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Objective: To determine the effectiveness of and costs
associated with semiautomated rescreening of Papani-
colaou smears with negative findings at a community
hospital.

Design: A prospective study of 1200 Papanicolaou smear
slides with negative findings using the PAPNET screen-
ing system (Neuromedical Systems, Incorporated, Suf-
fern, NY).

Setting: Community hospital laboratory.

Patients: Patients with negative findings on Papanico-
laou smears who agreed to have their smears reviewed
using PAPNET.

Interventions: None.

Main Outcome Measures: Results of rescreening
and resources involved in processing the PAPNET re-
view.

Results: Screening with PAPNET identified 8 patients
with atypical squamous cells of undetermined signifi-

cance (ASCUS) that were not diagnosed on initial screen-
ing, yielding a false-negative rate in our laboratory of 0.7%
for ASCUS. No low- or high-grade squamous intraepi-
thelial lesions were identified. Based on our laboratory
processing 6000 Papanicolaou smears a year, at $19 per
slide, it would cost our laboratory $102 600 for PAPNET
review of all smears with negative findings. In contrast,
the estimated cost to have another cytotechnologist re-
view all such smears manually would cost $11 977. The
rate of changed diagnoses in the PAPNET group was simi-
lar to the rate in our standard rescreening of 10% of all
smears with negative findings. Mean turnaround time for
a PAPNET screen was 13.9 days, compared with 3.9 days
for manual review.

Conclusions: For a laboratory with a low percentage of
smears with abnormal findings, a quality cytotechnolo-
gist and pathologist, and required quality assurance stan-
dards in place, PAPNET may not improve appreciably
the pick-up rate for missed cervical lesions, and may add
significantly to the cost and turnaround time of cyto-
logic evaluation of cervical smears.
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A PAPANICOLAOU smear of
the uterine cervix is a com-
monly performed proce-
dure. Each year, results of
millions of Papanicolaou

smears are interpreted by cytotechnolo-
gists across the country.1 Although a pa-
thologist reviews all slides with abnor-
mal results, they do not usually review the

slides with the results interpreted as nega-
tive by the cytotechnologist. To address the
concern of quality assurance with cervi-
cal cytologic screening, Clinical Labora-
tory Improvement Amendments (CLIA)
regulations require 10% of Papanicolaou
smears with negative findings to be re-

screened by a pathologist or a senior cy-
totechnologist.2 This still leaves 90% of
these smears that are at risk for a missed
diagnosis of squamous intraepithelial le-
sions (SIL) or carcinoma. Due to screen-
ing or interpretation error, it is expected
that occasional lesions will be missed, with
the literature showing wide variations in
the estimated incidence of false-negative
rates ($5%-25%).3,4 There are several
factors that may interfere with proper
screening and interpretation of smear re-
sults, such as obscuring inflammation,
air-drying artifact, or blood from men-
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struation. In addition, failure of the clinician to obtain a
representative sample may contribute to the chances of
missing a lesion.3

PAPNET was developed by Neuromedical Systems,
Incorporated, Suffern, NY, to address the issue of cervical
cytologic screening and false-negative findings.5-10 PAPNET
is a semiautomated cervical cytologic screening method
that uses computer imaging and a neural-network type of
artificial intelligence to review slides that previously have
been interpreted as having negative findings. PAPNET iden-
tifies 128 of the most abnormal areas on each slide it re-
views and records these on a data storage tape. These tapes
are then reviewed by a cytotechnologist on a high-
resolution color monitor. The results are interpreted by
the cytotechnologist as negative or requiring review of the
glass slide. On review of the glass slide, the findings are
triaged as negative or as abnormal and requiring patholo-

gist review. The pathologist reviews the slide and deter-
mines the final diagnosis.

PAPNET received US Food and Drug Administra-
tion approval in November 1995 as a secondary screen-
ing device for cervical cytologic smears, and it has been
marketed heavily in medical and lay publications.
PAPNET is not approved for primary screening or for
known abnormal findings on smears. Most studies of the
efficacy of PAPNET have been conducted in large aca-
demic centers or with selected populations of women
known to be at higher risk. Studies show that PAPNET
will detect 0.2% to 2.8% of previously undetected le-
sions, with most of these lesions being atypical squa-
mous cells of undetermined significance (ASCUS).7-9

To evaluate PAPNET’s usefulness in a community
hospital laboratory, we conducted a prospective study of
1200 Papanicolaou smear slides with negative findings
(1197 patients, 3 with 2-slide smears). We sought to de-
termine what the false-negative rate of our cytotechnolo-
gist (C.S.) was in the PAPNET-reviewed cases, to assess
the actual costs to the laboratory and patient associated
with using this technology in a community hospital set-
ting, and to determine if there is a greater yield using
PAPNET technology in a community hospital setting com-
pared with that of previous studies at large academic in-
stitutions.

