data output.

47. The apparatus of claim 41 wherein the means for gathering

image data further comprises an automated microscope.

48. The apparatus of claim 41 whetrein the means fér assessing
laboratory processes and the means for adjusting Ilaboratory

processes further comprise a central processor.
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49. The apparatus of claim 41 wherein the means for monitoring
operation of the automated biological screening system further

comprises resident machine monitoring software and system

integrity checks.

50. An apparatus for integrating an automated Dbiological
screening system to a laboratory comprising:

(a) a means for automated bieological screening providing
a biological data output;

(b) a means for assessing laboratory processes connected
to receive the biological data output and providing a laboratory
process assessment output;

(c) a means for adjusting laboratory procedures connected
to receive the laboratory process assessment output and
providing a process adjustmen: recommendation, wherein the means
for adjusting laboratory pr . ures further comprises a databank
of standard laboratory procedures and the process adjustment
recommendation is selected from the databank of standard
laboratory procedures;

(d) a means for setup, calibration and installation of
the automated biological screening system connected to receive
the laboratory process assessment output and providing a
calibration parameter output; and

(e) a means for monitoring operation of the automated
biological screening system connected to receive the biological
data output and the calibration parameter output and providing a

system status output.

51. The apparatus of c¢laim 50 wherein the means for wmonitotring
further comprises a product/service database fo¥ storing a

plurality of system status outputs from the wonitoring means.

52. The method of claim 1 wherein the step of obtaining a slide

set from the laboratory further comprises the steps of obtaining
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slides representative of a predetermined laboratory slide

population.

53. A method for integrating an automated system to a clinical

laboratory substantially as herein described with reference to

the accompanying drawings.

54. An apparatus for integrating an automated system to a
clinical 1laboratory substantially as herein described with

reference to the accompanying drawings.

DATED this 2nd Day of July 1998
NEOPATH, INC.

Attorney: PETER R. HEATHCOTE
Fellow Institute of Patent Attorneys of Australia
of BALDWIN SHELSTON WATERS
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