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Location-guided screening is a feature of the AutoPap primary
screening software. Areas of the smear most likely to contain an
abnormality are identified for prompr review by the cytotechnol-
ogist, thereby facilitating diagnostic accuracy and reducing labo-
ratory workload A two-armed retrospective study comprising
6,000 conventional smears was undertaken to compare this ap-
proach with the current practice of full manual screening of
conventional smears. Discrepant diagnoses berween the two study
arms were subject to an internal discrepancy review process to
determine the final truth diagnosis. Analysis of the results show
that AutoPap location-guided screening is at least equivalent fo
current practice when detecting high-grade or suspected high-
grade smears. However, the device does not detect low-grade
abnormalities, unsatisfactory smears, an endocervical component
or organisms, as well as standard screening. The device also
assigns a numerical score to each slide, with abnormal smears
allocated a higher rank. Slide ranking was found to be of value in
triaging abnormal smears for prompt screening and reporting.
The performance of the primary screening software was found to
be comparable to previous studies, with the majoriry of abnormal
smears being selecied by the instrument for manual review.
Diagn. Cytopathol. 2004;31:94-99.  © 2004 Wiley-Liss, Inc.

Key Words: cervical smear; AutoPap primary screening systern,
computer-assisted diagnoses; location-guided screening; automa-
tion

The AutoPap primary screcning system (APSS; TriPath
Imaging, Burlington, NC) was approved by the U.S. Food

and Drug Administration (FDA) on 5 May 1998 for in-
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tended use in the initial screening of Papanicolaou smears.
The system identifies up to 25% of successfully processed
slides as normal and requiring no further review (NFR).
These slides can be immediately archived. The remaining
smears, classified as review, are manuaily screened with the
device identifying at least 15% of smears for quality control
manuval rescreen.

Location-guided screening (AutoPap-GS) is a feature of
the primary screening software and allows the faboratory to
print a report (PapMap) that shows the areas of smears most
likely to contain an abnormality. The PapMap report con-
tains a to-scale rectangle representing the coverslip edges
and up to 15 areas most likely to contain an abnormality as
open circles (Fig. 1). The screening  cytotechnologist
screens the slides using these areas or field of views (FOVs).
T FOV review indicates no abnormal findings, then the slide
is reported as normal; otherwise, the smear is given a full
slide review (FSR). The review slides are further ranked by
the device from 1 to 5, with the first and second quintiles
indicating smears with the highest probability of containing
an abnormality. The features of the location-guided soft-
ware enables the laboratory to improve accuracy, reduce
workload, and triage abnormal cases for prompt review and
reporting.?

There have been few studies assessing the effectiveness
of location-guided screening of conventional smears. Apart
from two location-guided screening (LGS) feasibility stud-
ies conducted by the manufacturer,>* only two other pub-
lished studies have assessed the usefulness of LGS in a
laboratory setting.**

To appraise this technology, a two-arm retrospective
study of 6,000 conventionally prepared smears was under-
taken. The primary aims of the study were to determine
whether AutoPap LGS-assisted practice (AutoPap-GS) was
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Fig. 1. Conventional smear and PapMap showing FOV locations.

equivalent to the current practice of manual screening of
conventional smears when detecting all abnormal (low-
grade or worse) smears, unsatisfactory smears, an endocer-
vical component or organisms. The effectiveness of slide
ranking in triaging abnormal smears was also assessed.

Materials and Methods

A total of 6,000 consecutive Papanicolaou smeats reported
by the laboratory from January to February 2000 were
retrieved from archive. All slides were visually assessed for
suitability and were excluded if they met the following
criteria: broken or cracked slides or slides with two cover-
slips; smears from the vagina or vault; multiple slide cases
or smears prepared using monolayer technology. Each slide
was, allocated a unique barcode label to ensure that the
cytotechnologists were effectively masked to the original
diagnosis. The slides were processed on the APSS,
equipped with location-guided software, and slide results
and PapMap tray reports were printed. Slides classified as
NFR by the system were archived and PapMap FOV loca-
tions were manually traced onto review slides according to
company guidelines,?

The cytotechnologists initially screened the FOV loca-
tions. Ah FSR was undertaken if FOV review indicated the
presence of abnormal or questionable abnormal cells; an
unsdfisfactory smear, for example, too few squamous epi-
thelial cells or the presence of an inflammatory infiltrate or
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blood; a tumor diathesis; or a questionable hormonal pattern
inconsistent with patients age, menstrual cycle, or clinical
history.

