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We report on the testing of a prototype of an electronic device for the
detection of cervix cancer and its precursors, known as the Polarprobe.
The device monitors three aspects of the cervix tissue; two relate to
optical properties and the other to dielectric characteristics. The response
to tissue stimulation takes the form of an energy pattern which, in
conjunction with spectroscopic discriminants, can be digitized to prepare
an algorithm. The pattern algorithms are sufficiently characteristic to be
afforded names which correspond to tissue states recognizable as normal
or abnormal by the clinician. On a tissue observation basis the pre-
viously established recognition algorithms derived from 106 volunteers
produced assessments which related strongly to colposcopy/histology
diagnoses obtained on 77 additional volunteers. This concordance be-
tween colposcopy/histology and Polarprobe diagnoses on this primary
analysis subgroup ranged from 85% on low-grade intraepithelial ab-
normalities, and 90% on high-grade cervical intraepithelial squamous
neoplasia, to 99% on invasive cancer. An extrapolation of these results
suggests false-positive/false-negative rates in the order of 10% are
achievable with the current Polarprobe device.

KEYWORDS: cervical pre-cancer, cervix cancer screening, electronic detection
device, Polarprobe.

Concerns about screening methods for cervical pre-
cancer and the increasingly evident need for an
adjunct to the Papanicolaou smear led in part to the
Polarprobe project. Koss suggests that ‘the screening
error based on a single adequate smear is likely to be at
least 50%". More recent research by Reid et al. on the
diagnostic accuracy of the Papanicolaou smear and

Address for correspondence: Professor M. Coppleson, 187,
Macquarie Street, Sydney, 2000 Australia.

possible adjuncts led the researchers to conclude that
‘cytological detection rates are markedly improved by
a second or third (adjunct) test’®.

The Polarprobe prototype is a computerized
diagnostic instrument specifically developed to detect
pre-cancers and cancer of the uterine cervix. The
technology is embodied in (i) the probe body which
contains the tissue stimulation and sensor elemer:ts, (ii)
the electronics modules which control and assemble
detector signals and data, and (iii) the computer soft-
ware which interprets the tissue-response signals.
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Operation involves placing the pen-sized probe tip on
the cervix and methodically moving it across the cer-
vix tissue, simultaneously stimulating the tissue with
pulses, one minor electrical and two optical. The tissue
response to these pulses is detected by the probe and
relayed to an electronics module. Within the elec-
tronics module the tissue responses are transformed
and compared to a catalog of 14 tissue types deter-
mined previously by mathematical modeling, and a
decision on the tissue type is made within 0.13 s. An
operational schematic is given in Fig. 1. In the work
reported here, Polarprobe diagnosis is compared
against colposcopy and histology.
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Fig. 1.

Patients and methods

The data are part of a series of Polarprobe evaluations
which have been ongoing since 1987. Evaluations prior
to 1990 were conducted on prototypes which detected
fewer tissue parameters than the subsequent devices.
The evaluations concern data collected from 183 vol-
unteers aged 20 to 50 years presenting at King George
V Memorial Hospital, Royal Prince Alfred Hospital,
Sydney, with either atypical colposcopic appearances
or abnormal Papanicolaou smears. The selection
criteria of trial data were based solely on the type of
probe used for the Polarprobe analyses. Essentially
identical probes were used for all the patient studies in
this evaluation. These probes stimulated the cervix
tissue with 16 pulses of 1.2 volts for a period of
100x107sona2x10"3s cycle at the beginning of
the overall 130x10™* s measurement and analysis

cycle. Within this 130 x 107> s period the tissue was
also stimulated with 100x107° s duration optical
pulses. These pulses were at two wavelengths, the
peak powers of which were 80x107° Watts and
35x 10~° Watts. The patient data used to develop the
current tissue recognition algorithms were collected
from 106 volunteers during early to mid-1990. The
data subset used for the primary evaluation of algor-
ithm (tissue recognition) performance was collected
from 77 additional volunteers between late 1990 and
late 1991.

Data collection

The patient was prepared for standard colposcopy and
the cervix was scanned for a 2-min period with the
Polarprobe prior to colposcopic examination. The
probe movement was recorded using a video camera
attached to the colposcope. Video recording of the
Polarprobe scans and subsequent colposcopic exam-
ination were stored on tape. The results of tissue
stimulation, and the real-time tissue categorizations of
Polarprobe were recorded onto computer files.
Detailed patient notes, including previous smear and
biopsy results together with colposcopy/histology
results, were also recorded.