A method to evaluate the quality of a laboratory is
the false-negative fraction. The false-negative fraction is
defined as the number of false-negative findings divided
by the number of false-negative plus true-positive find-
ings.11 The false-negative fraction at our laboratory is
6.0% (5%-10% indicates good performance).

RESULTS

Of the 1200 slides sent for PAPNET review, the cyto-
technologist reviewed the data tapes and triaged 37
smears (3.1%) for review by the pathologist due to ab-
normal findings. The pathologist interpreted 8 results
as ASCUS and 29 as negative. Low-grade SIL was fa-
vored in all of the results interpreted as ASCUS. None
were interpreted as high-grade SIL. Two of the 8 cases
of ASCUS were initially interpreted as abnormal find-
ings by the cytotechnologist. On further pathologist re-
view, the findings were interpreted as negative and sent
to PAPNET. After PAPNET review, these findings were
triaged as abnormal and requiring pathologist review.
The second reviewing pathologist in both cases gave a
final diagnosis of ASCUS. This yielded a cytologist and
pathologist false-negative rate in our laboratory of 0.7%
for ASCUS.

In our study, 8 of the 1200 smears with initially nega-
tive findings reviewed with PAPNET had a change in the
diagnosis to ASCUS, favoring low-grade SIL. A sum-
mary of these cases is provided in the Table. Data were
available up to 13 months following the conclusion of
this study, with all subsequent findings of follow-up Pa-
panicolaou smears or biopsies being reviewed. Six of the
8 patients with ASCUS underwent follow-up studies. Of
these 6 patients, 3 patients had negative results of re-
peated Papanicolaou smears, 2 patients had findings in-
dicative of ASCUS, and 1 patient had findings indicative

MATERIALS AND METHODS

The cytotechnologist (C.S.) and 2 pathologists (S.K.
and D.F.) from the laboratory of Columbia Hospi-
tal, Milwaukee, Wis, attended a 5-day PAPNET train-
ing session at Neuromedical Systems. The cytotech-
nologist performed all the PAPNET review during the
study. Initial screening and manual review of 10% of
slides with negative findings were performed in the
usual fashion. The study protocol obtained ap-
proval from the institutional review board, and we
accepted consecutive smears with negative findings
from physicians and patients who consented to par-
ticipate in the study at no charge to the clinic or pa-
tient. The population served by our hospital labora-
tory is diverse, with a relatively low rate of abnormal
findings on smears (5% of all smears being ASCUS
or worse). These 1200 smears were collected during
a 6-month period and were sent to PAPNET for im-
aging in batches of approximately 60 smears. Rec-
ords were kept of time spent by the cytotechnolo-
gist on clerical tasks associated with sending slides
to PAPNET for imaging and of time spent in review
of PAPNET data tapes and associated review of glass
slides. The pathologists kept records of time spent
reviewing PAPNET cases triaged for pathologist re-
view. Preliminary reports of negative findings were
sent out after the initial screen, including the follow-
ing comment: “This case is pending PAPNET re-
view.” After PAPNET review was completed, a final
report was sent, including documentation of PAPNET
secondary screening results. All findings deter-
mined to be abnormal using PAPNET-assisted re-
screening were correlated with subsequent results of
biopsies and Papanicolaou smears. Since the false-
negative fraction of the PAPNET cohort could not be
determined (PAPNET does not accept smears known
to have positive findings), we instead determined
the false-negative rate for the cohort. False-negative
rates were calculated by taking the total number of
PAPNET-associated slides with additional abnor-
mal findings divided by the total number of Papani-
colaou smears.
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of low-grade SIL. Two of the 6 patients underwent cer-
vical biopsy and/or endocervical curettage, with find-
ings interpreted as negative, and 1 patient underwent an
endocervical curettage with findings suggestive but not
diagnostic of human papillomavirus. A subsequent en-
docervical curettage yielded negative results.