Approximately 18% of the slides in the review group
were finally selected for quality control (QC) review. Be-
cause of their ranking, these slides have the highest proba-
bility of containing abnormal cells. Following initial screen-
ing by the cytotechnologist, who was effectively masked to
the final ranking of these smears, QC review slides received
an FSR with the FOVs in place. Slides that failed processing
due to physical characteristics or insufficient cellularity
were categorized as process review {PR) and rerun a second
time. A FSR was undertaken if the slide failed repeat
processing.

Each slide was allocated a truth, current practice, and
AutoPap-GS diagnosis. Truth was taken to be the concor-
dant diagnosis between the current practice and Auto-
Pap-GS diagnosis. Discordant diagnoses were adjudicated
by discrepancy panels and in these instances truth was
determined by majority agreement.

The AutoPap-GS diagnosis was recorded on worksheets
using the Australian Reporting Terminology.5 The catego-
ries are normal, including benign cellular change; low-grade
epithelial abnormality [mild dysplasia, human papillomavi-
ras (HPV), and nonspecific changes in squamous and glan-
dular cells]; high-grade epithelial abnormality (mederate to
severe dysplasia and carcinoma); inconclusive, possible
high-grade epithelial abnormality; and unsatisfactory. Table
I provides a translation between the Bethesda Reporting
System” and the Australian terminclogy. To simplify com-
parisons between study arms and test for the detection of all
abnormal smears, diagnoses were grouped into four main
categories: normal; low-grade epithelial abnormality
(LGEA); high-grade cpithelial abnormality (HGEA), in-
cluding inconclusive, possibly high-grade; and unsatisfac-
tory.

To determine the performance of AutoPap-GS for the
detection of an adequate endocervical component and the
presence of organisms or infective agents such as Candida,
Trichomonas, herpes simplex, and Actinomyces, the results
of the analyses were compared to current practice. An
adequate endocervical component was defined as the pres-
ence of a minimum of two clusters of well-preserved endo-
cervical glandular andfor squamous metaplastic cells, with
each cluster composed of a minimum of five well-preserved
cells.” The PapMap is not specifically designed to include
fields with endocervical cells. If an endocervical component
was not detected in the FOV location, no FSR was per-
formed. For these smears, an endocervical component was
reported as not detected. For slides categorized as NR, the
machine determination of the presence or absence of an
endocervical component was used in keeping with the in-
tended use of the primary screening software.
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Table I. Compariscn of Australian and Bethesda Reporting Terminology

Australian terminology

2001 Bethesda system

Negative ’ Negative
Low-grade epithelial abnormality

Low-grade squamous intraepithelial lesion (includes HPV, mild dysplasia), atypical squamous

cells of undetermined significance, glandular atypia (not otherwise specified)

Inconclusive
favor neoplasia
High-grade epithelial abnormality

Unsatisfactory Unsatisfactory

Atypical squamous cells of undetermined significance (cannot exclude HSIL), glandular atypia

High-grade squamous intraepithelial lesion, endocervical adenocarcinoma in sitm, carcinoma

An unsatisfactory smear was defined as showing a scant
epithelial component (well-preserved and well-visualized
squamous epithelial cells covering less than 10% of the
slide surface) or if obscuring blood, inflammation or air-
drying artifact precluded interpretation of approximately
75% or more of the epithelial cells present.”

Upon completion of the study, the AutoPap-GS and cur-
rent-practice arm diagnosis was compared. Current practice
involved an initial full manual screen followed by a manual
rescreen of smears from high-risk patients (approximately
20% of cases). The remaining smears were processed on the
AutoPap 300 QC device, with manual review of 10% of
smears selected as QC review.

Discordant diagnoses from the two study arms were
adjudicated by discrepancy panels, comprising three expe-
rienced cytology professionals, to determine the diagnostic
truth. Truth was determined by a majority agreement of the
three panelists (M.W.S., T.J.D., N.A)). Discrepancies in the
identification of an endocervical component or organisms
were reviewed by an expert cytotechnologist whose assess-
ment was considered to represent truth for the slides. To test
the equivalence of the two study arms, 2 X 2 contingency
tables were constructed for current practice versus AutoPap-
GS, which show agreement or disagreement between the
two study arms. The statistical test used to demonstrate the
significance of the results was the McNemar's exact test, a
conditional binominal test for matched pairs.®

The assignment of a numerical score (1-5) to each slide
allows the device to rank slides prior to diagnosis. Review
slides with a high probability of containing an abnormality
are assigned a higher score. The usefulness of slide ranking
information to facilitate slide triage and screening was also
assessed.