Data analysis

Video records of each patient’s scan were examined in
conjunction with the video record of the subsequent
colposcopic examination, patient notes and detailed
tissue location diagrams prepared by specialist gyn-
ecologists at the conclusion of each examination. These
diagrams were prepared in accordance with schemes
reported elsewhere®®. When necessary, the diagnosis
was confirmed by histologic study. Biopsies wersa
taken from 62 women. The periods during which the
probe was in contact with the identified tissue were
recorded by technicians and used to extract the
corresponding computer records of the Polarprobe
diagnosis. The prototype used for this work performed
eight diagnoses per second. Each diagnosis on an
identified tissue was recorded as an observation. The
tissue area covered by an ‘observation’ was variable,
depending principally on the traversing speed of the
probe tips: data analyses did not correct for this
variation. The total number of tissue observations per
patient was determined by the number of one-eighth-
second intervals during which the probe was in
contact with identified tissues. The primary data
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analysis was performed by evaluating the concord-
ance by tissue observation on an abnormal/normal
basis between Polarprobe and colposcopy/histology
diagnoses for each of the major tissue type categories
found. The cut-off point for abnormal/normal within
the algorithm groups was set as part of the tissue
recognition algorithm development in mid-1990. Prior
probabilities for each of the 14 tissue groups recog-
nized by the algorithms were set to be equal to ensure
that concordance rates were not enhanced by the
substantial variation in observation numbers between
normal and abnormal groups.

The 14 tissue types recognized by the algorithm
were categorized with the following descriptions:
human papillomavirus, minor atypia, cervical intra-
epithelial neoplasia grades 1, 2 and 3, micro-invasive/
invasive cancer, transformation zone edge, columnar
cell type 1, columnar cell type 2, immature metaplasia,
mature metaplasia, original squamous epi-thelium of
cervix, squamous epithelium of vaginal fornix and
regenerative squamous epithelium. The algorithms
themselves are best visualized as centroids within
the ‘n’ dimensional space of the selected discriminants.
Determination of tissue type in these algorithms was
probabilisticaly based on the relative proximities to
these centroids of the tissue observation responses.

. The algorithmic distinction between some of these
14 tissue groups was not particularly strong on the
development dataset (106 volunteers). The value in
their creation lay in the overall improvement in
discriminations between the normal and abnormal
classes. An example of this situation is the relatively
poor distinction between minor atypia and CIN1. In
spite of the significant overlap between these
categories their separation into two groups provided
enhanced discrimination between minor atypia/CIN1
and immature metaplasia. For other apparently similar

tissue types segregation significantly improved
discrimination. An interesting example of this situa-
tion was found in the two columnar cell group clusters
which formed discriminant centroids either ‘side’ of an
abnormal group.

The prime consideration in the algorithm develop-
ment phase was to achieve maximum normal/
abnormal recognition accuracies on the development
data set (106 volunteers) with the minimum number of
tissue classes. The rationale prompting this minimum
class approach was that low class numbers. would
reduce the risk of introducing development data set
artefacts into the recognition algorithms.

Results

The concordance between colposcopy/histology and
Polarprobe diagnoses on the algorithm evaluation data
(77 new volunteers) ranged from 85% on low-grade
abnormalities (well-developed human papillomavirus
changes, minor atypia or cervical intraepithelial neo-
plasia grade 1), through 90% for high-grade abnorm-
alities (cervical intraepithelial neoplasia grade 2 or 3),
to 99% for invasive cancer (Table 1). These percentage
concordance results referred to above and in Table 2
relate to the number of observations within each tissue
group. The six tissue types referred to in Tables 1 and 2
are an amalgam of the 14 groups used by the
recognition algorithms. Normal columnar tissue, for
example, includes the two distinct colummar sub-
groups, squamous epithelium the three subgroups,
physiological metaplasia two subgroups and the
atypia—CIN1 groups include HPV. A summary of
the results obtained by applying the algorithms to the
total data set is given in Table 2. These results are
similar in nature to those in the primary data set.

Table 1. Correspondence between Polarprobe and colposcopic/ histologic observations

Tissue type Total Abnormal Normal

by colposcopy/ observations observations observations Patient
histology of tissue type* by Polarprobe (%) by Polarprobe (%) numberst
Atypia—CIN1} 1111 15 26
CIN2-CIN3 645 10 11
Invasive cancer 242 1 3
Squamous epithelium 7012 77
Fhysiologic metaplasia 1403 21
Columnar epithelium 1806 25

*Each observation represents a probe reading on a tissue segment dia

tissue categories above.
TNumbers of patients with the identified tissue type.
}CIN = cervical intraepithelial neoplasia.

gnosed by colposcopy/histology as conforming to one of the six