Based on our sample experience, PAPNET review
of 1000 manually screened, comparable samples with
negative findings would yield from 2.9 to 13.1 addi-
tional cases of ASCUS (based on the exact 95% bino-
mial confidence interval about the false-negative rate of
0.7%). The number of missed cases of SIL identified would
be 3.1 or fewer (based on the 1-sided 97.5% binomial con-
fidence interval associated with the 0 false-negative de-
tection rate for SIL).

Clerical time required to log, prepare, and ship the
1200 slides for review by PAPNET was 20.3 hours. In
addition, 37.8 hours were required by the cytotech-
nologist to review and interpret the PAPNET results,
including review of glass slides. Approximately 35 min-
utes (0.6 hours) of pathologist time was required to re-
view PAPNET cases.

At our institution, the middle range of salary plus
benefits for a cytotechnologist is $22.18/h; for a labora-
tory aide, $11.72/h. In our study, based on the total time
and labor expenditures, we calculated clerical and cyto-
technologist costs at approximately $1.00 per case for re-
viewing PAPNET data. The current PAPNET charge to
the laboratory is $18.00 per slide. This would result in
$19.00 of extra charges for the usual single-slide Papa-
nicolaou smear (this charge is to the laboratory, not the
patient; the laboratory is responsible for recouping these
costs when billing the patient). When the laboratory con-
siders pricing of Papanicolaou smears, other factors must
be considered in the bottom line, including variable re-
imbursement by third-party payers, capitated contracts,
billing costs, costs of quality assurance activities, and non-
payment by some patients.

The screening rates of cytotechnologists vary
widely.12 Using 10 slides per hour as an acceptable screen-
ing rate for an average cytotechnologist,2 review costs
$2.22 per slide. This cost is similar to what has been re-
cently reported.11 With 5400 smears with negative find-
ings at a cost of $19 per slide, it would cost our labora-

tory $102 600/y for PAPNET review of all smears. In
contrast, to have another cytotechnologist review all of
these smears manually would cost $11 977/y. This would
yield a marginal cost of $7832 to $35 379 per case of
ASCUS detected with PAPNET.

The 1200 slides were shipped and processed with
PAPNET in 20 batches collected in the hospital labora-
tory from March 11 to August 28, 1996. On average, each
batch was collected during 7.8 days (SD, 2.5 days). The
longest collection period was 12 days, whereas the short-
est was 3 days. On average, each batch consisted of 60
slides (SD, 13 slides). The delay between the time that a
batch of slides was completed for forwarding to PAPNET
and the completion by the cytotechnologist reviewing the
PAPNET data tapes was 6.2 days (SD, 2.1 days). The av-
erage time from the date of the specimen collection to
final diagnosis of a PAPNET review during the study was
13.9 days (SD, 3.4 days). The average turnaround time
for a non-PAPNET review in our laboratory during the
study period was 3.9 days.

COMMENT

The Papanicolaou smear is a very effective screening
tool for cervical cancer, but it has its limitations. Over
the past decade, there has been increasing pressure to
improve the quality of the Papanicolaou smear screen-
ing program in the United States. As a result of this
pressure, CLIA 88 was implemented (Public Law 100-
578). It included limits on the number of smears
screened per day by cytotechnologists and minimum
rescreening requirements of smears with negative find-
ings; it prohibited payments per case screened by cyto-
technologists and home screening.2 More recently,
attention has turned to automated systems for rescreen-
ing of smears with negative findings, including
PAPNET. Several studies have shown PAPNET to be
effective as a secondary screening method.4-8,10

The clinical significance of a finding of ASCUS on
a Papanicolaou smear is uncertain. Based on the very
short-term follow-up of additional patients with ASCUS
identified in our study, there did not appear to be much
benefit to these patients, but there was the potential for
increased interventions with repeated Papanicolaou

Comparison of Papanicolaou Smear Interpretations Before and After PAPNET Review*

Patient
No.