Results

Of the 6,000 smears retrieved from archive, 422 (7.0%)
smears were excluded from analysis. These included smears
with broken or cracked slides (29); multiple slides or slides
with two coverslips (186); vaginal and vault smears (123);
monolayer preparations (64); and smears excluded for other
reasons, for example, missing slide or cancelled requisition

' number (20). The remaining 5,583 smears comprised the

study population and were processed using the AutoPap-GS
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Table I, Final Diagnostic Truth as Determined by AutoPap-GS
and Discrepancy Panel Review

Normal 4,331 (94.3%)

LGEA 145 (3.1%)

HGEA 34 (0.7%)

Inconclusive 15 {0.3%)

Unsatisfactory 67 (1.4%)
Totat 4,592

software. Of these, 986 (17.6%) were classified as NFR and
immediately returned to archive. PapMaps were manually
drawn on the 4,440 (79.5%) of smears classified as review.
Eight hundred and eleven or 18% of the review slides were
selected for quality control rescreen (QC review). Manual
review of these review smears (n = 811) identified seven
low-grade smears, one inconclusive, possible high-grade
smear, and one unsatisfactory smear. One hundred and
fifty-seven (2.8%) smears failed repeat processing due to
technical reasons and these process review slides were
given a FSR.

Table II shows the final diagnosis of smears in the study
population, including resolution of discrepancies between
the two study arms. Where there is a discrepancy between
AutoPap-GS and current practice, the panel consensus de-
termines the truth for that case. These data are then com-
bined with the results obtained for the AutoPap-GS arm of
the study. A total of 194 (4.2%) smears were reported as
abniormal. Sixty-seven (1.4%) smears were found fo be
unsatisfactory due to an inadequate squamous component,
excessive inflammation, or blood.

The comparison in the performance of AutoPap-GS and
current practice for the detection of all abnormal smears,
classified as LGEA or worse, is shown in Table III. The 2 X
2 contingency table shows that AutoPap-GS identified an
additional 35 abnormal smears previously reported as nor-
mal by current practice, while AutoPap-GS missed an ab-
normality, as identified by current practice, in 92 smears.
The difference in detection of LGEA or worse between the
two study arms Is statistically significant (McNemar's test,
P < 0.0001). :

The majority of the missed abnormalities, 87/92 or 94.5%
of smears, showed only low-grade epithelial changes (Table




Table III: Result Matrix for Identification of All Abnormal Smears
{LGEA*y*
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Table VI. Result Matrix for Detection of an Unsatisfactory Smear
(n = 67y

Current practice

Current practice

AutoPap-GS* LGEAY Normal Total AutoPap-GS§° Unsatisfactory Satisfactory Total '
LGEA™" 158 35 193® Unsatisfactory 52 15 67
Normat 92 4,208 4,300 Satisfactory 32 4,493 4,525

Total 250 4,243 4,493 Total 84 4,508 4,592
*n = 194, P <2 0.0001. *P = 0.019.

*As determined by AutoPap-GS and discrepancy panel review.
®Excludes one smear diagnosed as unsatisfactory on current practice.

Table IV. Result Matrix for Identification of LGEA Smears
(n = 145)* .

Current practice

AutoPap-G§* LGEA Normal Total
LGEA 106 31 137°
Normal 87 4,208 4,295

Total 193 4,239 4,432
*P < 0.0001.

*As determined by AutoPap-G8 and discrepancy panel review.
*Excludes seven high-grade/suspected high-grade smears and one smear
diagnosed as unsatisfactory on current practice.

Table V. Result Matrix for Identification of HGEA and Suspected

“As determined by AutoPap-GS and discrepancy panel review.

Table VII. Result Matrix for the Presence or Absence
of an Endocervical Component*

Current practice

AutoPap-G5® Present Absent Toral
Present 4254 186 4,440
Absent 458 666 1,124

Total 4,712 852 5,564
*P < 0.0001.

*As determined by AutoPap-GS and discrepancy panel review.

Table VIII. Result Matrix for the Presence or Absence

- of an Organism or Infectious Agent

Current practice

High-Grade Smears (n = 49)* AutoPap-G§* Present Absent Total
Current practice Present 110 25 135

AutoPap-G§® HGEA Normal Total ~ “bsent 160 5,288 5,448

Total 270 5313 5,583
HGEA. : 27 4 31° P < 0.0001
Normal 5 4,208 4,213 a SNy . .
Total 2 4212 4244 '‘As determined by AutoPap-GS and discrepancy panel review.
#P = 1.0.

2As determined by AutoPap-GS and discrepancy panel review.
PExcludes 18 smears diagnosed as LGEA on current practice.

IV). AutoPap-GS identified an additional 31 low-grade
smears, which is statistically significantly different to the
detection rate for current practice (P << 0,0001).

AutoPap-GS was equivalent to current practice for the
identification of high-grade and suspected high-grade
smears (P = 1.0; Table V). AutoPap-GS detected four
high-grade or suspected high-grade smears that were clas-
sified as normal by current practice, whereas there were five
smears identified as high-grade or suspected high-grade by
current practice that were classified as normal by AutoPap-
GS.

Table VI summarizes the performance of AutoPap-GS in
identifying smears unsatisfactory for assessment. Auto-
Pap-GS detected 15 unsatisfactory smears, which were clas-
sified as satisfactory by current practice, whereas there were
32 smears detected as satisfactory by AutoPap-GS, which
were classified as unsatisfactory by current practice. There-
fore, the two stady arms were not equivalent in identifying
unsatisfactory smears (P = (,019).

The two study arms were not equivalent for the detection
of an endocervical component (P < 0.0001; Table VID.

AutoPap-GS failed to detect this component in 458 smears
detected by cwrent practice, whereas AutoPap-GS identi-
fied an endocervical component in 186 smears not detected
by current practice.

The study population comprised 295 smears with evi-
dence of organisms or an infectious agent. Fungal organ-
isms morphologically consistent with Candida was found in
274 (92.9%) smears; Trichomonas vaginalis, 13 (4.4%)
smears; cellular changes associated with herpes simplex
virus, 3 (1.0%) smears; and bacteria morphologically con-
sistent with Actinomyces, 5 (1.7%) smears. Table VIIT sum-
marizes the performance of AutoPap-GS in identifying the
presence of an organism or infectious agent. AutoPap-GS
detected 25 smears with organisms (Candida, 18 smears;
Trichomonas, 3 smears; herpes simplex virus, 2 smears; and
Actinomyces, 2 smears) that were not detected by current
practice, whereas AutoPap-GS failed to detect organisms in
160 smears detected by current practice (Candida, 153
smears; Trichomonas, 4 smears; and Actinomyces, 3
smears). Therefore, the two study arms were not equivalent
in identifying organisms or infectious agents (£ < 0.0001),

The ranking of abnormal smears by the APSS is shown in
Table IX. Of the 241 abnormal smears, classified as LGEA
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Table IX. Triage of Abnormal Smears

Quintile LGEAT HGEA

1 104 (43.1%) 37 (57.8%)

2 52 (21.6%) 10 (15.6%)

3 37 (15.3%) 6 (9.4%)

4 32 {13.2% 8 (12.5%)

5 16 (6.6%) 3 4.7%)
Total 241 64

or worse, 156 (64.7%) smears were ranked in the first and
second quintile. Thirty-seven (15.3%) smears were ranked
in the third quintile, 32 (13.2%) in the fourth quintile, and
16 (6.6%) in the fifth quintile. Forty-seven (73.4%) high-
grade or suspected high-grade smears weze ranked in the
first and second quintile. Six (9.4%) smears were ranked in
the third quintile, eight (12.5%) in the fourth quintile, and
three (4.7%) in the fifth quintile.

The performance of the APSS in categorizing slides as
NFR was also assessed. Of 986 smears classified as NFR,
‘975 were normal. The remaining 11 smears were subject to
discrepancy review to determine the final diagnostic truth.
These included seven smears reported as LGEA and one
smear as inconclusive, possibly of high-grade. None of
these smears showed evidence of disease progression at 6-
and 12-month follow-up. Three smears were reported as
unsatisfactory due to an inadequate squamous component
and were found te be normal on repeat cytology. Forty-six
smears showed evidence of an organism or infectious agent
and this finding would have gone unreported if the labora-
tory had been using the software in routine cytology prac-
tice.

Discussion

The effectiveness of the APSS has been validated in nu-
merous clinical trials with final FDA approval granted in
1998 for its intended use in the initial screening of cervical
smears.! To improve laboratory accuracy and reduce work-
load, a location-guided method was developed as an addi-
tional feature of the primary screening software. Few inde-
pendent studies have assessed this enhancement since the
completion of initial feasibility studies by the company in
1997 and 1998.%% A subsequent laboratory-based study by
Huang et al.* demonstrated statistically superior perfor-
mance of AutoPap-GS in the detection of abnormal slides:
however, this study involved an enriched sample of abnor-
mal smears not relevant to intended use of the device. The
aim of the present study was to assess the effectiveness of
AutoPap-GS compared to current practice.