Initial
Cytotechnologist

Interpretation

Initial Pathologist
Interpretation Before

PAPNET Review

Final Pathologist
Interpretation After

PAPNET Review Available Follow-up†

1 Negative NA ASCUS Negative findings, Papanicolaou smear
2 Negative NA ASCUS Negative findings, EEC; negative findings, Papanicolaou smear
3 Negative NA ASCUS Negative findings, Papanicolaou smear
4 ASCUS Negative ASCUS Papanicolaou smear, L-SIL findings; ECC, HPV findings; negative findings,

repeated ECC
5 Negative NA ASCUS Papanicolaou smear, ASCUS findings
6 ASCUS Negative ASCUS None
7 Negative NA ASCUS Papanicolaou smear, ASCUS findings; negative findings, ECC
8 Negative NA ASCUS None

*ASCUS indicates atypical squamous cells of undetermined significance; NA, not applicable; ECC, endocervical curettage; L-SIL, low-grade squamous intraepithelial
lesions; and HPV, human papilloma virus. PAPNET is a semiautomated cervical cytologic screening method (Neuromedical Systems, Incorporated, Suffern, NY).

†Includes 13 months after PAPNET rescreening.
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smears, colposcopy with biopsy, and the associated
costs and patient discomfort. Studies have quoted un-
derlying rates of cervical intraepithelial neoplasia with
ASCUS found on Papanicolaou smears as being variable
(10%-40%).13

Using PAPNET technology, a negative diagnosis
was changed to ASCUS in 0.7% of cases in our study
sample. The usual procedure in our laboratory, as man-
dated by CLIA, is to rescreen at least 10% of smears
with negative findings. In 1996, we rescreened on aver-
age 13% of these smears, including targeted (high-risk)
and random rescreenings. Examples of targeted re-
screening include patients with previous Papanicolaou
smears with abnormal findings or previous treatment
for cervical intraepithelial neoplasia. With this rescreen
policy, 0.9% of initial diagnoses were changed in our
laboratory. In our patient population, there is a low in-
cidence of abnormal findings on smears. We interpret
results of approximately 6000 smears a year. Of these
6000 smears, 90.6% have negative findings or show be-
nign cellular changes; 6.6%, ASCUS; 2.1%, low-grade
SIL; 0.6%, high-grade SIL; 0.1%, atypical glandular cells
of undetermined significance; and 0.6%, unsatisfactory
findings. As would be expected, given the low incidence
of abnormalities, there were few changed diagnoses in
the PAPNET study group. The percentage of changed
diagnoses in the PAPNET group was similar to the per-
centage of changed diagnoses in our standard 10% re-
screening group.

In our laboratory, the PAPNET study population
was comparable to manual secondary screening for
identification of missed lesions. The major impediment
to 100% rescreening of Papanicolaou smears with nega-
tive findings has been the associated costs. In today’s
cost-conscious medical environment, a secondary
screening method must be efficacious and cost-effective
to be widely accepted. At its current price, PAPNET is
not cost-effective compared with manual rescreening.
We believe that, after using the system, if costs
decrease, PAPNET would be a useful adjunct to quality
assurance of cytopathological studies. PAPNET could
provide a rapid means for a senior cytotechnologist to
review the work of less experienced cytotechnologists.
PAPNET may also enhance identification of rare high-
grade cells that could be missed during primary review
of smears by cytotechnologists. Finally, our cytotech-
nologist appreciated the security PAPNET provided as a
check on her interpretations of Papanicolaou smears as
having negative findings.

We limited analysis to costs to the laboratory and
patient costs of Papanicolaou smears. It was beyond our
scope to calculate additional costs outside the labora-
tory, such as repeated Papanicolaou smears, colposco-
pies, or treatment methods associated with false-
negative and false-positive findings on Papanicolaou
smears. The follow-up of the 8 patients with ASCUS was

very short, and any statement as to the long-term con-
sequences of identifying these individuals is uncertain.
Another limitation was that we did not directly measure
costs of having an additional cytotechnologist rescreen
all of our smears with negative findings. Rescreening might
lead to cytotechnologist overcall of abnormalities and re-
sult in additional cost or repeated smears, colposcopy,
or other such evaluations. We did not include indirect
costs to the patient, such as time lost from work, anxi-
ety, or patient preferences for follow-up of the addi-
tional cases of ASCUS identified on PAPNET review of
our slides with negative findings.

For a laboratory with a low percentage of abnormal
findings on smears, a quality cytotechnologist and pa-
thologist, and required quality assurance standards in
place, PAPNET may not improve appreciably on the
pick-up rate for missed cervical lesions, while adding sub-
stantially to the cost and turnaround time of cervical
smears.
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