Analysis of the results show that while AutoPap-GS is
equivalent to current practice for the detection of high-grade
and suspected high-grade abnormalities, the device per-
formed less well in the detection of smears with a low-grade
abnormality. A common feature of low-grade smears is the
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lower prevalence of abnormal cells. For example, smears
showing HPV changes may contain only a few scattered
koilocytes, which may not be readily identified by the
location software. Lee et al.2 tested triage sensitivity over a
range of different slide populations and found that sensitiv-
ities between low prevalence abnormal slides and the over-
all abnormal slide population was not statistically different.
In a study of the AutoPap primary screening software with-
out LGS, Alasio et al.? observed decreased sensitivity for
slides having a low prevalence of abnormal cells. It was
postulated that low prevalence smears combined with in-
flammation causing a decrease in nuclear staining may
influence the detection of cells by the device. These findings
contrast with an earlier study assessing the detection capa-
bility of the device for smears with a low prevalence of
abnormal cells.!® Further studies may be required to assess
the sensitivity of AutoPap-GS for low prevalence abnormal-
ities.

The inclusion of atypical squamous cells of undetermined
significance (ASC-US) smears in the LGEA category may
explain in part the poor results obtained for low-grade
abnormalities. The AutoPap-GS is primarily designed for
the detection of dysplastic abnormalities or worse. How-
ever, the diagnosis of ASC-US can be subjective and it was
of interest to test the effectiveness of the device to detect
these atypias. AutoPap-GS was not equivalent to current
practice for the identification of unsatisfactory smears, an
endocervical component or the presence of organisms or
infective agents.

A smear is called unsatisfactory if an inadequate squa-
mous-cell component is present or if a dense inflammatory
infiltrate or excessive blood obscures cell detail. Review of
FOV locations underestimated smear adequacy in a signif-
icant number of smears. Smear adequacy was often consid-
ered optimal on the basis of FOV review but subsequent
FSR, as part of the discrepancy resolution process, indicated
an inadequate smear. FOV review also underestimated the
presence of an endocervical component and these findings
highlight the importance of assessing all available informa-
tion on a smear for a determination of both smear adequacy
and the presence of an endocervical component.

AutoPap-GS was not equivalent to current practice for
the identification of organisms or infective agents, although
a more confident conclusion may be obtained by studying a
larger sample. Petection of organisms by FOV review was
favored if the agent was accompanied by cellular atypia, for
example, herpes simplex, or for organisms eliciting an in-
flammatory cellular response. Detection by FOV review
was further enhanced if the organism was widely distributed
across the slide, for example, Trichomonas vaginalis. Can-
dida and Actinomyces often manifest as a patchy presence
on the slide and, in the absence of appreciable cellular
changes, may not be identified in the FOV locations.




Slide ranking results indicate that the majerity of high-
grade and suspected high-grade smears were ranked in the
first and second quintiles (73.4%), with the remaining
smears distributed over the other quintiles, including the
fifth. Similar tesults were obtained by previous investiga-
* tors.>1112 In our study, a wider spread of smears across
ranks was apparent for all abnormal smears, including those
smears showing a low-grade abnormality. This may be
related to a number of factors compromising the ability of
the device to classify an abnormality accurately, for exam-
ple, the presence of inflammation and/or a low prevalence of
abnormal cells. The results of this study support the manu-
facturer’s claim that abnormal smears are assigned a higher
numerical score.

The performance of the APSS in identifying up to 25% of
successfully processed slides as normal was assessed and
results were found to be comparable to those of previous
larger studies.!-11:12 With the exception of one case, reported
as inconclusive, possibly high-grade abnormality, all severe
abnormalities were selected by the instrament for review.
Confirmation of an abnormality was not obtained on sub-
sequent follow-up for the inconclusive smear or for the
seven smears reported as LGEA. Three smears reported as
unsatisfactory and 46 smears showing evidence of an or-
ganism or infective agent were included in the NFR subset.
Although the Papanicolaou smear is primarily a test for
precancerous changes, the identification of organisms is an
add-on benefit with this information useful in the overall
management of the patient.!3

Location-gnided screening has the potential to improve
diagnostic accuracy and reduce laboratory workload. In our
study, the device was effective in detecting high-grade and
suspected high-grade smears but failed to perform as well
with low-grade abnormalities, unsatisfactory smears, and
the detection of infectious entities and an endocervical
component. Slide ranking information, however, facilitated
the triage of abnormal smears for prompt attention.

Due to the labor-intensive transfer of PapMaps to slides,
the current system is difficolt. The development of an au-

tomated microscope incorporating an electronic location
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capability may improve diagnostic accuracy and further
streamline laboratory operations.
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